Journal of the Korean Ceramic Society
Vol. 37, No. 12, pp. 1140~1145 2000.

SOFC 858 Ni-YSZ SgfAlel M7 xe} HI|& S47ie| &EEA: IL ZA|IHS}

2 g - olshdx - 0|BES* - BIIM
oA e A2ty -z etat
A7) edTd A FEATA

e 3]
[+] 1l
(200041 8E 32 A

Correlation between the Microstructure and the Electrical Conductivity of
SOFC Anode, Ni-YSZ : II. Temporal Variation

Hwan Moon, Hae-Weon Lee*, Jong-Ho Lee* and Ki-Hyun Yoon

Ceramic department, Yonsei University, Seoul, 120-749, Korea
*Ceramic Processing Research Center. KIST. Seoul, 136-791, Korea

(Received August 3, 2000)

= =

Ni¢] ggo] Az thE Ni-YSZ 2842 1000°C 4 £2)718klA dAg)shy A7kl wa rM7=e] ¥Hils Sy
(o]

Tl Quantitative microscopy ©1E-& 5-8% B A3 Ni-YSZ B39 mlMT==

222 Yehls Nidke] oA 7z

Halol] 71 & e 2o AAUTE B3] Nig) o] B2 FAAME Ni A7k AEo] 2ol kgl 2% vaEe] H
g7} Astded o2 ¢ls] E3A vz A »glA 28Uk Ni-YSZ EEe] A7) dne 9A] Nrdel w4
TZ W3] & 9%E Ut S8 AX vNTxe) FAWEeRs g2 Nide] B2 Z24u = NYd9) percolationo] 4
oube A Beld © & FIL Wkt o2 g Ni-Ysze| A7) Ax=E Ni®l percolaton threshold -2 244 <t

BEser B Be A0s 2dd

ABSTRACT

The temporal variation of the microstructure of Ni-YSZ composite was investigated at 1000°C in reducing atmosphere. According
to the image analysis based on quantitative microscopy theory. the microstructural change of the Ni phase was the most greatly
influenced factor for the overall microstructural evolution of the composite. Due to this reason, the microstructure of Ni-rich sample
was stabilized relatively slowly compared with other compositions. The electrical conductivity was also greatly influenced by the
microstructural change of Ni phase, especially around at the composition where the percolation of the Ni phase occurred in Ni-YSZ

composite.

Keywords : Ni-YSZ composite, Quantitative microscopy, Microstructural evolution

1. M AL mA F2A <z, S FAAYA NI, YSZ, 7139

7] & AH £, ol AZA e 37H vE A4

M3 % 5 Al 71A] "l Ni-YSZ SEAE A3 g 5ol ated B dFgg WA HE ¢ 5 UArh wet
Al AzdRet Bl A A8 deAAY FFo= A Ni-YSZ H3Ae] 714 42 Hol a7 vAl7=
AgE71o) g e B2tk 53] Ni-YSZ B A AAEe] o8 ez ZAe] "o wEd e
A SAREEE] T g oled W71 4L oA HAAZE AEste SOFC

AxAE 7R o] B2 I2MY wAl 7z AARE) wel 2o
NiO-YSZ H8AE SLAA Azsh7] difo] dE7riel E s #th & S8R9 A2 FoEe 1240 &
Faol dagh 259 7]3E Bt itk B3 22 g2 ALolA sl Al TR A Hstel] ofsf
A HIAA bR YSZ Aol FAE o)Fx Slo] e 3] e BA40E ¥E = A mebd HAH A=
Aol Bvsk AF ARARAM A 7144 54 B4 TEE F e AFE Azsp] AMe B8
A U b oA 2R A A wskd] giE £42 Bs) 134
D A7VE 53 Ni-vSz BRI A FHe 7 7 0% A wAERE Jeplie 248 R o2y
el AAA] A7) A 5ol s Rk o) & Bl oigE 7)1 54 Frske glo] Z4Fe



SOFC €& Ni-YSZ E5H|9) ol 7ze A7) Ex47ke] ARk 1. 7AAEst 1141

A& SOFCe] 47 eH8Ade &¢e <HgdE &
ZAEe] 7Rahe A8 Ni-YSZ B W ZH AANi, YSZ,
7] g2 3, 2= YA BFH5 UWI?-_H
H AAES DA At uel £33l °|& quan-
titative microscopy ©|12-S F&-3t] AH3) st o3t
AT SOFCE] AA 74 & AeAste] 7 & 4
JeZ AFLL e MAF R A EAloh wRls] L
Aol gk Fef ol gk FHgl A=k AAlEE
T UL e 1 istaL ik,

2. Ay

YSZSF NiO #2& 7zt 2A 3 AP ¥ F4
millingS Sk ©1& BH7E siflch F5 A2 29
AAg 53 AT 2L FE F o] AREEt] A

Hg AZET B A7l E Nioe] %S 20~80 vol%
He el 283 77 249 BTg FH|siaieny
Ni09] 3 E&o wel M2, M3, M4, M5, M6, M7,
MRE HH3lET A= F2e 45 71 2 AFgEE
(CIP : Cold Isostatic Pressys Zaf Adslor 1400°C
AN 3AIZE FRE AT Ao Ed NiO-YSZ 5%
A ©Al 1000°C, FEEH71904 A28k Ni-YSZ &
= AT Y B 2200 co/min)e} A4
(1000 cc/minyS T3ty ZFsIF.em A)7lo] wWE AJH
o] mlM|l7z E old mE Hr1AH 24 Wals ¥ix
YA 308, SAZE 2447, 72 AREeE Bl it]
2 Al 1000°C7EA1 9] S8 25 S°C/mint =2 FET &

=} 4& rﬁ

A Fol= wdaiinh. =4 A o) Aol "o
HERe 9] Slsl $enA A Fag EIF

]
A3

T Z4zhe] AlEE XRD B44 F3
orgre-e solsigieh. o
TEE 3] & el
o] Bt A|He] U]/‘ﬂ:ru’“ Ab21e- FEk T A (Buehler)
7 SEM(Jeol, Jax8680)2 ©|&3to] oluigict, & A7
M dA FEusielr 22E& Hel i S50) A
oo ws] EA HA veRdths S ol8dle] dxti
Ni & Belal Uidch 2eh BgdnAsels YSzet
71g& Hlsdt WS vEp M2 FES717) ofe et ¢
H SEME FdlAME Nigh YS§Ze| &L dEUAT 7%
o A AR 7R 7Resiarle] 5 7l
o] =) @ B2 gt ARE Qoint. mAZTOE Ni
o] Gibke] e AEES ol&sl] BYAE &F olAT F
SEME olgsle] HoldlE YSzel HRE dojulidln. 4
ArelAE oEer M7HA WS BEsie] B *ﬂ

A8 Ni, YSZ, 7132} 27} 2 BEE 283 Witk
olel g WhgoR AL pAFE ARE Tmage Pro
3.0, Media Cybemetics, USA)Z}

How
§ akzler @Aol
FAzo) BAE AT e 3

5
e

r'c

(Image-Pro Plus virson

= ZRIPE o843 line intercept HHOE FHEAET
2RE B ZEe Z7] B B, 7 45T 4
= 8 oA HETel gk AR ARE Lotk
P Zeodo] $8 B nAlTR 24 ek e
FRIZH 30 z2AIE] Uhpslct

EA7 /‘W}Oﬂ TE Ni-YSZ 8¢ A7 1dnEd 24
F49ARE o] 8siaict Bt =oke] Aldd
7R e] 1_“—:{% Eo]3 cument source(224, Keithley)et
DMM(175, Keithleyy2 ©]-&3ked 43It A/ Ha
=7 AlFe] Age] wet 2dsdevl 59 AFRE
drlAge] FFE A 23] FHL w9 7bH 29

o
N,
do,
ol
=
_|>i

= - o] (=]
Fol MFHYG FAE “ﬁﬁ]- Hoi7l 1.V BAE 4F8F
H .0 = 1o &
188E ol 7127125 A Dol & AlEe 3
1.0 - == 21 4 Y e
FE TEsly A7IAREE AMSETY H7] Axwe]
7
| 1o007e, H. flow rate_200ceimmn || (a)
—
6 0 e e - OMT
T e O WR
E A s
2540 N —_— o gMe
o W M5
N
o S/ . - e —A e
E 44 A7
ul s e———— " 3]
;’ //. [ — — —am
3 'd
2= ™ T T T T T T T
4] 1000 2000 3000 4000
5
| 1006°C, H_ flow rate : 200cc/min I (b)
44 A__,.A— — o AmzZ
T o
= A —— O mz
@ Q-
2 44 ——-0 — e e e -0 M4
®
= S S— — P—
(=] /‘ ‘MG
%
2 -
> o M7
f-u o | - e 14
1 T T T T T
Q 1000 2000 2000 4000
a0
1000°C, A, fiow rate ; 200eeimin | (c)
254
_ /e AM8
E; ] / M7
Q 1 / I 0 —— - —0
T} SdA —
E 18 O"Q el —-OM&
@ o M5
£ o e ey
o O X-—g===" P
g a-g-—=—="0— 7 erveeirr 0 s
5 -
0 v T T g T T T
0 1000 2000 3000 4000

Holding time (min)
Fig. 1. Temporal variation of (a) Ni grain size, (b) YSZ grain
size and (¢) pore perimeter,
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Fig. 2. Temporal variation of the contiguity of (a) Ni-Ni, (b) YSZ-YSZ, (¢) Ni-YSZ and (d) Ni-YSZ as a function of Ni content.
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