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Abstract— Thin films of TiO,, SiO, and TiO,Si0. were deposited on the inner surface of the porous glass support tubes
by the decomposition of tetraisopropyl titanate(TIPT) and tetraethyl orthosilicaie(TEOS) at an atmospheric pressure. The hy-
drogen selectivities of the membranes were increased by the deposition of thin films of metal oxides. Deposition rate of the
films and gas(H, or N.j permeation properties of the membranes were much different from one another depending on the
types of thin films and deposition conditions such as temperature and TIPT/TEOS ratio in the feed stream. The pure TiO.
films which were deposited only in the temperature range between 230 and 300°C were found to have some hydrogen selec-
tivities. [n comparison to the pure TiO; films, stable SiO, films were formed at temperatures as high as 600°C, and they
showed very high hydrogen selectivities larger than S00 though their deposition rates were much slower than those of the
TiO. films. On the other hand, composite Ti0,/SiO; films could be also formed at temperatures as high as 600°C and they
showed excellent hydrogen selectivities which were comparable to those of the pure SiO; films. And the deposition rates of
TiOySiO. films were much faster than those of the pure SiO. films. Gas permeation rates through the porous support de-
creased with increasing temperature, suggesting an Knudsen diffusion mechanism. but the film-coated membranes showed
an activated diffusion process by which gas permeation rates through the membranes increased with an increase in tem-
perature.
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Fig. 1. Schematic diagram of the CVD reactor.

1. Mass flow controller 4. Porous Vycor glass

2. TEOS saturator S. Furnace

3. TIPT saturator
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Fig. 2. Evolution of gas permeation rates(Q) during the deposition
of TiQ, at 250°C(c) and 280°C(~). Gas permeation rates
were measured at each deposition temperature.

Open symbol=H,, closed symbol=N,.

Table 1. Gas permeation properties of the TiO, membranes

Deposition Cumulative deposition O,' Selectivity
temp.(°C) time(min) (cm’/min - cm’ atm) (HyN>)
200 800 0.625 39
230 660 0.312 16
250 100 8.43x10 ° 57
280 20 4.88%1077 8.2
300 15 3.20x10° 5.2
400 50 0.519 3.9
Porous Vycor at 200°C 0.634 3.8
glass tube at 400°C 0.517 38

tHydrogen permeation rates were measured at each deposition tem-
perature.
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Fig. 4. SEM images of the porous glass support (a), the TiO, films deposited at 280°C (b) and 400°C (c), and the cross section of the film (d),

respectively.
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TIPT TEOS Time to pore plugging
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0.4%8 (141 A min

2.89 0.31 15 min

2.89 il unplugged
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Table 3. Time to pore plugging at various deposition temperatures
with a TIPT/TEOS ratio of 7.0

Temperature(°C) Time to pore plugging(min)
300 120
400 10
500 10
600 20
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Table 4. Activation energies of H, through the membranes prepared
in this study

o Deposition H, flux Selectivity E,
Thin_film temp.("C) (emmin-cm™atm)  (HYN))  (kJ/mol)
Porous glass - 0.404* 3.7 -
TiO, 250) 0.13% 8.1 5.2
SiO, 600 0.235 880} 6.0
Si0L/TiO, 600 (1.224 3080 8.0

*: The H, flux of the porous glass support was measured at 600°C.
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