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ABSTRACT

By using commercial zirconia powder Ce(;-Zr(). ceramics contaning 8-~ 16 mol% CeQ, was made by heat
treatment at 1350~1550C for 1~10hr. The minimum amount of CeQ, for obtaining complete tetragonal phase
was 12 mol%, and in the {etragonal phase region fracture toughness of Ce-TZP was decreased with increasing
CeQ; content and the maximum value was obtained when 12 mol% CeQ, was added. The bending strength goes
through maximum at 14 mol% Ce0,. Fracture mode of Ce-TZP transformed from intergranular to transgranular
fracture with increasing CeQ, content, so the morphology of fracture surface of 16 mal% Ce-TZP was wholly
transgranular and this tendency was independent on grain size. The crystal structure of the 12 mol% Ce-TZP

was monoclinic with fringes along the grain boundaries which are lying in the particular plane from the TEM
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observation. The chemical composition of the sintered body was homogeneous as a whole and some amorphism

or air pocket was observed at the triple junction.

LM 2

Aeke) 2o 4 M%Hoﬂ o3 Az A FEA S

A TES AREde Boel s T Feladlend
ol F4-35t7| flgt °ﬂ.‘r7} FuksiA APz ogich 4
ol A FabA A (metastable phase)sl AubA K=z

o}{tetragonal zirconia) & Z#sly £AA7} F=s 7
FolAe] oh Schp £ o)l sz ElAle] edle]
g 94 787 T (toughening mechanism of transfor-
mation toughening)e] ef @ o] E 7209} o F-o] c}oldl
l o} S3Ae] £EEA o sAF 4o A A

i _L

n] ;l]z;(ICI_E_ PJ_EL j_alr;].
2ol $AE oA F24 27 AA 2 25
c}, 01-5 Z21%) & PSZ{partially slabilized zirconia)®*—*

w TZP {tetragonal zirconia polycrystals)® A|=3-A7
HA 5 v ATz 2FelE 2apaen
%7} ZTC(zirconia toughened ceramics)’®9] o] 4]
zolt},

o513 A

WrlAe A

2ael BH FolA Aeo} 45 4
akE zlE 2o} b4 A (ceria stabilized tetragonal
zirconia polyerystals, Ce-TZP) &= & a3 a4 A} 7}
A Ee Ad Are fhtzd 27 FHua got,
Zr0,-CeQ, 2 427 Al 294 o 4 9= vletgde]
CeO. i ZrOpel b1 4 (~20mold)el 23 w1
sleo] Aupa s W45 ol /"7éx‘ll—°4 eS|
L2 ) {~30pm)e] . ALrba Fabn AR FAE
F urtz 2z et wetA Ceuz glake| o2
oz TZP & A=T glo z2 LdESoaEst
1mﬂ%@
2*“%—"]'

Table 1. Chemical Compositions of the Zirconium
Oxide and C-1064 Cerium Oxide.

70 Component| Zr(, | Si0, | Fe,0, | Ti0, | Na,0 | Cal
| owte% | 99.5 | 011 0.0034| 0.15 | 0.031|0.091
Component| Cel), Al Ca Te Mg —

Ce0s

wtd | 99.9 | 0005 [<0 001] 0.00 [c 0001 —
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Fig 1. The amount of letragonal ZrO, formed at given
sintering temperature for 2 h., a) 10 Ce-TZP,
h) 12Ce-TZP, ¢) 14Ce-TZP, d) 15Ce-TZP,
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Fig.Z. X-ray diffraction patterns of a) 12 Ce-TZP, b) 14 Ce-TZP, ¢) 16Ce-TZP sintered at 14507 for 4h,
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Table 3. Density Data for CeQ,-Zr(» Ceramics.

Compo- Sintering | Bulk Density | Relative
sition Condition {g/cm®) Density (%)
1350°C, 2h. 5 80 -
1400°C, 2 h. 5.8D -
1450, 1h 5.85 -
10 CeQ,- 1450°C, 2 h. 5.87 -
00 Zr0; 1450°C, 4 h, 6.01 -
14507, 10 h. 5.97 -
1500C, 2 h. 5 90 -
1550C, 2h, h.84 -
[ 1s0c,2h. | 605 | 9.8 |
1400C, 2 h. 6.08 97.3
12 CeQ- 1450C, 1 h. 6 09 97.4
88 Zr0, 14507C, 2h 6.16 08.6
(TD=6.250} | 1450°C,4h. 6.23 49.7
1450°C, 10 h. 6.23 99 7
1500°C, 2 h. 6.20 99.2
1550°C, 2h, 6.20 99.2
1350°C, 2 h. 6.13 97.5
1400C, 2 h. 6.18 98 3
14 Ce0,- 1450C, 1 h. 6.16 98.0
86 ZrQ; 1450C,2h 6.20 98.6
{(TD=6.287) | 1450°C, 41, 6.23 99.0
14507, 10 h. 6.23 99 0
1500C, 2h. 6.19 98.5
1550°C, 2 h, 6.20 08.6
1350°C, 2h. 6.15 97.5
1400°C, 2 h. 6.19 98.1
16 Cel;- 1450°C,1h. 6.21 98.4
84 Zr0, 14507C, 2 h, 6.22 98.5
(TD=46.312) | 1450°C,4h. §.26 96.2
1450°C, 10 h. 6.25 99.0
1500°C, 2h, 6.20 98.2
1550°C, 2 h. 6.22 98 5

% TD=Theoretical Density

Fig .3, SEM mlcrugraphs of fractured surface of 10 Ce
-TZP specimen sintered at 1550°C for 2h.
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Fig .4 SEM micrographs of 12 Ce-TZP sintered at a)
1450°C, b) 1550°C, for 2h. (thermal etched at
1300°C for. 30 min.
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Fig 5.(a} Electron micrograph of monoclinic zirconia with fringes along the grain houndaries, which are lying

in the special plane perpendicular to the [001] direction. {b), (¢} Selected area diffraction patterns of
monoclinic zirconia suffixed A and B, respectively in (a).
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Fig.6. (a) Electron micrograph of
monoclinic zirconia showi-
ng both grain houndaries
and tripple junction. (b)
Selected area diffraction
pattern suffixed D in (a).
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Fig .10, SEM mlcmgraphs of fractured surfaces for Ce—TZP simtered at 1450°C for 4 h. a) 12 Ce-TZP,
b) 14 Ce-TZP, ¢} 16Ce-TZP and for Ce-TZP simtered at 1550C for 2h. d} 12Ce-TZP e) 14 Ce-TZP

f) 16Ce-TZP
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