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IA) AsfAZ Bol AMEHE olEFolR <PPshe Y8 (cubic) NEIYole] 71AE HEE IFAF7 S8k, dAHY
(monoclinic) XA 2FVoHm-ZrO)E YEE AZFolE P& o|Egole}l A=Fole] B 7|AA g PIAA
Z7] 9% EFIUE Yag(Y5AL0,9)Z9] Fel2 H/1sl, & Jelz2 A7 o|Ezjole} duur) b XE3yol 44
Ao NAA, ANA EA X G AN 17.8 wi% Yag(6.3 mol% Y,05)7F 2718 29 7214 L 362 MPa-
m'?, B E 447 MPaZ 8 mol%2) o)Ezjolz ASIE X ZIOHTZ8Y)S) 1.44 MPa - m"?, 270 MPaoll ¥l3ke] 71412
Exo] @R Ao, 950°C, B71E71IM ANHAEEE 0057 Q'em'E TZ8YO| B3] b FEZ sropgon,
21.6 wt% Yag(8.0mol% Y,0;7} B7F8 79 B2 293 MPa - m?, H7beE 388 MPas TZ8Y Hl3le] ap4
593, A/INEEE 0076 Qlem 'S UERIRLT

ABSTRACT

Attempts were made to improve mechanical properties of zirconia-based electrolyte by preparing yttria-stabilized cubic zirconia/
alumina composite. It was performed by precipitating Yag precursor in aqueous m-zirconia slurry. The powder was separated and then
followed by heat treatment with expecting yttria to react with m-ZrO, to give yttria stablized zirconia and alumina to be dispersed
homogeneously. When 17.8 wt% Yag (6.3 mol% Y,03) was used, fracture toughness and strength were substantially improved from
1.44 MPa-mV and 270 MPa for TZ8Y to 3.62 MPa-mU2 and 447 MPa, respectively, but electrical conductivity at 950°C in air was
decreased from 0.126 to 0.057 & 'cm™". It seemed due to the presence of small amount of tetragonal zirconia. But when 21.58 wt%
Yag (8.0 mol% Y,0;) was added, fracture toughness of 2.93 MPa- m"” and flexural strength of 388 MPa were obtained with electrical
conductivity of 0.076 Qlem™.
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o} 60°Ce] FF<rol formic acidE YAF IHAvisha, »
¥kS A|F1AA aluminum butoxideE YA A7IBINT o]
o] Byj7t oF 1282 & "71A] 60~80°CE 7183 U,
Fo] RulE FA3e] & FHY P G ALt
gk, olFHA Fule gl formic acids A% HUNskT,
Yag 249 W o|EZolE 4FH Hrlste] §do]
A Wrix) ZWAFIOZH Yag 2A 9] F& TSI

TZOY(O mol% Y,0s;-A 23 Yo}, Tosho Corp.) #Zl
FAHE &L 17.8 Wi, 21.6 wt%, 264 wt%e] HI&Z H7}
3t 717} 6.3 mol%, 8.0 mol%, 10.4 mol%d] ©|Egje} %
Aoll, oJB o] LFuhZtz}t 7.6, 9.3, 11.3 wt%l S
S-S 240 =HA ES F, H2 gEYE AMRE)
o] pH 9.594 FAAZ th RS A, HARAA 98
B Az Az EoollA 7188 AAS] 9
3l 950°CollM 4A|ZF B} dta it B H|ZE ¢
3t H|3 A]|E(comparative sample)= TZ0Y®] Yag &%
21.6 wi% H7F AR TU7 /3ol HA TZRY &%
B\ (AKP30, Sumitomo Chem. Co)E 713 & Bz
Az L AA AZSAT o1FA AzxH EUEY] Y
AL FA 7] A5t 1 wt% PVAE ball millE 73
T fE3 AE ]8435t granulationg A1l T die
pressoll Al A=A HETE ABAE 1450°ColA] 3gAE
slo] gFry- X230} BRI E A2t

AzE AE] deE 2 olZT MUy os s}
A, Aol Wge Xoay diffraction(CN 2015 Rigaku,
Japan)& o]&3le] EA3He}t. v FRE SEM(S-2400
Hitachi, Japan)& ©o|-8-3l% #A3IG . #HAAL Ad7d
=3 9 IFdez E3iglen old Qg X|= Charles
o} Bvans Ao AAEHALH'? B es 3X4X40 mm
AlEE span Zo] 30mm, 22 = £% (.5 mm/min
o} F7 LS 2 3-point bending testl] 23] 73} AlH
o] A7|AEEE AF 4 GAPEE o83t A3 A

He oF 25X25X20mme] 72 F8|F F AW Y=
e WF pasted A3l WFNE FAFoRHA AR
TR 7 A STk A" el 9] HeE ke Al
o] ¥ EL2RE o 5mm Hoi X BAMo| VA
L o] 9E4E e F 3sislen, o] i MFds
Hotr Al WMFHe] HES AR Al A7)
Arres 371 B97194 1100°C7H] &=8 &4 ¥
850°C7H) =& WA ARAFIFEX (Keithley 224)
<} HEJUE| (Keithley 2000)2 AR&3l] =3 31%Th
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£ A7 AEY B & A S8 f1EE A
Ast] 9% sk HFL AAk 'Y 21.6 wt%2] Yag
Zo] H71E AT A$ 450°ColA skAEE 1450°ColA
2ZA 7.8%2 FEEAo] FREEIA O, 950°CelA B4
& A9E= Fgio] 37%E 7AASEL, A UEw
747} 547 glem’ 560 gem’ S E 950°CAA AT AS
7t S8 &8 UK AlHe Afolle 950°CellA] 4A17H
T A% O 27 T ARE NEFYo}- YR
U E3HAe] UEE Table 161 YeERASITH 2+ AJHS
1450°Coll A AAAIZRE 308, 1A7E, 27172 WHelAA
A Z3901, Table 19l HH o] AN 2Z4€ AlHY
De2 el 21.6 wi% Yag o] H7kd AlHe] 7
Sl YT} 5.60 gem’E 2 A4S 71 ¥l AJHe)
558 g/em’ Bt} B2 UEE Ho FQloH ols 22 F
g3k Eate] A¢ YSZZY solid solution WHg-o] -8-0|3}1A
Yoh} AAAE YETy Algdch? TZ8Y Buwke
AREE A9ole 2 WE o] 999 TD%) o|lER A%t &
A e 2 71AA AxEe =4 god, of EAle Hd
A oAl AFERA

Table 1. Sintered Densities of Various Zirconia/Alumina Com-

posites
Sample(Yag wt%) Sintering Density
. 3
Y,04mol%)  ALOswt%) | Condition (°C/) | (gfem’)
Reference (TZ8Y)(0)
1450/1 5.89
8.0 0
Comparative (21.6)
1450/1 5.58
8.0 93
Sample 1 (17.8)
145072 5.65
6.3 7.6
Sample 2 (21.6)
145072 5.60
80 9.3
Sample 3 (26.4)
145072 5.46
104 11.3
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Fig. 1. XRD patterns of various zirconia/alumina composites.

Fig. 1> TZOY B2l Yag & #7138 AJHe] XRD
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I GFEE Fo R o]FoA UtE el E F UNon,
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2 AIEETh Fig. 22 1450°CollM 2417+ 223 A9
EHE A Avld F thermal etchingS AA1EH o2 w)
HZ2& SEMOE #27 Aot ZHARIN He 7
B g2rjoly ¥ REe A=:ololt}. 21.6 wi%
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Fig. 2. SEM pictures of various zirconia/alumina composites
prepared with Yag sol of : (A) Comparative (0 wt%),
(B) 17.8 wt%, (C) 21.6 wt% and (D) 26.4 wt%.



mAZFUol} Yag E2HE] A=3Uol AshE A= B B4 837

Table 2. Mechanical Properties of Various Zirconia/Alumina Composites

Fracture Toughness (MPa - m“z) 1.44 + 0.07 202 + 0.12 362 + 008 293 £ 002 227 £ 018
Hardness (GPa) 12.30 = 0.21 13.18 = 0.17 13.46 = 0.11 13.40 + 0.29 1240 = 0.11
Flexural Strength (MPa) 270 = 16 266 + 33 447 £ 24 388 1 48 348 £ 34

EHE 7MY & ASE JAHH, olx 264 wi% Yag E°]
H7ra Al piM 2 AR A7)} 21.6 W% Yag
o] H7HE A HeHT) FgoE APE 4 Ut
Table 291= Z+ AlH9] 7IA1H E4& 2% A3 o
B ok 71AA 24 Zh sy EAElgen, 1
e AMSSIRTE SFRVUE BUE F718E vl AJHe
A% BHAAL 2.02+0.12 MPa - m"’E &5 TZ8YS] 7
©9] 1444007 MPa - m'"? Bt} H29140] A el
ol XE23Yole] QJuidd XIS LRt A AE
AAgro 2R dojus 32 HoRAY. £2 HUR A%
NE 17.8 wt%(6.3 mol% ©1E&ohe] Yag Zo| H7ld 7
©7} 3.62+0.08 MPa * m'"’ 2 71 & HI4e BAF
Rom, HrtE Fof Yol FrIg wet 21.6 wi%A =
2.93+0.02 MPa * m'?, 26.4 wi%A1= 2.27+0.18 MPa - m'”
2 gFAel Zhdle AL & F J=d, ol 2 ¢
Zuute] ool FEFL wke Ao g HIUEES Eolr] Y%
d2ute] kS o gwi%rt S Aoz wolrh vy
02 Az ¥m AR FAFL 202+0.12MPa - m'?
2 249 vbA 216 wt% Yag £ A7ksk] e Ao
2 AZ3 AT A9 293+0.02 MPa - m"*82 2AH
o} oF 50% A= HHUAo) IR RS & & en,
o|RE Hr} FUF MR 7%y AAZY, B
o] FH JFe F2 U AxEE & Ao] glo] 123
~13.5 GPaoIUt}. 7P wAIAde] F& 17.8wi% Yag &
o] A7ka AlHe] B4 tyskEHel ogt dHAAdL 323
MPa-m"?02 IFgel| o8] 249 3.62MPa-m'] 73}
AR SRR E HAFUT F)7 ke 17.8 wi% Yag
Zol A7t A$o] 447x24 MPaE & TZ8YSH Bl A
He] ¢ 270MPa Hr} oF 65% AAE] FHEHUSS ¢
F Ut Ao w E3% Loy Bdo] wadw &
Aol 7ldEA 53 A o TZRYEY &2 2 &3
Aol ml¢ 53] At A o RE 999TD%S] WEE
HOFEEE crack origin® 2 288l 7]39] o] ofg- F
o TZ8Yd LFrivt BHE AN B $9 A9 2e 1
TS BHoFIriy AlEHT. e} &8 AUl &
A3 oM F2E FE3 ASole Yag 9 H7MER) 178,
21.6, 26.4 wi%Z F713e wet fAFE, AL H 73
57} o] Zasle e HAFL ). olzjd Axt
+ Yttrium acetate®} aluminum isoproxide®] Y¢E &oo

Table 3. Electrical Conductivities of Various Zirconia/Alumina
Composites at 950°C

Mole% in YSZ Electrical
ALO; o
Sample Conductivity
Y203 ZI‘OZ (Wt%) (Q_lcm_])
Reference
(TZ8Y) 8.0 92 0 0.126
Comparative
Qlewiw) | o0 92 9.3 0.104
Sample 1 6.3 937 iy 00565
(17.8 wt%) ) . . .
Sample 2
(21.6 wt%) 8.0 92 93 0.0756
Sample 3
Q64w | 104 | 86 | 113 0.0740

ZHE FA3 Yag 2EL HE e APHY X233y
ole} E33l) WA A=Fole HFULE FIANZ
4 AATHE Sumitomo Chemical ALY E3{9} 7+e A3}
o]q'm

ZF Al A7IHEEE sl 2 A5 Table 39
e Yag £ o83t Alzd AlHLS TZ8Y ¥
B Ego g Alzd vl AJHe] Mr|HEwe)] Hia) tii
2o 7S eI 21.6 wt% Yag £ Hrlsle A¢
950°C, F71E-¢71elM 9] HAridesE &F TZ8YS A7)
AT® 0126 Q'em’e) oF 60%1 MFsH= 0.076 Q'em’”
& HoFglon, 72 29| Hla AlHe] FHRole o
TZY H=%o] 86%%1 0.104 Q'em™E VR 72
& EFHU 93 wi%)yE IS d Yag L o83l
Azg AEY A7HE%rt @A e d42 Fig 2
Mgl o] & olgsl ABEL AT AS A7 F
< Fort A 2 Yuiel] 27 go] EXHo) 9lo]
&S F7MA ANAEESE ZAATE Aog oA
o} A7]Axe] g 843 uxl= TZ8YS A o
0.82eVE FAHUoH, dFuUE EU= 93wi% A7}
g A$ oF 0.84eV, Yag 2 LFUIUE HIE Agole
0.87-0.92eVE YUER} Yag E2 A8 A9 dA 2
o] dajz sl A4 X7t v Frske A
S HAFAT HH Yag E Hrl) 2 HArAER
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HSHE HHEH 17.8 wt%, 264 wi%, 21.6 wi%E %}7}-%*

& Z71 A AAEEE 0057 0.076, 0'0'74&2 em’!
2 H3lEAh 17.8 wi%d] Yag £ HU1R Agole A
Wy xj23Lole] EA2 <l 7P‘J $@$e OI%EEE%

BAFE QAo ALRYH, 21.6 wit%S} 26.4 wi%e] Yag &
< HArtelg o AZHAEETt A &3 AL A 23y
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Yag &5 o83l ALO;S WA Y3 £xAY
S 2A YSZ/ALO; %iHM NAA =g e F
Al ANHEES AT T W78 7Idsiiod, 48 2
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AN 7171 A AEEA DA 2ol Yag 28 A
7kt 22 ez dFrUrt BikE AWAE A 230}
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1. Yag 9] Fej2 H7Ist o|Erlofs A AE23Y
oHTZOY)} solid-solution ¥H-2 8-0)3HA] 3} YU E
Azsivol & FA3IaL, 2EE I 9% ol de
i IEE 9L F .

2. 9 HeE Hrigt dFvive £9E Frisid Az
H v ARG uAElal FUsH B4 21.6 wine)
Yag E& 713 AHe AS HIAEE vn A
H7FE 266233 MPaz} #3914 2.0220.12 MPa - m*?e] 1)
8 A3 dE FAHAGE 388448 MPazt Q1A 2.93+
0.02 MPa - m"*& WE}LH%IE}
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