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Abstract : Ceramic membranes are prepared by using molding method of the glass materials, ceramic-silicone composite
membranes are synthesized with immersing silicone compound of sodiumate, Ss-Al, S3 and we investigated the properties of
gas permeation. Ceramic membranes and ceramic-sodiumate membranes that has been prepared were identified as porous
structure and ceramic-S3-Al membranes and ceramic-S3 membranes were showed with dense structure by immersion of
silicone compounds. Gas permeation properties through the ceramic membranes and ceramic-sodiumate membranes decreased
with increasing temperature and linearly increased with increasing pressure, ceramic-S3-Al membranes and ceramic-Ss
membranes increased with increasing temperature and pressure effect was low. Permeation rate was found out high value
with ceramic membranes and in order of ceramic-sodiumate membranes, ceramic-S3-Al membranes and ceramic-S; mem-
branes, but selectivity reversed in the order. Gas permeation mechanism through the ceramic membranes and ceramics-
sodiumate composite membrane decreased with Increasing temperature, suggesting an Knudsen diffusion mechanism, but
ceramic-S3-Al composite membranes and ceramic-S; composite membranes showed an activated diffusion by which gas
permeation rates through the membranes increased with an increase in temperature,
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1. Gas cylinder 2. pressure regulator
3. On/off valve
5. Micro valve

7. Permeation cell

4. Pressure gauge
6. Water bath
8. Bubble flowmeter

Fig. 1. Schematic diagram for experiment of gas per-
meation.
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Fig. 2. Scanning electron microscopy of membranes.
(a) Ceramics (b) Ceramics-sodiumate
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Fig. 4. Permeation rate in the ceramics and ceramics—

] silicone composite membranes with different
- '1, temperature at 76 cmHg.
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Fig. 3. Scanning electron microscopy of membranes.
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Table 1. Comparisons of the Permeation Rate in the Ceramics and Ceramics Silicone Composite Membranes with

Different Temperature at 76 cmHg

Permeation rate [(STP) cm¥/em® - s - cmHg] X 107

Temperature
K] Ceramic Ceramic -sodiumate Ceramic -S3-Al Ceramic-Ss3
N; O N o) N2 O Nz O
308 556 493 397 368 154 18.6 4.63 8.38
318 534 468 357 329 15.2 18.7 483 8.52
328 504 434 338 311 146 17.1 5.00 9.19
338 474 411 314 285 158 18.0 492 9.43
348 447 354 290 256 156 18.8 5.22 9.48
14 e e Be e Zrlo) ma dgdoz £3&ni} 2}
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Fig. 5. Pressure dependence of the permeation rate of
permeation gas in the ceramics and ceramics-
silicone composite membranes at 308.15K.
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Table 2. Comparisons of the Permeation Rate Through
the Actual Part and the Immersion Part in
the Composite Membranes at 76 cmHg

Permeation rate [(STP)em’/cm’” * s - cmHg]x 107

Temperature

(K] Ceramic-S3

Ceramic-Sodiumate Ceramic-S3-Al

Reom Rimm Rcom Rimm Rcom Rimm

308 368 1458 186 186 838 852
318 329 1102 187 178 852 868
328 311 1092 171 171 919 938

338 285 929 180 181 943 965
348 256 898 188 181 948 973
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Fig. 7. Selectivity in the ceramics and ceramics-
silicone composite membranes with different
temperature at 76 cmHg.
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Fig. 8. Arrhenius plot of oxygen permeation in the
ceramics and ceramics-silicone composite mem-
branes at 76 cmHg.

Table 3. Permeation Properties of Oxygen in the Ce-
ramics Membrane and Ceramics-Silicone
Membranes at 308 K and 76 cmHg

02 Permeation rate Activation
Membrane  [(STP)em’/cm” - Selectivity energy
cmHg]><10‘6 Ok cal/mai)
Ceramic 493 0.9 —
Ceramic- 363 0.98 —
Sodiumate
Ceramic-Sz-Al 186 1.2 0.01
Ceramic-S3 8.38 1.8 11
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A ! effective membrane area [cm’]
d - diameter of bubble flowmeter [cm]
h * bubble displacement [cm]
1 : membrane thickness [cm]
P * permeability coefficient [(STP)em® - emy/em?
+s - cmHg]
Py * atmospheric pressure [cmHg]
Py * upstream pressure [cmHg]
P * downstream pressure [cmHg]
R : permeation rate [(STP)em’/em® - s - cmHg]
T * temperature [K]
t * bubble displacement time [s]
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