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Abstract ;: Two challenges faced by carbon membrane for application on commercial scale are its low permea-
bility and poor mechanical strength: “And it-is attributed to the vermiform pore structures and special charac-
teristics of carbon membranes. In order to'solve these problems, methods such as choosing the precursors
with suitable chemical structure and space mould; incorporating nano-size functional groups into precursors
are employed to effectively change and improve the vermiform pore structures of carbon membranes and en-
hance the gas permeabilities of carbon membranes. The results indicate that the gas permeabilities of hybrid-
ized function carbon membranes are increased by 2 orders in magnitude without reducing the gas selectivity
obviously. Besides, some functional carbon membranes have also revealed higher gas selectivity for some ga-
ses such as CO,. The coal-based composite carbon membranes with high gas permselectivity are developed
by dip-coating the precursors on the cheap coal-based supports invented by ourselves to improve the mechani-
cal strength of carbon membranes.

Key words: carbon membrane; functionalization; gas separation; composite carbon membrane
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Table 1 Gas permeability and selectivity of PI and unsupported carbon membranes (25°C)

Permeability /Barrer *

Ideal selectivity

Sample H, Co, N, H,/N, CO,/N, 0,/N,

pr] 4.420 3.500 0. 160 0.038 116.3 92.1 4.2
Pl-Carbon'"" 253.00 158.00 12.00 0.81 312.5 195.1 14.9
PEI-Carbon 700°C %! 1077.00  742.00 109.00 7.66 140.7 96.9 14.2
PEI-Carbon 850°C ') 228.00  246.00 65.10 2.01 113.2 122.4 32.4
PPESK in pilot plant-Carbon'"’ 1016.0 710.0 188.0 13.9 73.1 51.1 13.5
PPESK in lab-Carbon'"! 118.00 85.00 10. 80 0.68 266. 1 171.7 24.6

*1Barrer =1 x 10 "cm® (STP) em/(cm? - s - cmHg)
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Table 2 Gas separation performance of composite carbon membranes
Sample Permeation rate/( x 10" ;mol - m* - s~ - Pa) Selectivity
H, co, 0, N, CH, H,’N,  CO,/N, 0,/N, CO,/CH,
Tubular PFA-carbon/catalyst A 7 211.0  19.3 13.9 1.4 0.7 146.5 13.4 9.7 26.6
Tubular PFA-carbon/catalyst B/ 130.00 11.70  4.70  0.40  0.09 347.0 31.4 12.5 134.0
Tubular PFA-carbonl 6.10 - 0.56  0.02 - 178.0 - 30.0 -
Tubular PPESK-carbon'""’ 75.20 14.80  6.63 1.82 - 104.3 21.8 13.7 -
Plate PAA-carbon'®’ 456.0  88.7 49.9 4.8 - 94.3 18.3 10.3 -
Tubular PFA-carbon2*'! 25.60 1.87  6.20 1.24  0.04 20.6 1.5 5.0 45.1
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Table 3 - Gas permeabilities and selectivities of hybridized function carbon membranes (25°C)

Permeability/Barrer Selectivity
Sample
H, co, 0, N, CH, H,/N, CO,/N, 0,/N,  C0,/CH,
Si0,/CM 3530 1107 293 54 - 65.3 20.5 5.4 -
Tio,/ ¢ 5263 3039 520 62 23.0 84.8 48.9 8.4 132.0
4A/CHY 2700 1968 646 75 - 36.0 26.2 8.6 -
Beta /CH! 2313 1567 277 32 - 72.6 49.2 8.7 -
ZSM-5/C700°C H" 5399 3020 671 59 - 91.5 51.2 11.4 -
7SM-5/C600°C 1 1078 984 431 30 - 36.0 33.0 14.4 -
Y/ ¢t 2280 1022 501 32 - 71.0 31.8 15.6 -
/¢! 4230 1773 486 37 13.0 113.7 44.7 13.1 136.0
T/C(M" )P - 1532 347 23 8.6 - - 15.0 178.0
SBA-15/CH 1807 1410 246 37 14.5 49.0 38.0 6.7 97.0
SBA-15/C (M) - 1618 292 34 9.5 - - 8.6 170.0
MCM-48 /CH 3838 2508 527 64 25.0 60.0 39.2 8.2 100.3
MCM-48 /C (M) - 2358 758 67 17.0 - - 11.0 139.0
MCNTs/C 4461 3465 718 101 - 44.0 34.2 7.1 -
CMK-3/¢M 4319 2224 548 64 - 68.0 35.0 8.6 -

M* : Mixed-gas permeability: n(0,):n(N,) =21:79; n(CO,):n(CH,) =50:50; the others are pure gas permeabilities
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Table 4 Pore structure characteristics of coal based supports

Subnort Average pore Porosity Maximum pore
PP size/ pm /% diameter /pm

Tube 0.10-0.52 42.4-53.4 0.95-0.78

Plate >/ 0.23-0.38 27.6-40.3 1.70-0.48
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Fig.5 SEM images of coal-based supports
(a) Cross section of coal-based carbon tube*!; (b) Cross section of coal-

based carbon plate! >’
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(a) Surface; (b) Cross section
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