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ABSTRACT

ZrQ./ALO,Mullite composites were prepared by infiltration of the silica sol to the parous ZrO./Al,Oy bodies.
The porous Zr(w/Al(s bodies for infiltration were fabricated using Zr(; (20 wi%)/Al,Dy composite powders
synthesized by the emulsion-hot kerosene drying method. The preparation of silica scls was conducted by
the hydrolysis-peptization of an alcoholic TEOS solution. When ZrQO»/ALO-Mullite and Zr(y/AlOs composites
were sintered al 1650C for 4 hrs, both of them showed an excellent smlerability. As the amount of mullite
added in the compesites increased, the ratic of Lhe tetragonal phase of zirconia to the monoclinic phase at
the room temperature became higher. It was known that values of the fracture toughness of the Zra/ALO-
Mullite composites were about 548 MPa-m'? much larger than that of the Zr(),/ALO; sysiem.
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Table 1, Preparative Conditions of Emulsion .

ltems Numerical Value
Al{504)3- 13-14H,0:ZrOCl2- 8H:0 82.85:17.15
(mol%)
Conc. of Precursors in Common 10
Salutiom {wt%)
Vol. Ratio of Solution/Kercsene 60/40
Vol. Ratio of Span 80/Emulsion 1/100
Stirring Time (min) 60
Stirring Rate (rpm) 6500

A2 ZgHe AFd7| $3he] oujid
ZrO/ALD, Bgadedde] A=7l & HFEA7 F 4
A sz o] AMEEh o EA Ze0/ALOs BakA
HAE AFsr] 1% Zru/ALO, SElEAE o)) B
Aol 2 o F-rlg A f-Febde] 2hA] Bl
FAd wal stAdEer] o8 935 water-in-oil EHJ
of 9 =)zzz2]2- Table lofl F13] vlg} P} B
Foll e Zr0 ALO; B3 E e =4S 8(] with AlgO;}
D20 wth ZrO.E FEtely e, ol B oI peds]
od7d s Zr0p2] §aFol 20 wtFel B3 7} ”—°—°ﬂ/‘] 2|
AukA A2zuv)el Tk} g gteld HAE 7
Il aE ek
e BEE A shherdd uE olgs ololiy
‘]—0:] dA2 2 E 9007 2} 1100C 2 wejelyden], ok
-&7| (agelomerate) & Sl 7] 913}e] zhzhs abFwic}
"ric’ﬂfl 20iE A= ko] vl Zr0y/ALO; 9
%HAE AR Aeus. TARAY AR} o
J‘—S— 2k X4 &2 F-H 7] (Rigaku, D/Max. 3, Japan) £}
TEM({Hitachi, H600, Japan). 2.2 @3 F45lgde}
R Zr0y/ALOy B8 EAs 42

& tay

=7lsk
Hal F isostatic pressing®le] A F el A3 ate)
HAe] 7lgarE Y Addze] vxe g3
FElr) $9sted ol Al3)qku) isostalic pressing ¢bed
£ 7F} 4000 psi®} 20000 pst =) 3% 12000 psizl 30000
psiE HE|stdey ARTAdd av=Es YA
714H FEE Fo57] H8e] 4T /ming SEETE
1000C of & 1500C Ape] £Eo4] 24]7F E4b «n]4
Azl ot
ZrOy/ALOs-Mullite 234 Mullite ob3 EZ &
-5 Zr0y/ALO; B4 8A 8] fidE s 73 a7
EES FAsHArk BEA9AY AU EE Archime-
desilol 25l URS AT & dFvy/3| 2
3] ZA4, AulA] /el ZTE:;‘L:IO}-U] 5\_3;:]]15] :J_E]_—n'._ 7_}
ARl o] 2T (ALD-3.98 gfom?, ZrO.(t)-6.10 g/cm’,

ol

ok ok
o

2o}

T4 7]

£4E



a7t & AFYE o] &5 Zr0y/ALD-Mullite E3HA18] Az

Zr0,(m)-5.56 g/em®) &8 o] &3 rrAAe e A%k
T BgAs] o2z dg A2 ek 7)F
2| 3% Mercury Porosimetry{Auatopore II 9220 V
105) 8 AMasted Salstgon] Bardaldle o)ld7z
s} AEae fwl SEM AlAlE X4 sadgael 93]
ek

2.2, HFY A7t E9 HE

oh34 ZrOy/ALD; B34 E Al Si 475 3539
A FEE ArhEs Oy o E] ALgE R 9]
TEQS®] <E89% 442 45 sz i
Rl 7 del 25l Alz:egch Al A
b2 Sacks™ ol A 221 FdEA s
o ARRgl 250 TEQS | oflebe- [ 28] 6= 155
11038100198k

AzlFt 2] AR ATl AES TR
adelrz] ¢Jsle] 4z|7t £& ARl T Fol =
Z24)A A7PAENe] oE 3 E 93-S Model Btype 3
A2 Esig AFy delvle] 486 545 9
Aelell g APE3E Fyslr] fele] 2L A3 sl
de Buabd) i DTA & TG X-4 ARG 2
A18153ch

X

g e

2.3, E5HY o5t ZrOy/ALO;-Mullite ZEA|2| |
=

231 Ae=l7h 2 A9

A A b EAl Zr0/ALD, B AeF &
ol QAAIE F AHAA b Zr0/ALO, 234
HA 2 7] el S0y RS AFAF e BA5r) B
Alge ERel Fe AFae $To) A4 BL Az
Doelycl AlHle BE g dAR £nE =)
Solzge] delts 7] sleid ArAme] weha
o HAge AFEE s e d HxIeow
ZA7e Fo st Ry Asd dzpale] A7k
25 g,

A7t F Si0.E —‘?—e‘rﬂ/\]

77] sl |9Ae HAL
SRR R EEENY

£ 1T /ming) &2
2C /ming $2&£%
2 schedulei sl
S0 AFA AERFA G2 AFE W3l Bl
zARger AFRe DA oY 4 BE
A% AT B T ALFA Hel Gn
STARAAS S0l pozpel 2ot 15

A 20 F Al D E{1992)

Wi-infiltration) A 8-S 834}

232 B3z 24 5 F4 &3

Zr0/ALO, B8] ALO2E AFE 5071
dke-sle] Mullite{3AL,0,-2510,) 5 A4 s 258 4
oliz] glwte] AF-A=-He) T2 AlHE 1300~ 1500
T 2U9(4T fmimd Al A 24]7F dA]E]Ee] AREe] A
X4 HAEAg ahgo) AF4021 AHe) ade A=
Haj AL A3 F F7)Ei715ke A super kanthal
22 olfate] dslgdon AL 1000C v}x]‘— 10
T /min, 1650T 7FA& 4€ /ming] £E2 4-2A17] F
42|17k Fab 7Eke] Zr0y/ALD-Mullite ,:_éﬁﬂ% -
shelt).

BxhhA A el 2aske AuA A2z els) whalA
AlEAU e}l BliE X4l FAEA A H& 2 e it
fAFAEE o]&sle Garvie® 52| polymorph®<] £
sted TElwmch BEAlY 224 °]imll—‘—°ﬂ gk A
ez dlasiglon o|BUEE 5 2E 47
E =t B - o B e P =
JEge| 2] 34 BahAul a5 AukA/oiAlA
A Emfele] Fafu] 28| 7k AR o] BUE(F, Al
0:-3.98 g/fem®, Mullite-3.19 g/em®,  Zr0:(1)-6.10 g/cnt®,
Zr0y(m)-556 g/cm?) & o4k FralA o R e A 4tal
woh =8 Bgoddy oldTEs 9L 800, 1200
grite] SiC odolA| g AREsle] M2 dnlE & oA
chololEs. EgEE 23 ginlgle] ALHg 9HE o
1500T <14 1417k delaar F SEMe = #Esigivh
ZatsrAdd el el £dA 1S o ATE g
AlHs} wigtFpR| 2 gdolgk & Vickers Microbardness
Tester= 10Kg=9) o2 2025 <+ % ¥ Char-

les-EvansAP?-g o}8sle] Falgc),
3.4 ¥ uE
- ARE B4 Zr0yALO, SEHEEA

1
18]7} & AEPL o2 ZrO/ALOsMullite £
gloj A ZrO./ALD; E38-A2 A4

B R AR ek LOALO: $4H YA
9 A7) % REs) 71Fe0) AP wE AT
Bt RPARAAN 399 mulles LAY

i

mullite #eke] HAZTH Fig 18 Fig. 22 3he5E
9007 £ 1100TC = el sle] A28 Zr0./ALO; B9
Ao X4 #ARAI TEM R4l Zte]ch, Fig 1¢4]
LS 00T 2 de] Azd ST
Ae 42k y-dFehtst AR sl23uslrl A

:

i & zel sk

-721-



® 0-ALO;
N §-Al,O3
C y-AlaOs
A t-Zr0g
& m-ZrOg

20
Fig. 1. XRD patterns of Zr0s/Al:0s compasite powders
calcined at 900C and 1100T for 2 hrs.

TEM phtographs of Zr0:/AlD; composite pow-
ders calcined at (a) 900°C and (b) 1100C for
2 hrs.
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time.
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Fig. 11. SEM photographs of (a) ZrO,/AlOs, (b) 1stanfiltrated Zr0s/ALQ-Mulhte, and (c) 2nd-infilirated ZrO./AlOs
-Mullite composites sintered at 16507 for 4 hrs.

Table 3. Properties of ZrOx/Al0; and Zr(u/AlLOs-Mu-
llite Compesites Sintered at 1650C for 4

hrs.
[ Composte  |Zr0s/AlOs] ZrDy/AlOsMuilite
[Infiltravon Number | 0 J 1 2
Theoretical Density 4.23 3.40 3.20
(g/cm?)
Bulk Density (g/cm®) 4.15 398 | 38
Open Porosily (%) 1.58 195 2,66
Kr (MPa-m!®) 446 548 548
Hardness (GPa) 10.66 068 10.76
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