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1. Gas cylinder 2. Pressure reducing valve 3. Stop valve 4. Pressure gauge
5. Pressure controller 6. Mass flow controller 7. Three-way valve

8. Vaporizer 9. Heating pipe  10. Furnace 11. Disk membrane module
12. Gas washing bottle 13. Soap-film flow meter
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Fig.1 Schematic diagram of the apparatus for determination of
permeability and hydrothermal stability of microporous
SiO, membrane
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"g i INDD DA DA DL DS 20N Table 1  Properties of SiO, powder thermally treated at
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g 00 ﬁ)QO (C) surface area (m%g)  diameter (nm) volume (cm®/g)
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YYYYYLIL L L LY g ] ]
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Fig.2 Nitrogen adsorption/desorption isothermal curves of
SiO, powder treated at various temperatures
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Table 2 Gas permeability of microporous SiO, membrane calcined at various temperatures

Calcination temperature of Temperature of membrane

Transmembrane pressure

Gas permeance of SiO, membrane [x10~® mol/(m?s-Pa)]

SiO, membrane ('C) module (C) (MPa) He CO, 0, N, CH, SFe
400 200 0.3 10.8 0.72 1.13 1.93 2.55 1.04
600 200 0.3 12.7 0.13 0.26 0.20 0.16 0.14
800 200 0.3 7.29 0.27 1.0 1.34 1.42 0.54

% 3 400 C T ELRLEY Si0,B% (Si-400) 2K FESALIE 8 h FHISIKSEMERE
Table 3 Gas permeability of Si-400 membrane after steam treatment for 8 h

Steam treatment

Gas permeance of SiO, membrane  [x10® mol/(m*s-Pa)]

Permselectivity of SiO, membrane, F,

pressure (kPa) He CO, 0, N, CH, SFe He/CO, He/N, He/CH,
8 11.7 0.80 2.08 2.18 2.83 1.16 14.6 54 41
15 27.9 6.27 8.71 8.57 11.8 4.67 4.4 3.3 24
30 37.0 9.48 12.5 13.4 17.4 6.49 3.9 2.8 2.1

3.3 Tl Si0. BEREE WKESEHETHREN

K 32 Si-400 L AN R Hs 77 K 2 AR B 104K
BiEtEae. WTLLEH, 28 kPa H/KZESAFE S8 h G,
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Ah, %8500 kPa 7KZ& AL BE S, HAR Si-800 J5 (1) # AL 43
BT TR, AR SR A R LG M), RN
I He/CO, BAREREMEA SRR FFAE 11.4, =T Knudsen
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Table 4 Gas permeabilities of Si-600 and Si-800 membranes after steam treatment for 8 h

Steam treatment

Gas permeance of SiO, membrane [x10~® mol/(m?s-Pa)]

Permselectivity of SiO, membrane, F,

Membrane

pressure (kPa) He CO, 0, N, CH, SFe He/CO, He/N, He/CH,
8 12.0 0.099 0.28 0.34 0.44 0.089 121.2 35.3 27.3
15 12.6 0.10 0.29 0.34 0.45 0.097 126.0 37.1 28.0
30 12.7 0.10 0.30 0.37 0.47 0.10 127.0 34.3 27.0
Si-600 40 12.6 0.11 0.30 0.38 0.47 0.11 1145 33.2 26.8
60 12.7 0.11 0.31 0.41 0.48 0.11 115.5 31.0 26.5
100 12.9 0.12 0.31 0.42 0.50 0.11 107.5 30.7 25.8
200 13.1 0.12 0.34 0.43 0.51 0.12 109.2 30.5 257
500 8.74 6.64 9.13 8.95 10.3 3.25 1.3 0.98 0.85
8 7.19 0.31 131 1.36 147 0.62 23.2 5.3 4.9
15 7.26 0.24 1.05 1.32 1.46 0.57 30.3 55 5.0
30 7.42 0.26 1.10 1.34 1.50 0.57 28.5 55 5.0
Si-800 40 7.48 0.26 1.20 1.37 1.50 0.58 28.8 55 5.0
60 7.40 0.27 1.12 1.37 1.50 0.59 27.4 54 4.9
100 6.79 0.19 1.03 1.23 1.38 0.41 35.7 55 49
200 5.88 0.23 1.18 1.06 111 0.46 25.6 55 5.3
500 2.27 0.20 0.67 0.98 141 0.48 114 2.3 1.6
= =y 10 £
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) 10 £ /O—O’O [7) [
NE [ He O \ NE L
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g 2 s £ —%— 200 kPa
[0) (5} —O—500 kPa
o | L | L | L | L | L | L | [N | | L | L | L | L | L |
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Kinetic diameter (nm)
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'3 600 F1 800°C BRI SO, LA /K Z& AL BE Ry J (AR BB 1 g
Fig. 3 Comparison of gas permeabilities of Si-600 and Si-800 membranes before and after steam treatment
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7538 B 5 A AR EE AR AN K. DR, AT RAIACh SiO, i
27K ZA B 5 ARSI VE e A0 BB AR 23 B DA 1 A
12t SiO, AL IR & PR PR 1.
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RS y-ALOEKESAEBAIRALIE 8 h FRISIKZEMRE
Table 5 Gas permeability of y-Al,0; membrane before and after steam treatment for 8 h

Steam treatment Gas permeance of y-Al,03 membrane [x1078 mol/(m?-s-Pa)] Permselectivity of y-Al,O; membrane, F,
pressure (kPa) He CO, 0, N, CH, SFe He/CO, He/N, He/CH,
Before 62.8 18.8 229 25.0 326 12.4 33 25 1.9
8 62.1 18.2 229 24.0 31.3 12.2 3.4 2.6 2.0
500 63.3 19.2 23.9 25.9 33.7 12.9 3.3 2.4 1.9

A R

(a) Surface before treatment (b) Surface after treatment

s ™

(c) Cross section before treatment (d) Cross section after treatment

Kl 4 Si-600 B2 /K 28 Ab BT J 2 i AT I A SEM JERY
Fig.4 SEM images of surface and cross section of Si-600 membrane before and after steam treatment
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R SIO, THALIEL. HEAIELE T 3 AN A (400,
600 F1800 °C) T il % 1) SiO, i FLIR £ 7K 28T AR B Ji5 (1) Bt
SEPERE, S RAGBILL T 4518,

(1)7£ 400~800 “C [¥j4% el FE Va1 4 il £ H (1) SiO,
JEEAE 200°C 2 0.3 MPa 41 T X He MBEE & A
(7.29~12.7)x10"® mol/(m?-s-Pa), 600 “C & ik i s ) PR AR /)
BT 4y Wik B 98(He/CO,), 49(He/O,), 64(He/Ny),
79(He/CH,) F1 91(He/SFg), B fill £ 1) Si0, AT 7>
5 53 .

(2)1AL SiO, BEAEIK A TEAT F AR E PR R T
JES (R BE BRI B, 400, 600 Fl1 800 °C 5 Jl I I (1) 7K 25 B
SE 1K 1439304 8, 200 Al 200 kPa.
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Hydrothermal Stability of Microporous SiO, Membranes
QI Hong, HAN Jing, JIANG Xiao-luo, TAO Zhen, XING Wei-hong, FAN Yi-qun

(State Key Laboratory of Materials-Oriented Chemical Engineering, Membrane Science and Technology Research Center,
Nanjing University of Technology, Nanjing, Jiangsu 210009, China)

Abstract: Preparation and hydrothermal stability of microporous silica membrane were studied. A stable SiO, polymeric sol was
successfully synthesized with tetraethylorthosilicate as precursor through polymeric sol-gel route. a-Al,O3 supported defect-free
mesoporous y-Al,O3 disk membrane with average pore size of about 3 nm was fabricated via dip coating and subsequently calcined at
600 “C. The effect of calcination temperature on the properties of SiO, powder and gas permeabilities of supported SiO, membranes,
especially with regard to the hydrothermal stability of SiO, microporous membranes, was studied in detail. The results show that He
permeability of SiO, membranes calcined at 400~800°C was (7.29~12.7)x10"° mol/(m?s-Pa) at 200 C and 0.3 MPa. The
permselectivity of He with respect to CO,, O,, N,, CH,and SFg was 98, 49, 64, 79 and 91, respectively, indicating a molecular sieving
effect. The calcination temperature played a key role in determination of the hydrothermal stability of microporous silica membrane,
which was confirmed experimentally. The performance of SiO, membrane calcined at 400, 600 and 800 °C deteriorated under the H,O
pressures of 8, 200 and 200 kPa, respectively.
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