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Abstract:

In situ reinforcement of ceramic matrix can be achieved by the elongated grains or platelets

In situ formed In matrix during sintering through the mechanisms of crack bridging, crack deflection,

elongated grain/ platelet pullout, etc. In this work, insitu Al-O: platelet/ Ce-TZP composites and in
situ SrO- 6AIL:Os rod-like grain/ Ce-T ZP composites were prepared by adding AIOOH together with
the mineralizer of TiO: or the reactant of SrCOs to Ce-TZP matrix. T he microstructure of the com-
posites was observed by SEM, and the density and mechanical properties of the composites were mea

sured. T he results indicated that TiO2 markedly promoted the anisotropic grain growth of ALO=: and
SrCO:s reacted with Al:O:, forming Al:Os platelets and anisotropic SrO- 6AIl:Os rod-like grains re-

spectively. The in situ Al:Os platelets and SrO- 6AIl:Os rod-like grains were well-distributed in the

matrix with a larger aspect ratio. Sintering temperature obviously affected the grain size and the con-

tent of ALO:s platelet and SrO- 6Al:O: rod-like grain.

The mechanical properties of the composites

were improved by in situ introduction of Al20: platelets and SrO- 6AIl-0s rod-like grains.

(2

Key words:  zirconia; alumina; strontium aluminate; platelet grain; rod-like grain
ZrO; (TZP)
[2]
B9
TZP "
:2000-08-01

: 2000-05-15;
: (96J12. 1. 9. JW1602)
( 1959) .



AbkLO3 / Ce-TZP SrO- 6AI03 /CeTZP - 55.
(3
, (4  (5) L4
( Hitachi S510)
X
’ ( PGT IMIX-1IC )
X (
’ D/ max-111A )
; : 2
; , 2.1
1 ’ 1 2 AkO:/ Ce-TZP
1 2 :
’ : Al20s
Al20s Ce-TZP
AIOOH CeTzP  1550°C ZAT8 1580°C
’ Al ZAT15 1600°C
AlOs3 JANFOL ’ , ZAT30
’ : Ce-TZP
Al:Os | Ce-TZP
1 6.5
1.1 = — . .
£ 6.0 } o—*
ZAT ZAS : 12 :D ./.;A/A
mol% CeO: TZP(12Ce-T ZP) = A
ZAT : Al:Os 8 vol% 15 vol% 30 g 31 A/V/V”’_—v
vol% 3 : TiO: , i sol / ::: TZZAPTS
Al20s 0.4 wt%, 3 ZATS 2 —A— ZATIS
ZAT15 ZAT30;  ZAS 3 , is T
ALOs 15 vol% 30vol% 45 vol%,  Sr- 1500 1520 1540 1560 1580 1600 1620
CO:s ’ A 205 12. 3 wit% ( Sintering temperature / ‘C
SrO: Al:Os 0.1),3 1 AlLOs Ce-TZP
ZAS15 ZAS30 ZA S45
Zr0; , > 99. 5% ; CeO: Fig- 1 Bulk density vs sintering temperature
’ 99. 9% ; 1 curves for Al,O3/ Ce-TZP composites
AIOOH Al:0Os , AIOOH Al 3 4 SrO- 6Al0s/ Ce-TZP
(OH)s 400°C ; TiO2  SrCOs
3 4 :
1.2 Al203/ Ce-TZP ;
ZrOz:  CeOe , 1300 °C ,
, AIOOH TiO: Sr-
CO:s, , 200 MPa , 1600 1650°C
1520 °C 1550 °C 1580 °C 1600 °C 3 hrs Cutler SrZrOs  ALO:  CeTZP
SrO- 6ALkLO: :
1.3 AIOOH  SrCOs, SrZrQs,



56-

100 ;/3;”/_:3:;_;
§ 95 F o// i
2
@ R
% 9 F —u— TZP i
) —o— ZATS
2
5 —A— 7ATI5
2 85 | —VY— ZAT30 -
80 1 1 1 1 1
1500 1520 1540 1560 1580 1600 1620
Sintering temperature / C
2 Al0s/ Ce-TZP
Fig- 2 Relative density vs sintering temperature
curves for Al>Oz/ Ce-TZP composites
6.5 T L} T T
o o & ] ]
g 60 o .
Q /_._.-o-——"‘"‘
o 55T /. g 4 7
Z . v
I B A .
'§ Y A/
S 45t — —-T7P |
= —o—ZAS15
aa 40 F —v-ZAS30| ]
: —a—-7AS45
3.5 1 1 1 1 2
1500 1520 1540 1560 1580 1600 1620
Sintering temperature / ‘C
3 SrO- 6AI03/ Ce-TZP
Fig. 3 Bulk density vs sintering temperature
curves for SrO- 6AI,03/ Ce-TZP composites
T T —T T ]
100 ./_-l —
/A/V
e 95T of / / i
§ 9 F ¢ 1
3) A —=— TZP
2 —e— ZAS15
S g5 b —a— 7ZAS30| 4
~ —v— ZAS45
80 L A L L A
1500 1520 1540 1560 1580 1600 1620
Sintering temperature / C
4 SrO- 6AI03/ Ce-TZP
Fig. 4 Relative density vs sintering temperature
curves for SrO- 6AI,03/ Ce-TZP composites
Ce-TZP , CeO:2
ZrQO2 :
CeO: ZrO:2

CeO: AkLOs

’ 12C€'TZP;
X ,
: VA(OF:
] 5 Ce_
) CeO: ZrO;
,AIOOH 500 600°C
A|203, ) Al2Os \£
Al0s 1100 1300 T-Al0:s ,
2000 (a) Unprepalloyed
1600 F
%)
& 1200 F
N i m
2 800 }
400
i m
m
t
0 3 [ [l [ 3 |
22 24 26 28 30 32
260 /1 (°)
2000
b) Prealloyed t
1600 =
%)
& 1200
z '
2
£ 800 e
400
m
0 - 8 o 1 . ran 1 .
24 26 28 30 32 34
20 /1 (°)
5 (a) (b) (ZA S30)
XRD (t , m )
Fig- 5 XRD spectrum sketch for the as-sintered samples
(a) unprealloyed and (b) prealloyed
ZAS SrO,
Al:Os , Sro: Al:Os 0.1,
0. 166 Sro



, : AbOs3 /Ce-TZP  SrO- 6AIl03 /Ce-TZP 57-
ZrO2 ) Al20s
X ( 6)
, Al20s
8.0 10.0 12.0
Al (b)
i
IsrZr Ce Ce
’ ] g v SSAS. S8 ¥ T T
0.0 2.0 4.0 6.0 8.0 10.0 12.0
KeV 7 (a) 1550°C (b) 1600°C
ZAT30 SEM
6 ZAS30 (a) Fig. 7 SEM micrograph of the ZA T 30 sample sintered at
(b) AlO3 X (a) 1550°C and (b) 1600°C
Fig. 6 X-ray energy dispersive spectrum of
. : : 1550°C Al:0s
(a) an aluminate rod-like grain and
(b) an aluminagrain in ZA'S sample 2 MM S pm, 0.5 MM 1 Mm;
1600°C Al20s 3um 7 pum,
2.2 0.5um 1.5um
) A |203 )
CG‘TZP AIZOS
, : 1600°C
[ 667 MPa),
ZrO: Al20s , 14.2 MPa- m"° ( Ce-TZP
AIZOS y 10 6 MPa m1/2)
[7]
8 1550°C ZA S30
8 ,  ZAT ;
AlO ’ ZAS Zro: Sro-
, Hom Messing” 6A bOs , ,
TiO: Al0s SrO- 6AI:0s )
’ Cutler ' , SrO -
: : , ZrO2 6A LO:s 1um 3 um. 1lum.



58.

ZAT
SEM ,
AlOs ,
, ZAS30 ,  1600°C
ZAS30 752 MPa,
14.4 MPa- m"*

TZP

[1]

[2]

[3]

[4]

8  1550°C ZAS30 SEM
Fig- 8 SEM micrograph of the ZAS30 sample sintered at 1550°C [5]
3
, Ce-TZP AIOOH [
TiO: SrCoO:s,
Al20s Alz0s  SrCOs (7]
: Al2Os /| Ce-TZP
SrO- 6Al:0s /| Ce-TZP [8]

Ce-TZP :
Al20s
Ce-TZP
/
/ :
AIZO3
, , . SiC
[J]. , 1993, 21(1):208- 214.

Poorteman M, Descamps P, Cambier F, et al. Hot isotropic
pressing of SiC-platelets/ Y-TZP composites [J]. J Eur Ceram
Soc, 1993, 12 (2): 103- 109.

Claussen N. Ceramic platelets composites [A]. In: Bentzen J J,
et al. Eds. Proc. 1lth Riso Int. Symp. Metallurgy and Materi-
als Science [C]. Riso Natl Lab, Danmark, 1990. 1- 12
Heussner K H, Claussen N. Yttria- and ceria-stabilized tetrago-
nal zirconia polycrystals (Y-TZP, Ce-TZP) reinforced with
Al,0;3 platelets [ J]. J Eur Ceram Soc, 1989, 5 (3): 193- 200.
Birchall J D, Stanley DR, Mockford M J, etal. Toxicity of sili
con carbide whiskers [ J]. J Mater Sci Lett, 1988, 7 (4): 350
- 352.

Cutler R A, Mayhew R J, Prettyman K M, et al. High-tough-
ness Ce-TZP/Al,03 ceramics with improved hardness and
strength [J]. J Am Ceram Soc, 1991, 74 (1): 179- 186.
Rodel J, Glaeser A M. Anisotropy of grain growth in alumine
[J. J Am Ceram Scc, 1990, 73 (11): 3292- 3301.

Horn D S, Messing G L. Anisotropic grain growth in TiO>-
doped alumina[J]. Mater Sci Eng, 1995, A195: 169- 178.



