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ABSTRACT

AlLOy-20 wt% ZrO: composite powders to be used as the starting materials of tl e Al04/Zr0,-Spinel composite
system were prepared by the use of the emulsion-hot kerosene drying method. Tne crystalline phase of Zr0O,

in the synthesized Al;Os-Zr0; composite powders was 100%

letraganal but the small amount of t-Zr0, was

transformed inlo m-ZrQO; afler crushing. The hardness, fracture toughness, and flexural strength of the compo-
sile, which was sintered al 1650°C for 4 hrs after calcining at 1100C for 2 hrs and had the relative density
of 59%, were 15.7 GPa, 497 MN/m®”, and 390 MPa, respectively. The fracture torm in the sintered composites

was found to be the intergranular fracture.
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Table 1. Preparative Conditions of Emulsion.

| Numerical Value
Al(SQ,)5-13-14H:0 : Zr0CL5 - 8H0 8285 :17.15
(ml%e)
Conc. of Precursors in Common 10
Solution (wt%)
Vol. Ratio of Solution/Kerosene B0/440
Val. Ratio of Span 80/Emulsion 1/100
Stirring Rale (rpm) 6500
Stirring Time {min} ' 60
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Fig. 1. Schematic diagram of emulsion droplets.

A 29 A A 10 2(1992}

A Aol 4~5 mm AEEE $9-2- 165~175C 2
FrAE A fEe dEHag dejmeld Hed &
Aol gl AA oA dA2] =27 Fig 2] )3l
AA el dde] 3 FEEvA ARl M o e
e} gFe] 12 um Aeelth £ g4 8 o dHdE
14 eldiel cldasy delgle] ofF <taldt ddg
BEm ggjon 1 YEl F359) 225} 6 pmd|
ek ElE Fvrd (shear rate)sle] 4] 450 P2 e
HoL glgian] HubhTe o) 3 xr) s wEEy
T Wsich

o) Zo| non-Newtonian #3192 2

32 HEEANS =4

321, 23S

oA HH-7ld A § Tyl el 2 BEgFEd
dxjg] Lxo wlE APAERe) ALO-20 wi% Zr(Q; 23
EAgAE L H st =E AR 7 EE4AS
7} Fig. 3ol e} slvn Fig 3(a) st (= 44 24
Ealg Alekg ZakebenF(AL{S0:); 13~14H.0) 7}
A 27 2237 (Zr0CL-8H, 00 ol i3t A5 Boj5
= Aoz FAdFe|EL 3y F494928 BeF
sle 113%¢ o A 3, 322T off 4] DA 2]z 835
ToAlA FababFulga] Fellsh dofuhx 9les] 24y
A ZAF-E 0T =4 Al%sle] 2 500C 747 Y&
Welolla Fraet ZAg W Baukie) dolula glvh
Fig. 3(c) 2} ()& zhzt Sdzge®s A=g ALG, &
L7 ALO-20wt ZrDy EFFSd E Heg
ddAy ez AFT ASE JAT 4z 9gAe) F7
qEd o BdFalv oy AAFs Bad
27} 15~30C HE &g o 5 qleh o7y
Ao e ALOsS] ASole AR % Fd
=7} 295¢ oA bR glE whEel] AlO-20 wt% Zr0,
9 FSols SAGEEAR R HEFOR Ao 2
T Fdn=rt FRs] debbr iR g ole 4

Moy

Fig. 2. Optical micrograph of an emulsion droplet.
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Fig. 3. DTA and TG curves of powders: (a) AL(S0s-13-14H,0, (b) ZrOCl-8H:0, () ALOy, and (d)} ALO20 wi%
Zr(); powders derived [rom the emulsion-hot kerosene drying method.
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Fig. 4. XRD curves of AlO3-20 wi% Zr0; powders cal-
cined at various temperatures: (a) before cru-
shing and (b) after crushing.

= o] ¥sh= 3} A2 %2} 000, 1000, 1100, 1150, 1200T =
Hpg el wlelad 95, 67, 55, 32, S mYgoE Zhrt sy
gl ol %M TEM AFge) ZoeldE o 4 3l
sdRel wFde «ge) At 2=e gA)rt A
AEE MHe 2 dFses sleck

Table 2= 8tz e SFEA S qiAzs] o

A 299 A 10 Z(1992)

Fig. 5. TEM photographs of synthesized AlQOs-20 wt%
Zr0: (a~f) and ALQ, {g) powders at each calci-
nation temperatures: (a) 900, (b) 1000C, {c}

11007, (d) 1150, (e} 1200T (x20000). (I}
12007 (< 50000), and (g) 1200C (X 50000).
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Table 2. Particle Size Distribution and Green Density of Al0:-20 wt% Zr0; Powders at Calcination Tem-

peratures .
Calcination Particle Size Average Particle Green Density
Temperature Range {um} Size {(um) {g/cm®

900T 0.20~0.66 0.35 1.52
1000°C 0.04~3.14 0.36 1.65
11007C 0.13~-3.18 0.61 1.92
11507C 0.03~7.39 0.43 1.99
1200C 009224 0.44 1.90
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Fig. 6. SEM photographs of AlaOs-20 wt% Zr(h composites (a~e) and Al,Oy (f) sintered at 1650C for 4 hrs: calci-
ned at (a) 900°C, (h) 1000C, (c) 1100%T, (d) 1150C, (&) 1200C, and () 1200C for 2 hrs,
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Fig. 7. Flexural strength of ALO:20wt% ZrO; compo-
sites and Al:Os sintered at 1650T for 4 hrs plo-
tted against calcination temperature.
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Table 3. Physical and Mechanical Propertics of Al0y-Zr0, Composites and ALO; Sintered at 1650C for 4

hrs.
Calcination Bulk Relative ZrQ, Open Closed | Hardness K
Material | Temperature | Density | Density Mono-/Tetra- Pore Pore (GPa) Value
() (g/cm®) (%) (%) (%) (MN/m*)
AlOs 900 4.041 95.4 72.6/274 39 0.7 145 4.89
20 wt% 1000 4,147 o978 64.7/35.3 13 0.9 149 5.58
Zr0s 1100 4.194 59.0 69.5/30.5 0.4 0.6 15.7 4,97
1150 4,148 53.0 77.8/22.2 14 0.6 14.8 5.10
1200 4,145 98.0 86.5/13.5 15 0.5 111 709
Al,O, 1200 3.869 97.2 - 0.1 2.7 13.2 445
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Fig. 8. SEM photographs of {(2) ALQO; and (b) Al:0s-20
wit% Zr(. composites sintered at 1650C for
4 hrs: (a) calcined at 1200C for 2 hrs and (b)
calcined at 1000C for 2 hrs.
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Fig. 9. SEM photograph showing the imergranular frac-
ture of the AlLO4-20 wt% Zr0, composite sinte-
red at 1650C for 4 hrs.
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