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Phase-transformation mechanism in yttria-stabilized tetragonal zirconia
polycrystal: discovery of grain boundary segregation-induced phase transformation

Koji MATSUI

Microstructure development during sintering in 3 mol% Y,0.-stabilized tetragonal ZrO, polycrystal (Y-TZP)
was systematically investigated in the sintering-temperature range of 1100-1650°C. The density and grain size in
Y-TZP increased with the increasing sintering temperature. The cubic phase appeared at 1300°C and its mass
fraction increased with the increasing sintering temperature. Scanning transmission electron microscopy and
nanoprobe X-ray energy dispersive spectroscopy (EDS) measurements revealed that the Y** ion distribution of
grain interiors in Y-TZP was nearly homogeneous up to 1300°C, i.e., most of grains were the tetragonal phase, but
cubic-phase regions with high Y** ion concentration were clearly formed in grain interiors adjacent to the grain
boundaries at 1500°C. High-resolution transmission electron microscopy and nanoprobe EDS measurements
revealed that no amorphous or second phase is present along the grain-boundary faces, and Y** ions segregated
not only along the tetragonal-tetragonal phase boundaries but also along tetragonal-cubic phase boundaries
within a width of about 10 nm. These results indicate that the cubic-phase regions are formed from the grain
boundaries and/or the multiple junctions in which Y** ions segregated. The author has named such a new
diffusive phase-transformation phenomenon that occurs from a grain boundary as “grain boundary segregation-
induced phase transformation”. The grain-growth behavior is probably controlled by the solute-drag effect of Y**

ions segregating along the grain boundary.
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Fig.2 Model of the T-C dual-phase structure in Y-TZP.
The white and gray grains represent the tetragonal
and cubic phases, respectively.
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Fig. 3 Temperature dependence of relative density and
average grain size in Y-TZPs: (O) relative density;
(@) average grain size.
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Fig.4 SEM images in Y-TZPs sintered at (a) 1100°, (b) 1300°, (c) 1500°, and (d) 1650°C.
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Fig.5 Dependence of the fractions of cubic and tetragonal
phases in Y-TZPs with sintering temperature: (O)
cubic and (@) tetragonal phases.
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Fig.6 Conventional bright-field TEM images in Y-TZPs sintered at (a) 1100°, (b) 1200°,
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VR

STEM images, and Y-K« and Zr-K« mapping images by STEM-nanoprobe EDS method, in Y-TZPs
sintered at (a) 1100°, (b) 1200°, (c) 1300°, (d) 1500°, and (e) 1650°C. The white dotted lines in the
mapping images indicate the grain boundaries. The bright parts in the Y-K« mapping images
correspond to regions with high Y% ion concentrations.

Fig. 7
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Fig. 8 HRTEM images of the grain-boundary faces in Y-TZP sintered at (a) 1100°, (b) 1200°, (c) 1300°,
(d1) 1500°, and (e1) 1650°C.
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Fig.9 Y-concentration profiles across the T-T grain boundaries in Y-TZP sintered at (a) 1100°,
(b) 1200°, (c) 1300°, (d1) 1500° and (el) 1650°C.
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Fig.11 Y-concentration profiles across the C-T grain boundaries and HRTEM images of the C-T grain-boundary
faces in Y-TZP sintered at 1500° and 1650°C. (d2- @) and (e2- a ) are Y-concentration profiles sintered at
1500° and 1650°C, respectively. (d2-3) and (e2- ) are HRTEM images sintered at 1500° and 1650°C,

respectively.

o, WK Ry -8 TZ-3YZ'L—F) O
IR T, InmAREE OWE TY* A & i fdr L T %
ZEEMELTCVBY, ft-T, ZORE TR A
TWAEI 7 a7 7 4 LOREEIZ, HRBAROY O
FHfwir N EZ IS L ChwbEE16h3,
B AR G % 1200~ 1350°C DS FEPH Tk
HIFR RO % v 2 REIZTET L. s+ O &
R 5, HHIOYIHERS TdH 51200C T, +
v VREREFET L TR, IR OB -
NTns, v 7 EOETIZHES T THYMER T
DFERNEFIZ1100CE D B K& < k5 (Fig.6 (a)
—()). KT TOY 3 mdIEIEY—CTH b (Fig.
7 (b)), KFICY* DR E — 2 BER LD 5
(Fig.9 (b)), BEARSIEEEAN1300°CISA B L, F v 7K

RIZGETL TR, WK TOIEL I35k 5 iE50K
THBREN3 (Figs.6 (b) KUM2 (b)), &k
TOPEBTIRYHIIZIEY —ISFAEL T 328 (Fig. 7
(€)). KFHEHEITIXY> DT Y — 27 A HBIC TR &
N3 (Fig.9 (c)).

—J7 . BERSOH 2 S % HERE TIE, YO R RR
W72 T < TCILEHAERE R K Z 5 . Y-TZPD#
s D —EBIE . BEREIELIE ORI P > TR AIC
ETHBCHIZA S, YR RmbT LT3 5T
YR A END T, TCHLBHZA RN R &I D
GO Thd D . CHMAEIIENIZRE T 5 Heksi
RS B & YREOEWRIR KUY X ZH b
2 5 T—CIHHZRRITE Z b, CHMAER LIGD 5,
ZOWEEX =L, ThETITHBEIA TS



WY —F2E - Bl S554%  (2010) 13

Cubic region

Vavila

Segregation of Y*" jons

Segregation profile
GB GB
(a) (b)

Initial stage
(Temp. ~1100°C)

Intermediate stage
(Temp. ~1300°C)

GB GB
(c) (d)

Final stage
(Temp. ~1500°C)

Final stage
(Temp. ~1700°C)

Fig.12 Scheme of the cubic-formation mechanism from the initial to final sintering stages in Y-TZP.
The gray parts of the grain-boundary indicate segregation of Y°* ions. The white and gray regions
of grain interior represent the tetragonal and cubic phases, respectively. GB is grain boundary.
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