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Sintering Mechanism in Polycrystalline Zirconia: Effects of Isothermal Sintering
on Grain Boundary Segregation-Induced Phase Transformation and Grain Growth

Koji MATSUI

Microstructure development during sintering in 3 mol% Y,O,stabilizesd tetragonal ZrO, polycrystal (Y-TZP) was

investigated to clarify the isothermal sintering effect on tetragonal-to-cubic phase transformation and grain growth.

In the Y-TZP sintered at 1300 °C for 2 h, the Y* ion distribution of grain interiors was nearly uniform, but Y*" ions

segregated at the grain boundaries. At 1300°C for 50 h, although the average grain size hardly increased, the cubic-

phase areas with high Y** ion concentrations were formed in the grain interiors adjacent to the grain boundaries.

The present result shows that the cubic-phase areas were formed without grain growth, which can be interpreted by

the mechanism of grain boundary segregation-induced phase transformation (GBSIPT). In the Y-TZP sintered at 1500°C

for 2h, the cubic-phase areas were already formed, and the cubic-phase area and grain size both increased with

increasing sintering-holding time. This grain-growth rate can be explained by the third-power growth low derived

based on a solute-drag theory.
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Fig. 1 Plots of relative density in Y-TZPs as a function of holding
time for sintering temperatures of 1300°C-1500°C.
©), @D, (&), (£, and (O) indicate 1300°C, 1350°C,
1400°C, 1450°C, and 1500°C, respectively.

Fig.2 SEM images in Y-TZPs sintered at 1300°C for (a) 2h
and (b) 50h and at 1500°C for (c) 2h and (d) 50h.
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Fig. 3 Plots of average grain size in Y-TZPs as a function of
holding time for sintering temperatures of 1300°C-
1500°C. (O), (), (&), (£), and (O) indicate 1300°C,
1350°C, 1400°C, 1450°C, and 1500°C, respectively.
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Fig. 4 Plots of cubic-phase fraction in Y-TZPs as a function
of holding time for sintering temperatures of (O)
1300°C and (L) 1500°C.
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Fig.5 Conventional bright-field TEM images in Y-TZPs
sintered at 1300°C for (a) 2h and (b) 50h and at
1500°C for (c) 2h and (d) 50h.

Fig. 6 HRTEM images of the grain-boundary faces in Y-TZPs
sintered at 1300°C for (a) 2h and (b) 50h.

Y-TZP DK wHi 72 7 7 4 L &R, Y O,
(@) & (b) O OKIK THBICEE S hiz, fER
ND Y0, I#E 1%, (@ KU (b) &3 1.7 ~ 2.4mol% D
HHHNTH O THOREIZHIET %, BUIZ, 2TOT
~TRFAT Y 2349 10nm BUF Ol TR b LT
52 Enom oz, ORI, Fig. 6 OB & —3K
§ %, 50h THERS & 7230k Cid, T-TRA L Bk
=Y O 7 e 7 7 A L Blig iz (Fig. 7(0).
ZOHr 7 7 7 A, Y0, HREE D SO Sk &

COAESROBER 2 KM L T 5 728, Z O Rk
ZC KO THBICEXR S hRR LB 7 (C-
TR, 1300°CTIE, £ IXREFIERI O BN & Ho B
k4% (Fig. 4), 2D &5 1300°C TIEEIERH %
2—=50h "B E 5 &, T-TRAZFTEL C-T
KRBIR I NS Z LM B2 E 57,

Fig. 8 12, 1500°C-50h THEfE & £ 72 Y-TZP DX R
BHETOYRE T 7 7 4 L ERT, BEHRT, 1500°C
-2h THERE X ¥ 72 Y-TZP 123, T-T KU C-T R
PHEL TV Z &ML 2", R A
2 — 50h ~HHI$ % &, T-T(@@) KO C-TH R b) 72
FThL, ThoDRREIZEE 57 Y Ol 7 1
T 7 ANERT AR () BIZE I/, Fig.912.(0)
1269 %5 HRTEM 18484, ZOmHir7e 7 7 4L
EL B Y0, IRIE 2 B e B SR O B A M L C
WADT, CRUCHBORAFIZRE X7 (C-C
KR, ZOC-CRAD Y @I T-THRAXD
DA< MR THE L7z 8mol% Y,0, ZiEL
S & ZrO, (Y,0, - Stabilized Cubic Stabilized ZrO, :
Y-CSZ) LIEFERIUCTH 722,

[3] R IEERFT

Fig. 10 {2, 1300°C- (a)2h & U~ (b)50h & 1500 °C -
(c)2h K U* (d)50h TR & & 72 Y-TZP ® STEM 1% &
ZHNIZHIDTAY-Ka KO Zr-Ka ¥y ¥V 78 %R
¥, 1300°C-2h TiE, Y-Ka~v v 7 (@ lZmt &
FEERIND Y B A0IEIEY —Ch 572, Zr-Ka 7 v
T (@) & It B L TED . Y-Ka~v v 7 ()
DFERE —F L 72, Fig. 7(@) 24 & 512, sk
D Y,0, I THOHMEIZH 52 DT, ZDBERE&F
TiE. EEROKIB L THTH S, 1300°C-50h (Y
~Ka~v7 (b)) TiE. @Y BREFUS AR R B %
T AREERPNAFIEL Th D KRR ZEH 2 5K

12 12
(a) (b)

10 f

=
(=}

o

[Y203] (mol%)
~ o

[Y203] (mol%)
(7]

Do

0

N L AW N s

12

10

[Y203] (mol%)

0

-5 -10 -5 0 5 10 15 -5 -10 -5 0

Distance from grain-bonudary (nm)

Distance from grain-bonudary (nm)

10 15 -5 -10 -5 0 5 10 15

Distance from grain-bonudary (nm)

Fig. 7 Y-concentration profiles across the grain boundaries in Y-TZPs at 1300°C for (a) 2 h and (b, ¢) 50 h.
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Fig. 8 Y-concentration profiles across the grain boundaries in Y-TZP at 1500°C for 50 h.

Fig.9 HRTEM image of the C-C grain boundary in Y-TZP
sintered at 1500°C for 50h.
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Fig.10 STEM images, and Y-K« and Zr-K« mapping images by STEM-nanoprobe EDS method,
in Y-TZPs sintered at 1300°C for (a) 2h and (b) 50h and at 1500°C for (c) 2h and (d) 50h.
The white broken lines in the mapping images indicate the grain boundaries. Bright parts
in the Y-K« mapping images correspond to regions with high Y** ion concentrations.
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Fig.11 Scheme of the cubic-formation mechanism in Y-TZP during isothermal sintering. The gray
parts of the grain-boundary indicate segregation of Y** ions. 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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Fig.12 Plot of D® against holding time in Y-TZPs sintered at
1350°C-1500°C.([)), (&), (<), and (O) indicate
1350°C, 1400°C, 1450°C, and 1500°C, respectively.

Each straight line was fitted by the least square method.
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Fig.13 Arrhenius plot of the growth constants in Y-TZP at the
final sintering stage. (@) and (O) indicate the present
data and the data reported by Zhao et al.,!4 respectively.
The solid line indicates the straight line fitted by the
least square method using the present data. The dotted
line indicates the straight line that is extrapolated from
the solid line in the present data.
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