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Abstract: Polyimide membranes were prepared for use in hydrogen purification from the coke oven gas (COG) produced
in steel making industry. A low cost polyimide of 5-(2,5-dioxotetrahydrofuryl)-3-methyl-cyclohexane-1,2-dicarboxylic
anhydride-4.4’-oxydianiline (DOCDA-ODA) was employed as a new polymer. Both dense films and thin composite
membranes were prepared. Comparing with a dense film prepared from a commercial polyimide, the dense DOCDA-
ODA film exhibited high H,/CH, gas selectivity and low hydrogen permeability. Thin DOCDA-ODA membranes were
also prepared on alumina substrates, and the separation performance was optimized through tuning coating conditions as
well as applying caulking layers. The intrinsic gas separation of the DOCDA-ODA material was well-preserved in the
DOCDA-ODA membranes. A DOCDA-ODA membrane showed H,/CH, selectivity of 234.22 and H, permeance of
147.56 GPU, which value was higher than that of a commercial polyimide membranes. Thus, DOCDA-ODA polymer
would expect to be used as a low cost polymeric material for the hydrogen separation membrane.
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Table 2. Physical Properties of H,, O,, N, and CH,

H, 0, N, CH,
Kinetic diameter (A) 2.89 3.46 3.64 3.80
Molecular weight (g/mol)  2.02 32.00 28.01 16.04
Critical temperature (C) 2402 -118.8 -147.1  -82.1
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Figure 1. (a) XRD patterns of DOCDA-ODA and Matrimid® 5218;
(b) H, permeability and H,/CH, selectivity of polymeric materials.
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Table 3. Solubility, Diffusivity, and Permeability of Polymer Materials

Permeability Diffusivity Solubility H,/CH,
Polymer (10" em*(STP)-cm/cm*s-cmHg) (107 cm?¥s) (107 cm*(STP)/cm*-cmHg) Selectivity
H, O N, CH H O N, CH H O N, CH P D S
6FDA-TMPDA? 47636 1003 282 2242 - 4.087 1.263 0.338 - 25 223 663 2124 - -
pPC* 1459 202 0301 024 13.14 038 043 0.36 .11 52 07 065 60.79 36.5 1.71
PIM-1% 2936 969 252 320 29555 21.20 7.13 272 994 457 35 1177 9.175 108.66 0.084
PEI® 856.1 1199 21.8 18.9 6250 337 238 722 0.137 0.355 0.0917 0.04 453 86.57 3.425
PEBAX® 1657 7.8 33 1.3 4.1 484 8.5 74 4 0.16 0.388 0.176 1.03 1.9 12.1  0.155
P84’ 8.0 0.57 0.05 0.040 447 0.15 0.02 0.0034 178 3.80 243 11.76 200 1314.71 0.151
oot _P])If}g%?; 538 1024 265 23 - - - 024 - - - 94 231 - -
Cellulose acetate®® 8.0  0.55 0.083 0.09 - - - - - - - - 88.89 - -
Matrimid® 5218 2527 1297 0208 0.187 91.7 0.181 0.0324 0.00582 0.276 7.16 6.42 32.1 135.13 15756 0.00859
DOCDA-ODA 11.84 0.875 0.131 0.103 56.5 0.0978 0.0226 0.00676 0.210 894 5.80 152 114.95 8357.98 0.0138
PDMS 905.77 378.12 243.03 408.76 - - - - - - - - 222 - -
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Figure 2. Schematic of the experimental process.
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Figure 3. SEM images of (a) alumina disk; (b) alumina sol coated
disk; (c) Matrimid® 5218 with PDMS coated membrane; (d) DOCDA-
ODA with PDMS coated membrane; (¢) XRD patterns of mem-
branes.
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(c) Hy/CH, selectivity.
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Figure 5. Pure gas permeances and H,/CH, selectivity of (a) Mat-
rimid® 5218 0.05 wt%; (b) Matrimid® 5218 0.1 wt%; (c) Matrimid®
5218 0.2 wt%; (d) Matrimid® 5218 0.5 wt% with the number of
PDMS coatings.
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Figure 6. Pure gas permeances and Hy/CH, selectivity of (a) DOCDA-
ODA 0.05 wt%o; (b) DOCDA-ODA 0.1 wt%; (c) DOCDA-ODA 0.2 wt%o;
(d) DOCDA-ODA 0.5 wt% with the number of PDMS coatings.
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Figure 7. Performance summary of Matrimid® 5218 and DOCDA-
ODA membranes for Hy/CH, separation.
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