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Microstructure of alumina-dispersed Ce-TZP ceramics
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Abstract Microstructural evolutions in ceria-stabilized zirconia (Ce-TZP) and alumina-dispersed Ce-TZP ceramics were
investigated as functions of doping and annealing conditions. All of sintered specimens showed the relative density over
99 %. Sintered specimens had linear grain boundaries and normal grain shapes, but ceria-doped specimens had irregular
grain shapes and nonlinear grain boundaries due to the diffusion-induced grain boundary migration during annealing at
1650°C for 2 h. Mean grain boundary length of Ce-TZP with irregular grain shapes was higher than that of normal grain
shapes, and was a value of 23um at the maximum. Alumina particles dispersed in Ce-TZP inhibited the grain growth
of zirconia particles. ALOy/Ce-TZP doped with ceria and annealed at 165(°C for 2 h showed irregular grain shapes as
well as small grain size. Added alumina particles showed the grain growth during sintering or annealing, and they
changed the position from grain boundary to inside of the grains during the annealing. The specimens with normal grain
shapes showed an intergranular fracture mode, whereas the specimens with irregular grain shapes showed a transgranular
fracture mode during the crack propagation.
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Table 1
Specimens according to ceria doping and annealing condi-
tion

Specimen  Doping Sintering Annealing
condition  condition condition
(1500°C, 2 h) (1650°C, 2 h)
Ccz X * o* X
CZH X O O
Ce/CZ O O b
Ce/CZH O O O
5A/CZ X O X
5A/CZH X @] @)
5A/Ce/CZ O O X
5A/Ce/CZH O O O

*x : Case of undoping or only sintering.
QO : Case of doping or annealing after sintering.
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Fig. 1. Scanmng electron mxcrographs of (a) CZ (b) CZH (c) Ce/CZ and (d) Ce/CZH specimens.

Table 2
Sintered density, grain size, and mean grain boundary
length in Ce-TZP

Specimen Den31ty Grain size Grain boundary
(g/em’) (um) length (um)

CZ 6.19 15 3.5

CZH 6.12 5 15

Ce/CZ 6.18 1 3

Ce/CZH 6.17 7.5 23
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Fig. 2. Scanning electron mmrographs of (a) 5A/CZ, (b) 5A/CZH, (c)SA/Ce/CZ and (d) 5A/Ce/CZH‘spec1mens

Table 3

Sintered density, grain size, mean grain boundary length, and position of alumina in alumina-dispersed Ce-TZP

Specimen Den51ty Grain size of TZP Grain boundary Grain size of Alumina position
(g/em”) (um) length of TZP (um) alumina (tm) G/1 (%)*

5A/CZ 6.19 1 2 0.3 90/10

5A/CZH 6.12 2.5 10 0.7 85/25

5A/Ce/CZ 6.18 1 35 0.3 95/5

5A/Ce/CZH 6.16 3 14 0.5 45/55

G : Percentage of alumina distribution on Ce-TZP grain boundary.

I : Percentage of alumina distribution within Ce-TZP grain.



126 M.J. Kim and J.K. Lee

ARl M ] REFe} drle] HFArE 2.5 umE &5
Az@ ool H)ER] oF 1/28 7AsIaL, B fAAe]
oF 10 um= YAl vlske YAZol7t ZA F7t
AL & 4 e, ol YAzt L BAF wiE
7o) FES 7k 24 el vehly] diZolich ¥
Y SR ks GAEERt 0.7 umE Tl ol A
bl a, 15 % Axe] dFeiv Rzt AlZaiol YA
ol oJa) AAlNA AUlR olFste] ER|stath

AglolE =33 5A/Ce/CZ N2 2Z4H (Fig. 22 (o)
e e ok Al (Fig. 28] (@) Ak HAT
ZE eI et 1650°CoHA 2417 Bx7)3k 5A/
Ce/CZH AHE(Fig. 29 (@)llAe] vAF2e £33
%o AW tEA FFEEY, o) AJHdAM 9] dAlE
alars YAl01Ee 2s T4 HehE vepl ¥R
ke BEE ol Wt Ce-TZPe] vt YA
= ¢ 3umelledt, Fa dAIdole 4ume g 1 H
7} 7Pg ZA velsked, ol Helxd AFTHE 4%
1 @l ofaled 9k oA Ao}l =l o3
QAT 2T WES Aog FHEEIRT) o] AlRe
A BEAE dRoe) datarie of 0.5 umE R SR
e AJHd| Hlale] ta ZA YIS e, gF
U 9434e] A% Table 3olA] BZo] AZ5 o} A=p
Uittel o ol EAsiell (W 55 %, YA 45 %), ©

48 o

o o

: * R W
LA 5.0 11 8mm x2 50k SEf 3.E0um

= Aelol =l ofal B gl & WA A
2ol A7t AR ) WE YAOlE Swg 7
2 gaela oz ] Aajole] QIACIEL A
SR Q¥ SRA} YAt Azl K] £ 5o
A2} YAje) Wel Erjshe Aoz Wk,

3.3. Ce-TZPS}t AL OyCeTZP 3 ¥ H

Fig. 3ol& 1650°CellA 2A17F dxjeist AlHEs] Bet
o = 2 gFRah) BAF 276 Wl Zbz veRig)
. &38R e CZHS 5A/CZH ANHAME T2 9
Azt oo (Fig. 39] @9k (¢)), ¥l Alejols
=& Ce/CZHS 5A/Ce/CZH A HoIME(Fig. 32 (b)
o (@) F= Jli=ir BAEAT. LerElos A =25
o} AZAe] 7S thHg ANz} B, Agjers
£33 AHAA et 2 FEkEs S s
QAT Z ¢lEld YAY FAMoE Wi o]F lsj]
A7} F71sl7] WiEQld], oleigt AR 3ol 7l
A UQAZ F3) FFo] M vE DA HF o
A7t Ui oy HexEE #8930 A2t et
o] & HouiA7t SRR AtfEeR ufigtae] of
& 27 AERI7E ZoRA Ho] YA Roks dlsk
7b dejupA Bk

SR

Jrern o2 B0k ]

Fig. 3. Fracture surfaces of (a) CZH, (b) Ce/CZH, (¢) 5A/CZH, and (d)5A/Ce/CZH specimens.
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