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(Y.Nb)-TZP with a composition of 80.24 mol% Zr0,-5.31 mol% Y,03-4.45 mol% Nb,Os and (Y,Nb)-TZP/Al,O4 composites were
sintered for 1 ~2 h at 1550~ 1600°C in air. Weibull modulus, R-curve, and slow crack growth were investigated to cvaluale the flaw
insensitivity of the specimen. Experimental results indicated that (Y,Nb)-TZP and (Y,Nb)-TZP/Al,O3 composites had a better flaw
tolerance than the commercial 3Y-TZP. Excellent flaw insensitivity of (Y.Nb)-TZP/Al,O5 composites may be due to the cormbined
effects of grain bridging, dispersion toughening, and R-curve toughening.
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Fig. 1. Weibull plots for (Y.Nb)-TZP and (Y,Nb)-TZP/Al,Q,
COmposites.
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Fig. 2. R-curves for (Y,Nb)-TZP and (Y.Nb)-TZP/Al,04 com-
posite constructed by the indentation-strength method.
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Fig. 3. SEM micrographs of (a) (Y,Nb)-TZP and (b) (Y.Nb)-
TZP/Al,O, composites.
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107, 10%, 1075, 10 m/sel 4842 " 7RA 107
o] NAE 4¥=T7e HPEo 2% semiarticulated 4-point
test fixtureE o]&-ste] 85} A8 3Y-TZP, (Y.ND)-
TZP, (Y,Nb)-TZP/AL,0; EEA2] constant stress-rateol] tw}
2 7=u3 4323 Fig 40) VeIt 3Y-TZR7t
TRE Ajdd] Blele] 22 PEgE ZHe olfe g B
< 2H ARgslon) TolAu B9k AJHER
T T EFAZANA ARse] 2E7ke] vhgAdo
vro slegle] AEE= Aoz ALZEHTH 3Y-TZP= cross
head speed7} 107 m/soﬂfﬂ 107 mis 2718kl el 7¢
zhe 7kl 10 m/se] crosshead speeddl]l e 7<)
& Zhwzko] FAEACE W], DeA|Ql (Y.Nb)-TZP=
stress-rate®] =71 wet Jegn AEFHos FrFEk
=y mq;mm% |25t 3Y-TZP2}: (Y, Nb) TZP2| SCG

21 ngk2 ZHZF 11, 280)4th AW O R pglo] S5E
g_ A% oﬂ tﬂ?fl Z—]C).l}\-]o] =L 718 ¢ ]ﬁ}t’i (Y.Nb)-
[ZP2] FEA T et AL 3Y-TZP B} Aridoz
Stk 2eiu, ALOE VRS (Y.Nb)-TZP/ALO;,
A9 AFlE stressrated] ERI0] A9 AT U=
-0 _Iorz]z;; ﬂt:]—_ ]t—_ ;;r.oﬂ;ﬁﬂ—oﬂ Eﬁa} ;(-]%)-A—]o] ]].%7_ =
D2 A 2ANME SCGE a7t A g AL
2 FEEGT aeEta], A 4x2F QB E (hard tissue
materials) AHE-SET] B4A] A A4 (flaw tolerance),
SCG A&/d7} reliability7} wj$- 3 2Z (Y,Nb)-TZP/

e ¥
1

(

bt

il

”’ﬁiri

=

—_
LY

O dr o

u

_0.

ALO; B3 = ¢dFRoF S (dental implant) 8 UF
T4 ZHF (hip joint femoral head) A&A)FC= AN 7}
w3 o8 2P

4.4 £

el A} o]-zc]/l-l oA A AL Zhe=
Z (YNb)}-TZP/ALO, B e A% M‘sc,wﬂ We1-
bull modulus, R-curve AHE, SCG HFE &7st] A=A
BAEZ AFREAL AL 7hedS RASIET 487,
18.59] 2% Weibull modulus®t R-curve #%5o] 25|
SGEH ol ALO; A7l 2ld AHYH 7l ¢1F (erain
bridging), #EH3F (crack deflectionys EAFIE (disper-
sion toughening) A, ALO; 4 YARFER] 7]A]4e]
AY YA randomdA BXst] Y- 7)o <%

o] AL AAS= £ (pinning effect)®t R-curve
EAe] o3 Ao FAHETY SCG A& 4% 2o
(YND)-TZP E8AE 200 siress-rate H3}e] 218k 7=
el g7t ALl QI % SCG Aol FFEUTE

f
o
o
[
~
-
i
hNG
—_

#Alel 2

o] ¥=E& 20004 % & EATY e 2|5k

) 38 7 A 1 Z(200D)



60

i

10.

11.

12.

o154 - ANz -

£ (KRF-2000-041-F00275)
REFERENCES

. M. J. Readey and C. L. McCallen, “Microstructure, Flaw
Tolerance, and Reliability of Ce-TZP and Y-TZP Cera-
mics,” J. Am. Ceram. Soc., 78(10), 2769-2776 (1995).

. I-F. Li, A. Kawasaki and R. Watanabe, “R-Curve Deter-
mination of 3Y-PSZ by the Indentation Strength-in-Bending
Method,” J. Ceram. Soc. Jpn., 105(1), 88-90 (1997).

. D. Y. Lee, D.-1. Kim and D.-H. Cho, “Low-temperature
Phase Stahility of Y,0; and Nb,Os Co-doped TZP
Ceramics,” J. Mater. Sci. Lett., 17(3), 185-187 (1998).

. D.Y Lee, D-J. Kim, D.-H. Cho and M.-H. Lee, “Effect of
Nb,Os and Y,05 Alloying on the Mechanical Properties of
TZP Ceramics,” Ceram. Inil., 24(6), 461-465 (1998).

. D. Y. Lee, D.-1. Kim and K.-S. Cho, “Mechanical Pro-
perties of Hot-pressed TZP Ceramics Doped with Y,05 and
Nb,05,” Mater. Trans., JIM, 39(2), 262-267 (1998).

. P Li, I. Chen and J. E. Penner-Hahn, “Effect of Dopants
on Zirconia Stabilization-An X-ray Absorption Study:III,
Charge-compensating Dopants,” J. Am. Ceram. Soc., T42)
1289-95 (1994).

. D. Y. Lee, D.-J. Kim, I.-W. Jang, D.-W. Choi and S.-I. Lee,
“Phase Stability of (Y,Nb)-TZP/Al,Q; Composites under
Low Temperature Hydrothermal Conditions,” Mater. Lett.,
39(4), 221-226 (1999).

. D.-J. Kim, M.-H. Lee, D. Y. Lee and J.-S. Han, “Mecha-
nical Properties, Phase Stability, and Biocompatibility of
(Y,Nb)-TZP/Al,0; Composite Abutments for Dental Im-
plant,” J. Biomed. Mater. Res. (Appl. Biomater.), 53(4), 438-
443 (2000).

. D.Y. Lee and D.-J. Kim, “Strength and Fracture Toughness

of Isostatically Hot-pressed (Y,Nb)-TZP/Al,O; Compo-

sites,” J. Mater Sci. Lerr., 19(14), 1233-1235 (2000).

D. Y. ILee, D.-J. Kim and Y.-S. Song, “Chromaticity,

Hydrothermal Stability, and Mechanical Properties of TZP

Ceramics Doped with Yttrium, Niobium, and Ferric Oxi-

des,” J. Mater. Sci. and Eng. A, 289(2), 1-7 (2000).

R. F. Krause, Jr, “Rising Fracture Toughness from the

Bending Strength of Indented Alumina Beams,” J. Am.

Ceram. Soc., T1(5), 338-343 (1988).

N. Ramachandran, L.-Y. Chao and D. K. Shetty, “R-curve

Behavior and Flaw Insensitivity of Ce-TZP/Al;05 Com-

posite,” J. Am. Ceram. Soc., T6(4), 961-969 (1993).

. ASTM Standard C1368-97, “Determination of Slow Crack
Growth Parameters of Advanced Ceramics by Constant
Stress-Rate Flexural Testing at Ambient Temperature,” pp.

Al s

B - AFE

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

688-696 in ASTM Annual Book of Standards, Vol. 15.01,
American Sociely for Tesling and Materials, Philadelphia,
PA 1997.

. H.-J. Choi, H-J. Kim, J.-K. Lee and Y.-W. Kim, “Slow

Crack Growth Behavior of SisN, with Yb,8i;0, Tie-line
Composition as Sintering Additives,” J. Eur. Ceram. Soc., in
press.

ASTM Standard F394-78, “Bijaxial Flexure Strength
(Modulus of Ruptute) of Ceramic Substrate”; pp. 446-450
in ASTM Annual Book of Standards, Vol. 15.02, Section 15,
American Society for Testing and Materials, Philadelphia,
PA 1996,

ASTM Standard C1161-94, “Flexural Strength of Advanced
Ceramics at Ambient Temperature,” pp. 306-312 in ASTM
Annual Book of Standards, Vol. 11.03, Section D, American
Society for Testing and Materials, Philadelphia, PA 1997.
E. E. Underwood, Quantitative Stereclogy; pp. 81, Addison-
Wesley Publishing Co., New York, USA, 1970.

P. Chantikul, G. R. Anstis, B. R. Lawn and D. B. Marshall,
“A Critical Evaluation of Indentation Techniques for
Measuring Fracture Toughness: II, Strength Method,” J. Am.
Ceram. Soc., 64(9), 539-543, 1981.

D. B. Marshall, T. Noma and A. G. Evans, “A Simple
Method for Determining Elastic-Modulus-to-Hardness Ra-
tios using Knoop Indentation Measurements,” Comm. Am.
Ceram. Soc., 65, C175-C176, 1932.

D. D. Upadhyaya, P. Y. Lalvi and G. K. Dey, “Processing
and Properties of Y-TZP/Al,O5 Composites,” J. Mater. Sci.
28, 6103-6106 (1993).

J. L. Shi, B. S. Li and T. . Yen, “Mechanical Properties of
Al,04 Particle-Y-TZP Matrix Composite and its Toug-
hening Mechanism,” J. Mater. Sci., 28, 4019-4022 (1993).
J.-F. Li and R. Watanabe, “Fracture Toughness of Al,Os-
Particle-dispersed Y,Os-partially Stabilized Zirconia,” J.
Am. Ceram. Soc., 78(4), 1079-1082 (1995).

K. Tsukuma, K. Ueda and M. Shimada, “Strength and
Fracture Toughness of Isostatically Hot-Pressed Composites
of Al,0; and Y,Os-Partially-Stabilized ZrO,” J. Am.
Ceram. Soc., 68(1), C4-C5 (1985).

M. Hirano and H. Inada, “Fabrication and Properties of
(Y.Ce)-TZP/Al,O5 and Y-TZP/Al,05 Composites from Fine
Powders Prepared by a Hydrolysis Technique,” J. Ceram.
Soc. Jpn., 99(2), 124-130 (1991).

K. Tsukuma, K. Ueda, K. Matsushita and M. Shimada,
“High-temperature Strength and Fracture Toughness of
Y,05-Partially-Stabilized ZrO./Al,O; Composites,” J. Am.
Ceram. Soc., 68(2), C36-C58 (1985).

K. T. Faber and A. G. Evans, “Crack Deflection Processes-
I. Theory,” Acta Metall., 31(4), 565-576 (1983).



