Journal of the Korean Ceramic Sociely
Val. 30, No.9, PP. 717~722, 1993.

DlAl7ZE MAp] WE O|ERjo} 2t&E A=23Ljoke| I[N ME =3

YMA - S - M7 - Yrh - S
TR Fie SRER T
(1993 74 54 #<)

Effect of Microstructural Design on the Electrical
Properties of Y,0s-Stabilized Zr(,

S.J. Kim, K.H. Kim, S.J. Oh, T.K. Kang and 1L.H. Kuk
Ceramic Materials Development Team
Korea Atemic Energy Research Institule
{(Recerved July 5, 1993}

= 3Y- ZTOE

g <%
dlo] = Ax=) upfe g Astgt 3Y-2r0,2F BY-Zr(0p2] T34, o] F2o] e otz wol H2= oaa g,
TR 3Y-Zr(2) BY-ZrO, ¥bo] FAlEA E3d EFA1HEL 15007 o4 24]7) Bol TR 7|R A
) :'l'r

BF gl wbie g ArY Qg HAlsylch 8Y-Zr0, shEel HAE Aol of

wENel 3 ey, L EweEA EE T el 83 dl# Z"e)w e zhe oA EE 3Y-Zr0,9)
8Y-Zr(,2] EAe] Eggo] viebyd o] Egha[slal ol of ﬁH Waufd-g 2k ojZ:A[ge] 54 % FE 8Y-Zr(,
2] 2t vebdel W84 GEexdA Add ¥ BATAEEE e ANe AFd o HduiEe 2=

c gz feld

7—]0]04 o ATy omy FAH rw 5 Ao gigs g vz

25 & FF g

ABSTRACT

Effects of microstructures on the electrical properties of ZrQ; based cermmics were analyzed by modeling
layer arrangements and mixed phase structures. Single lavers and alternatng muitilayers were made from
3mol% and 8 mol% Y0, doped Zr(:, powders, while muixed specimen was made by hlending and compaching
these raw powders. After sintering at 1500C for 2hr in awr, AC impedance characteristics were measured.
Contribution of hulk component to total resistivity and its temperature-dependence were larger in 8Y-Zr(Q,
single layer than in 3Y-ZrQ. single layer. The multilayered specimen connected in serial to electrodes showed
partial characteristics of both 3Y-Zr0y and 8Y-Zr(; single layers. The multilayered specimen connecled in paral-
lel to electrodes and the ruxed specimen exhibited charactenistics mainly of 8Y-Zr(. single layer The multilaye-
red specimen connected in paralle! to electrodes revealed the highest electrical conductivity near the operating
temperature of solid oxide fuel cell However. it 15 expected that the mixed specimen is appropriate for the
applications because of its relatively high electrical conductivity with high sirength expecled.
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Fig. 1. Three modellized microstruciures; (a) serial
and (b) parallel connection to electrodes, and
" {c) mixed structure.
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Fig. 2. Impedance spectra for 3YZ (1) and 8YZ ()
single layers measured at (a) 250, (b) 4507C,
and () 750C in air.
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Fig. 3. Arrhenius plots for total conductivities of 3YZ
() and 8YZ () single layers.
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Fig. 4. Arrhenius piots for bulk and graio boundary
conductivities of 3YZ and 8YZ single plates; 3
YZ: bulk (5) and grain boundary (W), 8YZ: bulk
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Fig, 5. Impedance spectra for mullilayered-serial (&)
and paralle] (¥) connections to electrodes and
for mixed specimen (+) measured at (a) 2507,
(b) 450T, and () 750T in air.
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Table 1. Measured and Calculated Conduclivities of
Single and Multilayered- and Mixed Speci-
mens at 750C

Conductivity (1/ohm-cm, X 107%
Samples at 750
Single-2Y7 0.88
s S|
Single-8YZ 1.72
. {measured 1.38
Serial —m—— 1 ————
calculaterd 1.13
measured 2.14 |

Paratle] —————
calculated 1.25
Mixed 1.43

lritd = 1.02~-1.03 eV, 914 © 1.15~116eV). T&
o v W Al mE HAes kel A e
DA S 7HARL gla, o2 ARE 2R 3o
Aol gAgeialz} Hshs Alo] ofde i
Tk i Alge] sl AR R e e
clobm M=E AL Z(pathye] HHE7) =fFel =
ik,

Table 12 750T ol A% 2z} A|dEe] xx
225 @] ArEs) oAy z+

SRE Absae 2 A4l vhEage] HRwg u]as
of vpehd Zele]. ofdf, e 3) Alike $8le T o
Aol d# Exjde e Ad wighude] He] gluka
tAstdey chea B3 Al AZws) Adeden
A4 gRo} BF o B4 2Rl o|gle 27
ol 3YZs} 8YZAF Alelel Ay A algl7) e

E Qg wEAHe] MY B2 AmES WYy
AR Tl ge] #EE EfAy Axwi =g
droh A uebdoh meky, wlgtag =248 o
ETelA ] Al FellA AamAe] A A2 A
571l 7 A Ase meefs Anmsl A7
Fo WA HelA I S BYZ wEalgelnh £
LAY Mres 3VZs) Aagdnchs 5 uelg
\:}. 4:3 ?L-al-giﬁ‘é X?‘:‘.i'_l_% t:?ego 7Ll: ] 4 u]—%
7lEE Rk dedE Bfeka @yl gk Ay
Brp 238 Ax%s) ggteneg ERNHY 473
A Y1Ee AASR O Axws) o] =718
T 318 AHelr)h, =Y, o] EFbA| gl 3YZ7F Eatsio)
WEER 8YZ RN AR gws) $5Y Aen
S 4H
ddlﬂ, BE dzped W2l 2 P2E A7

Fooh BpasE R A =g = %

rle

HAHg-of

ol

i)

(i ki

L=

-721-



U, 8YZ w3 AlRe s el Hepaked vhae)
A2z} olgick, mebal, A sl Mo R Axss)d)
gl ge] flor] WaEs 2 ARuds ArEs}
ZEAn Mrwr) Aoz 24 ]_ur]}\-] ZIAA A
wEt $5% Ao datsle g /4547 A
B2 fysiohe dutEch A7) deer B3 o)A
o] gk ARE Ashe ke BARA olge
H71A 5L vigez FlAE A g dvvb
AzsoiAer @ elrh.

4832 £

Bo) L sjaw) ah e Azt 3Y-Zr0, 8Y-ZrOp w
FAH, o] T o] 2L pupg ol HER ofF
A9, el 3YZe) 8YZ Rate] FAstA Eid @
AlHE 15007, BrE47 A 24)7F Zat AAE) §
7 ARl st wi YHPE F4L Sysch

1. 8Y-Zr0, 2] 24 w A} tig w3 7)o
T 2 e Be Y% oE RTEn Vs 4
2FF8 A B 3Y-Zr0; Fuol 2A vehda
o EELEA g ZA etk

2. ATel dEe] FAFMR L g AlELS V-0
8Y-Zr0, 8] EAel s vehden), £k A
ol w5t HRE zte AHy JEys F4 54
F2 8Y-Zr0; SAuk velyit). :11":]1_.}, ﬂ%u}]ng% a8

ARk sl BAsAAE ne]
S00C  aliel ] gl Sl g =) 2} tﬂa}— ﬂo]og 2
el gl

3. dsAdr) e T B Ald B2 Aeeg
712 = el= 3Y-ZrQ.s) BY-Zr0,49] Aduig] s A=
g Wae 252 sz sAN «)8g TR

L FEO e @

el

-722-

WAz e Azsl] ojgiy] o, A _‘7;7} H]_ﬂz:]
=012 zﬂ?-f,—].;,-]x;_ B f—‘q__]—%]ﬁ:]o
Mgz fasloh Augd,

REFERENCES

1. I. Schoonman. J.P. Dekker, and JW. Broers, “Eleciro-
chemical Vapor Depasition of Stabilized Zirconia and
Interconnection Materials for Schd Oxide Fuel Cells,”
Soltd State Ionics, 46, 299-308 (1991).

. M. Mori and C. Asakawa, “Solid Oxide Fuel Cells,”
CRIEPI-R-EW80002. Japan (1990).

3. S.Y. Phillips and AK. Datta, “Ceramic Tape Casting
for Solid Oxide Fuel Cell Electrolyte Production,” Conf.
on Ceramics in Energy Applications, Session 3B, p. 183-
194 (1990}

4. M. Dokiya, N. Sakai, T. Kawada, H. Yokokawa, and L
Anzal, "Wet process for planar SOFC” Proc. of the
2nd Int. Symp. on SOFC, p.127-134 (1991).

5. K. Kobavashi, H. Kawajima, and T. Masaki, “Character
of Grain Boundary in Ceramic Tonic Conducts using
AC Electrical Technique,” J Silicate Industry, 9-10, 127-
132 (1985).

6. D.]. Shanefield and RE. Mistler, “The Manufacture of
Fine-grained Alumina Substrates for Thin Films,” Wesi.
FElect. Eng 15, 26-31 (1971).

7. D.Y. Wang, D.S. Park, J. Griffith, and A.S. Nowick, "Ox-
ygen-ion Conductivity and Delect Interactions in Yttria-
doped Ceria,” Solid Stafe lowics, 2, 95-105 (1981).

8. S.P.8. Badwal, F.T. Ciacchi and R.HJ. Hannink, “Rela-
tignship hetween Phase Stability and Conductivity of
Yttria Tetragonal Zircomia,” Selid State lonics, 40/41,
#82-885 (1990).

9. IA. Kilner and RJ. Brook, “Effect of Grain Boundary
on the Conductivity of High Purity ZrOs.-Ys0Q; Cera-
mic,” Sohd State Ionics, 6, 159-170 (1982).

3

2533317



