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ABSTRACT

Porous glass in the Zr0O;-Si0y system comlammning up to 3 mol% zircenia were prepared by the sol-gel
method from metal alkoxides and their pore characteristics with reaction parameters were investigated. The
gels were made by hydrolyzing and condensation of the mixed metal alkoxides and were converted into the
porous glass by heating up to 700C. As a results, the mean pore radius became larger with increasing contents
of HCL, HeO and hydrolysis temperature, and an alcohel with a large molecular weight for making the porous
glass. In the case of 20Zr0.-80510, porous glass with heated at 700T, HCI and H;O content was 0.3 mol
and 4 mol, the speafic surface area was 284 m%/g average mean pore rads was about 19.4 ﬁ, porosily was
22.55% and pore characteristics depended on heatmg temperature.
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Table 1. Amounts ol Starting Mateials for the Caleula-
ted in the ZrO. 510, System

Zr(0- nCalr | SUOCH:) | A kind of HCI H0

(mol) (mol)  |alcohol /imol)| (mol) | (mol)
02 0.3 CH,0H/1 0.3 4
0.1 049 C.H;OH/1 | 0.3~ 1~8

0.003

0.2 0.8 “ & %
0.3 0.7 4 P 4
0.2 0.8 CyH-OH/1 0.3 4
0.2 0.8 CHs0H/1 0.3 4
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Table 2. The Calculated Compositions and Analysed
Contents of Zr0, mole percentage in the ZrO;
-5i0, System.(HCl, H,0=0.3, 4 Molar Ratio
of Total Alkoxides), Heated at 700C )

- Analysed content of ZrQ,
Calculated composilion
Method 1 Method 2
10Zr0, 90510, 9.8 9.4
20Zr0,- B0SIO; 19.7 184
30Zr 04 7080, 298 278
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Table 3. Variation of the Pore Characteristics of the 20Zr(0;- 80510, Gel with Hydrolysis Temperature (HCL, H.0=
0.3, 4 mol (Molar Ratio of Total Alkoxides), Heated at 150C)

Hydrolysis Temp. SSA. P.V. MER. AD. ‘ B.D. l Porosity | Gelling Tinﬂ
) (m*/g) {em’/g) (A) (g/em®) | (g/em®) (%) (hrs.)
30 378 0.265 A7 3.10 156 43.2 3
40 382 0.274 48 3.09 154 424 12
50 369 0.280 52 313 1.52 427 a5

5.5.A.; Specific Surface Area, P.V.: Pore Volume, M.P.R.: Mean Pere Radius

Density
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Tahle 4. Variation of the Pore Characteristics of the 20Zr0.- 80510, Gel with the HCl Used as a Catalyst (H.0=4
mol(Malar Ratio of Total Alkoxides), Healed at 150T)

Amount of HCI SSA PV. M.P.R. AD. B.D. Porosity Gelling Time
(mol) (/@) | (em¥/g) (& (glem?) | (g/em® (%) (hrs.)
0.0003 335 {1,189 35 3.08 163 34.7 35.4
0.003 350 0.194 38 310 1.62 38.3 10.2
0.03 365 0.232 42 312 155 40.3 3
0.3 378 0.265 47 312 1.54 43.2 05

Table 5. Varation of the Pore Characteristics ol the 20Zr0;-805i0. Gel with the Amount of HxD (HC1=0.3 mol
(Molar Ratio of Total Alkoxides), Heated at 150C)

Amount of H.O SSA P.V. M.P.R. AD. B.D. Porosity
(mol) (m¥/g) (em*/g) (A (g/em”) {g/cm) (%)
1 345 0.245 43 3.09 1.59 426
2 363 0.256 44 310 155 41.0
4 378 0.265 47 3.12 1.54 43.2
] 397 0.277 53 3.14 1.56 424

Tahle 6. Variation of the Pare Characteristics of the 20Zr0,-80Si0. Gel with the Amount of ROH Used a5 a
Digestive (HCI, H;0=0.3 mol, 4 mol (Molar Ratio of Total Alkoxides), Heated at 1507)

A kind of SSA PV M.lz.R. AD. B.D. Porosity
alcohol (m*/g) (cm'/g) (A) (g/cm?) {g/cm?) (%)
CH.CH 368 0.245 40 311 1.58 40.8
C.H:0H 378 0.265 47 312 154 43.2
C;H;OH 389 0.269 5l 3.12 1.52 46.4
C4H-OH 406 0.276 b8 311 1.50 48.3

-488- 2.9 %)
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Table 7. Variation of the Pore Characteristics of the 20Zr(y-805i0; Gel with the Amount of C;HsOH Used as

a Digestive (HCl, H:0=0.3 mol (Molar Ratio of Tatal Alkoxides). Heated at 150°C)

Amount of C;H;0H SSA. P.Y. M.PR. AD, B.D. Porosity
(mol) (m*/g) (cm¥/g) (&) (g/cm®) {g/cm?) (%)
1 378 (.265 47 312 154 432
2 383 0.269 45 3.08 1.55 44.6
3 374 0.263 45 3.11 1.52 423

Fig. 2. The TG-DTA curves far 20Zr(,-805i0; gels at
various kinds of alcohol (HC), H:0=0.3, 4 mol
{molar ratio of total alkoxides)).
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Table 8. Variation of the Pore Characteristics of Lhe 20Zr0.-805i(), Gel Heated at Various Temperature [or
2hrs (HCl, Hs0=0.3 maol. 4 mol (Molar Ratio of Total Alkoxides)}

Temperature S.5A. PV. M.P.E. AD. B.D. Parosity
() (m%/g) (cm?/g) (&) (g/cm®) {g/em?) (%)
150 378 0.265 47 312 154 43.2
300 333 0.234 234 3138 179 32.6
A00 295 0.178 21.5 3.17 1.9 27,5
700 284 0.193 194 321 2.30 225
| 8o 0 0 0 312 3.21 0
A 303 A6 £(1993) -489-
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Table 9. Pore Characteristics of the ZrO,-S5i0; Gels with Different Composition at 700C (HCL, H:0=0.3, 4 maol

(Malar Ratio of Tolal Alkoxides))

Composition 3S5A P.V. M.P.R. AD. B.D. Porosity
{mol) (m?/g) (em¥/g) (A (g/cm?) {g/cm’) (%)
10Zr05-905i0, 340 0,254 19.5 3.18 2.32 24.3
20Z105-80Si0; 284 0.193 154 3.21 2.30 225
30Z10, 70510, 227 0.064 18.7 321 2.65 19.2

Fig.3. SEM micrographs of a 20Zr0;-808i0, gel (HCl, H;0=0.3, 4mol (molar ratio of total alkoxides)).

(a) Dry gel, heated at 150C
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