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Abstract The phase stability of tetragonal phase in Y-TZP was investigated in terms of the distribution of
grain sizes and heat-treating atmosphere. Y-TZP with various grain sizes were prepared using duration time at
1600°C as experimental parameter. Accumulated grain size distributions were built from the SEM micrographs
and the amount of tetragonal phase were measured using XRD. Both results were compared to determine the crit-
ical grain size before and after heat-treatment in vacuum. The critical grain size drastically decreased compared
with the small increase of average grain size due to the autocatalytic effect which critically affects the tetragonal to
monoclinic phase transformation. After heat-treatment in reductive atmosphere critical grain size relatively
increased due to the stabilization of tetragonal phase. The formation of oxygen vacancies during heat-treatment

was ascribed to the increase of stability.

Keywords : Tetragonal phase, Critical grain size, Autocatalytic effect, Reductive atmosphere

1. M

rhu

Zroell 2~3mol% Y,0,5 A7lsl] Adspd A
W Afo] ARoll7lA] FR|E= Y-TZP(Ytiria-stabilized
Tetragonal Zirconia Polycrystals)?} $1e#1c}. o]
Y-TZPE= -&3r7] A} ol(stress-induced phase
transformation)2- <18l 7= 2 Ao} SAHE A
o]7}3} Afell 2 (transformation toughened ceramics)
= Agfze] #HAS A 5 Qe ool Ha &
< A7} A= gD oo} 2L 3 {7
A o83t s M aE Axs] Sl

*Corresponding Author : [Tel : +82-54-820-5886; E-mail

360

T AkeolA ERPgAR] AWAARS odofok =d], of
7l Y,0,°] ek 2k 318} 2494 849} 710,
2] IR} =79} 2L w24 847} 2F Fas
Reg ofex] ot 718 2R Al FdeluA A}
o] @ Wyeix] A2 Q) Ao R Ak
5 glo}. Y-TZPE= 100°~400°ColM dxjelst A-$- =}
oz Aol TAY 02 0] Akt o]} dojuf
W Fodo] whsle] Z|AE o] FA43] AsiEE
ol glr}h ol FARE A A F(low
temperature degradation)e]e} 3P ]2 <l FxA®
20] S-8of W2 AghE Nk ok o] 2RE A2

: tichung@andong.ac kr]



k=719 G FA7] el whE Y-TZP M) A wigt 361

Sl Mlgp 2ol A] Fubgake] g slEr) oo &
A4 78 9 S8 w9 F83e o 4 Q.

T} ofol & 9ol] ol HYIAIR AAT) Aot
sl oj2HE Ad kA A A2 o}
E 9% s AeE 48A B b Aas
oFol& < FAe} fAlelA A 23] o)e) &=
N7e] 025 X|#hsle] 7|4 FAS FA817] s
AbAEFo] A Ee] Veh e E92 o=l 9ld.
Tt o]eidt AR B4 o wNFE HEpE A
uA A 2amole) APl uix|E ikl wig
A7 o2 Al vlE) BE55 el o)) &
4 7FsAdel W8 AF% F83 ZloE dddd.
=3 B9 E o83 Q3 uhge A9} B
715t ©927] Wil 7|E FA| HLo] Lolgt A
A% S ZoeZ gk

wEh] B JFo M B sAel v,0,9 g
2 2 mol%E TAAT] F Y-TZP] ARFEAe 1)
2 v 24 Y 291719 oJeke delrr] ¢3}
of, &4 A7 WSE FFUAl=)7} O 224
£ Az3id. =3 290712 delsied IAEsk
or, ojuf ekl dAYAR=7|Y] w3 2 A)AH
E43¢] wislel] w8 A3l

2. Al

2 AR ARSI BEE R 2Folel| kA3
A2 Y,0,7F 2mol% A7} TZ-2Y(Tosoh Co.,
Japan) ¥H=2A, o5 HF YAA7|E 0.3 um,
AR =)= oF 250 A, Bike] w|FEaIA-e o
16 m¥/gelle}. Y-TZPE= F2 Y,07F 3mol% &7}
H A7 g2, & AddME U e
ARl AR T A Afele] Abdele x4
< 97 S8l TZ-2Y g AMgsigdt

TZ-2Y U85 2E 127mm 953 22 15
MPa §t¥ oz 13 A3 o]F =l < 150
MPa] §}8e2 357} Apgl A3sie] Ad=r)
o 47%0 AFAE Aot ol#dt AFA L A
1400°~1500°C 2742l A X 3= |9k, Abde]7}
e 4 gl YRR AF &FAE Axs)
7] 918ke] 5°C/minZ. $&3kd 1600°Col|l A 1, 4,
16, 20 28]3 25h A48 F 10°C/minZ 1§23
o 284 BES AR F, 6um, 1 pm HololE

= dupA R a4 delgk F olF ] FAAM
1400°C 2417F GF-A18le FAPdAER] 7o E w4
ZA& WA 471M ZF Al 10007 o] 4}
2} Al dis) Schwarz-Saltikov BP0 o] £-3}0d
qAl=7| BEE F3igdc). 3 XRD ¥4 AR
FE] AT Al Bl v)Es de] A
oAb =) Fxe) vimghewA A <A}
of "ast Hd Y= A= E 43
et olFA A A=) wlwsle) YAl=r) W
Blof] w2 el Hgsl=S Eelslaa sigint.

27 F 37 F A23dele] AR HEE &
o3l ¢sl XA 3]A7](CN2013, Rigaku, Japan)
9] Cu K, A& AHE3le] XA AHBA . o
o 7k5 A 40 kV, AFE 25 mAlitt 3d
THZ 20=10°~80%014 s3le] z23]ote]
48 A Q55 FlEgen, ARFE 20=
27°~33%l|A] step scanning modeZ. 0.02° step>E
5 sec?] 7102 3] BAEle] A EL
Ao} (1) 7=} =L (111), (1) FEZHE
Ao FAFEG. ol 3 HEAEEF Garvie-
Nicholson®]-&-'" 243t Toraya$2]'? Aol 2-85)0]
APk RElEES A A 2976
o AR QRS vlwsly] $3le] XA A
A FYE 2FAE AFEQARAA 1300°C,
1500°CellM 2212F 2] EAjeleidet. ol Alg=t
o 5X107 mbare]Ho}. EZE 20 =72°~76°] A
0.02° stepE. 10 sec B3t AAIE] R s Q)
e (4003 7d=2k AR {400}, (004) 7F=2)
Fel=5E vt 9 S Edoh ol XA
=39 YAE Si BF ARE AHsle] BA i)

u) A} Hulsl Al#Hel i3] Vickers Indentation
(1900-2000, Buehler, USA)S 53] o]t 333}
A= 2 FAFINAE A%t o]d A= D QX &
AL 918 152 204 NO& sjgc). w3 s
£ 100 pm/seco] L FAIZEE 15 Zolglt. Th=el
AR (K, )& Vickers Indentation¥t ¥ $+&E(22) 2
w42 Ze](20)F 33l Niiharas-o] ' Algkat 4]
S ol &3led T3l

I

3. 2

1}

b=}
kd

% 12 9B g AYAE 1600°CNA 243}

Vol. 13. No. 5. 2006



362 el - kg - 423}

100 F =t
ey
./0/7A
R ./A .
6 80 |- /A/,'./
= o/
= /.
.0 A
2% s
k7] e
S ol /A/
3 7
g /
35 /z '
E 2r /" —e—16h
8 Ve —4—20h
< o 25h
ok o7, ] 1 . 1 s
1 2 3

Grain Size  (um)

Fig. 2. Accumulated grain size distribution of the Y-TZP specimens sintered at 1600°C for various times.
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Table 1. Volume fractions of the monoclinic and
tetragonal phase in Y-TZP specimens sintered at 1600°C.

sintering time  1h 4h 16h 20h 25h

V, (vol%) 3 3 11 63 9%
V (vol%) 97 97 89 37 6

Table 2. Critical grain size of the Y-TZP specimens
sintered at 1600°C.

16h
237

20h
1.4

25h
0.48

sintering time

D (pm)

Table 3. Volume fractions of the tetragonal phase in Y-
TZP specimens sintered at 1600°C for various time and
heat-treated at 1300°C, 1500°C for 2h in vacuum.

sintering time 1h  4h 16h 20h 25h

V,(heat-treated at 1300°C) >99 >99 94 52 25
V (heat-treated at 1500°C) >99 >99 98 89 3]
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Fig. 3. Critical grain size of the Y-TZP specimens sintered at 1600°C before and after heat-treatment in vacuum.
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Table 4. Vickers hardness and fracture toughess of the Y-
TZP specimens sintered at 1600°C for 4h and heat-treated
at 1300°C, 1500°C for 2h in vacuum.

Heat-treatment  as-sintered 1300°C in 1500°C in
vacuum vacuum

H,/(GPa) 115+03  11.8+02 11.8+03
K c(MPam'?) 117£12 117410  126%1.1
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Table 5. Lattice parameters and tetragonality of tetragonal phase in the Y-TZP specimens sintered at 1600°C for 1h and

heat-treated at 1300°C, 1500°C for 2h in vacuum.

Heat-treatment a(A) c(A) c/a
as-sintered 5.0985 £ 0.0006 5.182140.0004 1.0164
1300°C in vacuum 5.0974 +£0.0001 5.1821 £0.0004 1.0166
1500°C in vacuum 5.0970 +0.0004 5.1814+0.0011 1.0166
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