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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

O 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 O for 2 h, the Y* ion distribution of grain interiors was nearly uniform, but Y** ions

segregated at the grain boundaries. At 130000 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 150007

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.O O Plots of relative density in Y-TZPs as a function of holding
time for sintering temperatures of 130001 -15000] .
(@), @), (@), (J),and (J) indicate 130000 , 135001,
140001, 145000, and 150001, respectively.
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"JH O SEM images in Y-TZPs sintered at 13000 for (a) 2h
and (b) 50h and at 150001 for (c) 2h and (d) 50h.

0TzPO SEMO 0000 1300000 2h0O 50h O 0O
ooooooobobboOoooobikeouooooon
O2-.50h0000000000O0O0O0O00OCODOO
Fig. 30013000 15000 00000 YOTZPODOODO
OOobDO0o0o0OO00Oo0O0D0O00 13000000004 s5h
oooooooboooooboooobooboobooon
ozumO0000COO00OOO0OOOOCOOODOOO
Oooooooi1seooisonooononon 0.96pymO0O
oooo

OFig. 400130000 15000000000 YOTZPO
f000000000000130000000000 Oh
OcUUOoUOooUoof,01lmass0dOOooon
O000oo0ooooof,0000050h0 15 massd O
ooooooof000o0000T--CcOO000OO0O
oocoOobOboOononooooobogioeoobbOon
OO0O0ohO fO15mass0 0000000 10hO f,
000000000U0oooooooooooof.o

15

Average grain size0py mQJ

0 10 20 30 40 50
Holding timeOd hO

Fig.O O Plots of average grain size in Y-TZPs as a function of
holding time for sintering temperatures of 130001 -
150000 . (O), (@), (), (1), and () indicate 130007 ,
135007, 140007, 145000 , and 150000, respectively.

aln}

“ B!

oo

¢ NBTT dz

0 0o 0o 0o 0o ao
DPIEIOHIUINFS 1dz

"JHT 1 2WPUTIPGIDVCIDIQ I BTFGSBDUIPOLIO! - [5 5 1 TIBTIBIGVODUIPO
T7IPG 1 PIEJOHIWNFI6PSITIOUFSIOHIUFNQFSBUVSFTIPGIT [
10000° (BOEID™ OI0OOOCO™ 1

19 massl [1]

020000000

O Fig. 5 0 0 13000 0 (a) 2h O O 0 (b) 50h0 150001 I (c)
2h0O00(d)s0h00O0O000 YOTZPO TEMO OO
00000000000000000000000
O000OOOO0OO0OO0OO0OOHRTEMOOOOOOOO
00000000000000002000000
0000000000 OFig. 60 130000 (a)2h OO0
(bysohO OO0 00 YITZPOOO OO OO HRTEM
0000000C0000000000000000C0
00000000000 edgelon0 000000000
0000000000000000O0O0 TOOOOO
000000000000 TOO0TOOOOOOO
00000000000TITOO M

OFig. 700130000 (a)2h D 00 (b)50h 000000

11



5040)I3FTFBSDIIOTISFD 10PIPHZIBFWIFXI7PICO0S 0000dz

"JHT 0O Conventional bright-field TEM images in Y-TZPs
sintered at 13000J for (a) 2h and (b) 50h and at
150000 for (c) 2h and (d) 50h.

"JHI O HRTEM images of the grain-boundary faces in Y-TZPs
sintered at 130001 for (a) 2h and (b) 50h.
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"JHI O Y-concentration profiles across the grain boundaries in Y-TZPs at 13000 for (a) 2 h and (b, c) 50 h.
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"JHI 0O Y-concentration profiles across the grain boundaries in Y-TZP at 150001 for 50 h.
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Fig.130 Arrhenius plot of the growth constants in Y-TZP at the
final sintering stage. (e ) and ((J ) indicate the present
data and the data reported by Zhao et al.,** 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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