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Fabrication and hydrothermal stability of microporous Nb,Os

membrane for pre-combustion capture of CO,
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Abstract: Polymeric Nb; O; sols were successfully synthesized via sol-gel process by using niobium penta

(n) butoxide as a precursor. Effects of synthesis parameters, including pH of system, hydrolysis ratio,

reaction temperature, reaction time and chelating agent, on the state and size of Nb,O; sols were

investigated in detail. Microporous Nb, O; membranes were deposited on defect-free y-alumina membranes

with an average pore size of ca 3 nm, by using polymeric Nb,O; sol with an average size of 4 8 nm. The

properties of Nb,O; powder and the supported Nb, O; membranes were characterized by TG, XRD, NH;

adsorption-desorption, CO, adsorption, Fourier-transform infrared spectroscopy of pyridine adsorption

(Py-IR) and single gas permeance test. Results showed that the single hydrogen permeance and H,/CO,

permselectivity of 350 °C-calcined microporous Nb, O; membrane were 3. 1 X107 mol e m ? « s~ ' « Pa™!
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and 21, respectively, measured at 200°C and 0. 3 MPa. The single gas permeance and H,/CO, permselectivity

of the membrane remained fairly stable after insitu exposure to 150 kPa steam for 8 h.
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Table 1 Effects of process parameters on average particle size of Nb, Os sols
Nb,Os sol  n(HT) : n(NPB) n(H,0) : a(NPB) Temperature/C Time/min n(Acac) : n(NPB) Average particle size/nm
1 0. 04 2.2 0 90 — 32
2 0. 04 2.2 60 90 — 32
3 0. 04 22 40 90 — 32
4 0. 04 22 40 30 2.3
5 0. 04 2.2 40 60 — 2.3
6 0. 04 2.2 40 180 — 2.7
7 0. 04 22 40 360 — 2.7
8 0. 012 22 60 90 4.7
9 0. 02 2.2 60 90 — 39
10 0. 048 2.2 60 90 — 35
11 0. 049 2.7 60 90 — 32
12 0. 058 32 60 90 gelation
13 0. 133 7.4 60 90 0. 26 131
14 0. 133 7. 4 60 90 0. 52 6. 4
15 0. 133 7.4 60 90 0. 34 81
16 0. 133 7.4 0 90 0. 34 2.6
17 0. 133 7.4 40 90 0. 34 4.4
18 0. 133 7. 4 40 30 0. 34 2.3
19 0. 133 7.4 40 60 0. 34 38
20 0. 133 7.4 40 180 0. 34 4 2
21 0. 133 7.4 40 360 0. 34 5 4
22 0. 097 54 60 90 0. 34 33
23 0. 115 6. 4 60 90 0. 34 4.8
24 0. 142 7.9 60 90 0. 34 10, 2

Note:“—" indicating without Acac dopant.
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Table 2 Surface area A, absolute value of parameter
D and Ign,, of powders which were

calculated from Eq. (1) and Eq. (2)

Specific surface area

Powder ID[(COz) lgnnm
A/m?eg!
Nb, O (300°C) 12. 0 0. 235 —3. 95
Nb, 05 (350°C) 16. 9 0. 292 —3. 80
Nb; O; (450°C) 14. 0 0. 250 —3. 89
BTESE300:%! 422 0. 176
Nb-BTESE350/22] 126 0. 206 —2 93

Note: “BTESE300” indicating organic-inorganic hybrid silica
membrane that fabricated by using 1, 2-bis (triethoxysilyl) ethane
(BTESE) as a precursor and calcined at 300°C . “Nb-BTESE350”
indicating organic-inorganic hybrid silica membrane that fabricated
by using 1, 2-bis (triethoxysilyl) ethane (BTESE) and niobium penta

() butoxide as precursors and calcined at 350°C .
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