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ABSTRACT

A precipitation method, one of the most effective liquid phase reaction methads, was adopted in order to prepare
high-tech Al,0;/Zr0, composite ceramics, Al (504), - 18H.0. ZrQCl, - 8H,0 and YClo - 6H:0 were used as starting
materials and NH,OH as a precipitation agent, various tvpes of metal hydroxides were obtained by single precipita-
tion(series A) and co-precipitation(series B) method at the pH condition between 7 and 11, Fine Al,Q,-Zr0,

powders were prepared at optimum calcination condition and the effects of Zr(Q, on microstructures and mechanical
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properties of AlLO, were investigated, The composition of ALO,/Zr0, composites wax fixed as ALO,-15 v/o

Zr0, (+3 m/o Y;0;) . Zr0, limiled the grain growth of ALQ; and increased grain size homogeneity of A0, mare
effectively than MgO. Flexural strength values in ALQ, and ALQ./ZrQ, composites were 340—430 MPa and
540—820 MPa, respectively, and the effect of strengih improvement showed 20—50% by adding ZrO. to ALO;.

Fracture toughness of Al0;/ZrQ, composites was improved by stress-induced phase transfermation of tetragonal

Zr0, and toughening effect by microcrack was not observed. Alsa, Zr(, particles located at ALQO, grain junction

contributed to loughening, while spherical Zr(, particles located within ALO, grain did not contribute io

toughening. Weibull meduli of AlO; ceramics and AlOy/Zr0, composites of series A and series B were 4.34,

5.17 and 9.06, respectively. Above 0.5 of failure probabilily, strength values in ALQ, ceramics and ALQ,/7r0,

composites of series A and series B were above 400 MPa, 700 MPa and 650 MPa, respeclively.
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7 12.01 - 730 - 58.39 - 1.06 - 4.87 -

9 104,14 - 70,67 - 342 86 - 9.52 - 3.29 -
H—— Undoped AlQ,

10 106.37 - 68 27 - 1015.2 - §.33 - 9 58 -
11 57 B2 - 56 22 - 277 18 - §.33 - 4.82 -

7 7.64 - 4.39 - 25 81 - 129 - 3.38 -

9 8.15 - 7.39 - 30 87 - 1129 - 3.80 -
—  Doped AlO, —

10 3.05 - T 88 - 45.81 - 129 - 3.68 -
11 16.00 - 720 - 34.51 - 419 - 2 16 -

7 Series A 3.68 1.06 1.99 .48 8 83 2.25 0.50 0.25 2.40 | 0.29
—1 Undoped -

7 Series B 3.62 .86 1.28 031 8.25 1.83 1.5¢ 0.33 228 | 0.24

7 2.31 133 1.64 0.91 4.75 465 0.25 042 2,06 | 0.58

] . 3.07 1.15 205 115 7.17 3.7 0.21 0.25 234 0.37
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10 2.67 092 1.16 037 5.42 2.50 0.33 0.33 203104
11 Dooed 4.81 0.51 4,48 (.47 8.42 2.83 0.42 033 1.75 7 0.11
— npe

7 ? 2.08 0.82 156 0.31 4.33 1.7 0.25 0.25 2.08 | 0.3%

9 5 1.20 515 1.20 10.25 2.40 033 .25 1.96 | 0.23
— sertes B

10 2.21 0.97 119 0.39 0.67 2.50 0.33 025 2.57 | 0.44
11 5 69 0.46 4,85 0.4¢ 7.82 2 50 0.92 0,33 1.37 1 0,08
AR = Largest AlO; Grain Size 7/A = Mean Zr0, Grain Size

~ Mean ALO, Grain Size

Mean AlQ, Grain Size
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7 1125 | 882 68.75 | 6118 | 0.50
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IMonoclnic 20y Tetragonal 20y
pH T Vel x [ v Transform TD/A
o) | %) | rog) | o | PP )
7 24.04(29.32(75.96 | 70.68| 1.67 27.51
[ 9| Series [14.79|18.5485.21 [81.46] 0.82  |14.85
(0] A& 19782 4s]s022|557] 13 |mn
11 20.57|25.35(79 43| 74.65| 1.43 l24.3
7 18 55|23.00(81.45[77.00] 124 |24
| 9| Seres |12.47]15.74|87.53|84.26] o070 1284
(10] A [152420.27|83.76[79.73] 10z |18.00
11 15.67]19.53[84.3880.47] 1.00 |17 76

# T A =Transformation Amount from Tetragonal to
Monoclinic after Fracture,
A = (V=Y /Vax 00

where, V.. Tetragonal Zr0, Existed on  As-Fired
Surface(Volume Fraciton)
Vi Tetragonal 2r0, Existed on  Fractured

Swrface(Volume Fraction)



Fig.3 SEM photographs showing fractographs of Al.Q; and AlLO./Zr0, composites

(A) ALO,,

preparation condition : pH=7),

Number 1 : Upper part of fracture surface,

Number 3 . Lower part of fracture surface.
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Table 4. Data for Fractwe Tooghness and Calculated Flaw Size of ALD, and AlLD./ZrQ, Composites as a
Function of pH

Fraclure Toughness (MPa m"#) Calculated Flaw Size (gm) —,
Systém| pH =
{Equation Charles & Evans™ I Lawn & Fuller®™ | Nuhara®™ | Charles & Evans | Lawn & Fuller |Niihara
7 2 B0 2.74 355 1 4 11.0 18.4
9 2.70 2.63 3.41 4.4 13.6 229
AL 1 2.70 2.63 3.41 15.5 14.7 24.7
. . . 3. . 24.
- —
11 250 2 44 317 8.4 30 13.5
7 3.72 3.64 4,72 5.2 5.0 8.2
Series | 9 355 3 48 4 58 71 6.7 11.9
A 1 5.8Y b.3d 720 18.1 17.3 29.2
11 4.04 3.99 5.13 14.0 13.6 22.6
L7 3.72 364 4.72 8.5 8.2 13.7
Series | 9 2.97 2 R4 3.7 4.8 4.4 74
B |10 3.68 Y 7.1 . .
11 3.72

Fig 4 SEM micrographs showing crack path of ALQ, and AlLO./ZrQ, composites produced by a
Vickers indenler (power preparation condition pH=7 and white phase | Zr0,).

w "

Notatien “g" is transgramular cracks of ALQ, grain (A) AlQ,, (B) series A and (C) series B.
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(Powder preparation condition . pIT=T7).
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