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Low Temperature Degradation of Yttria-Stabilized Tetragonal Zirconia: Influence
of Grain Boundary Segregation-Induced Phase Transformation

Koji MATSUI

Y,0,-stabilized tetragonal ZrO, polycrystal (Y-TZP) is known to be an excellent structural material with high
strength and toughness. However, this material undergoes an inherent tetragonal-to-monoclinic (T — M) phase
transformation in humid air at 150-400 ‘C or in hot water, which leads to premature failure called low-temperature
degradation (LTD). The LTD in Y-TZP is strongly dependent on the microstructure formed by the grain boundary
segregation-induced phase transformation (GBSIPT) during sintering. At temperatures higher than that of the
GBSIPT (approximately 1300°C ), Y** ions are redistributed to produce the cubic phase in grain interiors, resulting
in the decrease of the Y* ion concentration in the tetragonal phase regions. Because the tetragonal phase in Y-TZP
becomes unstable at low Y* ion concentration, the T — M phase transformation occurs easily in humid air or hot
water. At a sintering temperature less than that of the GBSIPT, therefore, it is advantageous to elevate the resistance
of Y-TZP because the Y* ion distribution in the grain interiors is homogeneous. This paper demonstrates that LTD
of Y-TZP can be greatly suppressed by controlling Y ion’ s distribution. Nanocrystalline Y-TZP doped with ALO, and
GeO, which consists of tetragonal grains with homogeneously distributed Y** ions exhibits almost no LTD for more
than 4 years in hot water at 140 °C , whereas in conventional Y-TZP, 70% of the tetragonal phase transforms to the
monoclinic phase within only 15 hours. This innovative Y-TZP can be fabricated by pressureless sintering at 1200°C
that is far below the sintering temperature for conventional Y-TZP. The excellent LTD resistance in the created

material will further expand the application of TZP ceramics to many engineering fields.
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Fig.1 Relative density of 3Y, 3Y-A, and 3Y-AG as a
function of their sintering temperature.
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Fig.2 SEM images of (a) 3Y sintered at 1500°C,
(b) 3Y-A sintered at 1250°C, and (c) 3Y-AG
sintered at 1200°C.
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Fig.3 STEM image of 3Y-AG sintered at 1200°C and corresponding element map for Zr-K ¢ , Y-K a , ALK « , and
Ge-K ¢ acquired by the STEM-nanoprobe EDS technique.

Fig. 4 HRTEM image of a T-T grain boundary in 3Y-AG
sintered at 1200°C.
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Fig.5 The corresponding chemical compositions of Y, Al,
and Ge across the T-T grain boundary in 3Y-AG
sintered at 1200°C.
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Fig. 6 XRD profiles of 3Y (sintered at 1500°C) and 3Y-AG (sintered at 1200°C) treated for

various aging times in water at 140°C.
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Fig. 7 Backscattered SEM image of cross section in 3Y after

the LTD test conducted for 0.13 days. The surface layer
with a bright contrast was platinum coating.

A 72c Y-TZP OMZREDFER L —5 L 7= 019 3y
LAY, 3Y-AG TlE Fig. 6 DfEHE» 552 %
oz, HAENLZRIZ 1500 HMlz — Yy 7B LT3

Fig. 8 (a) (2. 3Y. 3Y-A Kk U"3Y-AG D f, &
=V v EOBRERT, 3YD [, 1&. Ik
AT XD, T— VY IR ORI > TR L,
T—-MMHZEEZ1IHYUNTET L, . 3Y-A K
U 3Y-AG D f, 13, 1500 H (4 4:8) WPECTZzhzh
3KV 2% TdH 72, 3Y-AD 1500 HALELEL 0D ek A
% Fig. 8 (b) IS4, WETHDEZENRHN5,
ZD X H1Z.3Y-A KU 3Y-AG 3Bk H1 T 1500 H & —
DYZMBLTEHLLEN, TRhETOY-TZP D
MEEETIZEOHEHIRER[RAG O,

4. £ =B

3Y OfGiRi(biZ, T — M MZEEZ Il 42 2 &2
E<HBN TG W e R O

FoALBERS A, ST, RV, RESRICEE I T < SR Y O
80
60
S 40
o8
20
M 3Y-AG
0 R R P
0 200 400 600 800 1000 1200 1400 1600
Aging time (day)
Fig. 8 (a) Plots of monoclinic phase fraction formed during LTD test in 3Y (sintered at 1500°C),

3Y-A (sintered at 1250°C), and 3Y-AG (sintered at 1200°C) as a function of the aging time.
A magnified plot for 3Y is inset. (b) Photograph of 3Y-AG after LTD test for 1500 days.
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