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ABSTRACT

Compositionally triphasic boehmite-silica-zirconia composite gels were prepared by a multiphasic sol-gel route.
Phase-formation characteristics and densification behavior of the gel compacts were examined with and without
2-ALQ; seeding. In the unseeded triphasic gels, both o-ALO; and mullite crystallize simultanecusly at 13007C.
On the other hand, the a-Al(Q; seeding selectively induces the formation of corundum phase {(o-AlLOw) at a
significantly lower temperature (~1100C ) and facilitates an epitaxial growth of a-ALO: between 1100~-1300TC .
The densification of alumina-mullite-zirconia composite {derived from the triphasic gels) was also enhanced
by the a-Al;O; seeding, and this was attributed to the delayed crystallization of mullite in the e-AlO; seeded
gel.
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Fig. }. Schematic diagram illustrating the basic idea
of fabricating alumina-mutlite-zirconia composi-
tes by a multiphasic sol-gel (mixed colloidal
processing) route.
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Fig. 2. XRD patterns of alumina-mullite-zirconia powder compacts heat-treated at various temperatures for 1h
{A: 0-ALOs ¥ mullite, T: t-ZrQs M: m-ZrQg): (a) unseeded specimens; (b) 3 wt.% a-Al:Os seeded speci-

mens.
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Fig. 3. Relative XRD peak intensitites of (113} plane
of 0-AlQy and (210) plane of mullite as a func-
tion of temperature. The XRD peak intensities
were normalized to the total intensity of zirco-
nia Tzop =Jiatsat11y + Imoaoctiny + Dngnoiiiny)s and all the
specimens were heated to a desired tempera-
{ure with a heaiing rate of 5€ fmin and guen-
ched immediately to room temperature: (1)
(113} plane of o-AlO; seeded specimen; (2)
(210) plane of mulhte, seeded specimen; {3)
(113) plane of z-AlQs unseeded specimen; (4)
(210) plane of mullite, unseeded specimen.
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Fig. 4. Sequence of solid-state reactions occurring in
boehmite-zirconia-silica composite powder pre-
pared by a multiphasic sol-gel route: (1) Unsee-
ded gel; (2} Seeded gel
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Fig. 5. Fraction of tetragonal Zr(); as a function of sin-
tering temperature. All the specimens were sin-
tered for 1h.

22 geedingdt A4 mullites] 4L seedings}A]
oro almel] ulel] Aedx Aoz oEEwl o] Rig 38
Hapel wxsiz gl

alahe] =2EENE E 34 —E—ﬂ]ﬂ A A e
Fig. 441 e wle} 8L of 4= glch Seeding=A|
ek ZgelE He| AlOyr) Bl2 HVJ’S 5i0,% W&
sl a-ALOeE mullitedds Ag-AdEETL dbale] see-
ding® Aol o] ALOYE d¥E WA 0-ALOE
wWelsta, o] o-ALOs7} WHA Si0#} w-E-3te] mul-
liteArg 241221k, 285 o))t A 44 2] Aol
] Fofl a-AlQ; seedingel 27 mullite AF 48] ]
o] doinirh

Fig. 5= 1100~1600TC o == WA Zt 143 4=
A% gL A Zr0, 25(HA Zr0g A
2o3F 3 ok AAA Zr0.9) 2842 XRD Z4HFig
DERE Garvie-Nicholson Fe] Alskd ob&¢] 4%
ol Eated A ARt

%. Tetragonal =
106K Itel[a.(l 11)/(:ILEU-I('|'I.I) + Imnnn(lll) + Imono(llf))

Fig. 5ell vieldl Azpaye] Al ab/=wiaaba] def=
of 1300T o4 fEHe o 5 glck 130T o)
exol Ay A e FaEt, o)k £
AL B8] ol e A
Wl Al 7r0),2] BEO Auklabcd a2l el o o}
= 3 Afelv]a) i, HeA frEs sl

Eﬂ! oa..

—1479—



P
ol
4

100

w
o

m
(=]

PO T T T O I S |

=—u—uu Seeded
50 t—e—=—+ Unseaded

Percent Density

40 T T T T T T
1000 1100 1200 1300 (400 1500 (600 1700
L4}
Temperature(°C)

Fig. 6. Relative density (% of theoretical density) of
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powder compacts sintered at various tempera-
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Fig. 7. Relative sintered density (% of theoretical den-
sity) of seeded and unseeded alumina-mullite-
zirconia powder compacts as a function of
amount of seeds added. The composite speci-
mens were sintered either at 1500 or at 1600
T for 1h.
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Fig. 8. Linear shrinkage curves of seeded and unsee-
ded alumina-mullite-zirconia powder compacts
as a function of temperature, All the specimens
were heated to a desired temperature with a
heating rate of 5C /min and quenched to room
temperature without holding.

ubdgo] of g asich 3 wt% seedingell &% d#-L
1500T o)4da] z2gadda A==, seedinge] A
WA Zr0yE <P EAAloks ARLE o 9 sith

32 ~E EH

Fig. 6 1100~1600C H$ g o2 L2 7} 14
74 4 AlgEY WUEE BeFw gt 1300T
o3ty 2xedE 3wt%2 seeding® Al#F see-
dings|#| 92 AEle] dxatelrl A2 gler), 2R}
H =& 2xeME seeding® A€o "xr} o] ok
Seeding® 4]H2] A% 15007, 147k AAeA] o]
2uxe] 98% o)4g Flal AU 4EAE dE

slsdeh,
Fig. 7 seed ofe] Wsle] w2 2dAe 2= f3&
RejFat glc), ada 1500, 1600C o 254 7 1

A7)y dabgdnh 1500T aZxe] 75 seed de] FA
s 4 eyl 2ase 4o FAHT 9ok
kel 1600°C, 1417} &g A= seed el A0
TE 2Hs] ~96% o]At2] =& AH U E Helth
whaba] 9] ARERE seede] 2 #AAF 44 =3
HAe 130015007 2] Lxwlelod] elgds o 4
qlh
Fig. 8-&

i

1100~1550C &) 2xs]oa] 493235 4

ECERE



Alumina-Firconia-Mullite 2%kl Aalsd = Z2s Exel wldls vAld) Seeding &

Fig. 9. Scanning electron micrographs of polished surfaces of alumina-mullite-zirconia composite specimens sinte-
red at 1500C for 1h: (a) unseeded specimen; (b) 3wt% a-AlLO,; seeded specimen.
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