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Abstract— Formation of asymmetric polyimide membrane based on PMDA and BTDA was investigated and pore vari-
ation and gas permeation properties of membranes were researched according to physical factors : solubility parameter dif-
ference and surface tension. Control of pore formation was performed by nonsolvent induced phase inversion process. The
range of pore specific volume of prepared asymmetric polyimide membrane was 0.512-1.239 cm’/g. It was found that mem-
brane pore formation was determined by solubility parameter difference or surface tension in ternary phase polymer system.
The formation mechanism of surface layer and sub-layer was also affected by physical factors in ternary polymer system.
The permeance of nitrogen gas 0.07-0.39x 10" mol/m* Pa-s. The gas flux of BTDA-polyimide membranes was lower than
that of PMDA-polyimide. Permeation rate was decreased with ODA>>1,4PDA>1,3PDA polyimide in any of dianhydrides.

Key words: Physical Factors, Asymmetric Polyimide Membrane, Gas Permeation, Pore Variation, Nonsolvent Induced Phase
Inversion Process
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Fig. 1. Chemical structure of dianhydrides and diamines used in study.
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Fig. 2. Schematic description of nonsolvent induced phase inversion
process.
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Fig. 4. FT-IR spectra of polyimide membranes.
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Inlet Outlet
Fig. 5. Scanning electron microscopy of inlet surface layer of PMDA-4-4'ODA porous polyimde membrane.
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Fig. 6. SEM photographs of various asymmetric polyimide membrane by phase inversion.
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Table 1. Pore properties of asymmetric polyimide membranes
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Table 2. Estimation of solubility parameter and surface tension of
BTDA-4,4'0ODA PAA by group contribution
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Polyimide type

. PMDA/440DA  PMDA/14PDA PMDA/1,3PDA BTDA/44'0ODA  BTDA/1,4PDA BTDA/1,3PDA
Specific value
Monolayer volume(cm’/g) 174.466 182.662 180.211 197.251 218.251 210.382
Specific surface area(mg) 759.485 804.54 789.23 858.675 876.23 871.11
Pore specific volume(cm®/g) 0.632 0.512 0.583 1.239 1.012 1.102

Table 3. Solubility parameter differences and surface tension of polymer system

Solubility parameters and their difference(J/cm®)"?

Surface tension(mJ/m®)

Component
S S, S, S Adysp A p Adyss Y

PMDA-4,4'0DA 33.22 - - - 14.78 10.52 - 292.04
PMDA-1,3PDA 35.96 - - - 12.04 13.26 - 377.96
PMDA-1,4PDA 35.96 - - - 12.04 13.26 - 377.96
BTDA-4,4'0DA 324 - - - 15.66 9.64 - 286.82
BTDA-1,3PDA 33.11 - - - 14.89 10.41 - 353.39
BTDA-1,4PDA 33.11 - - - 14.89 10.41 - 353.39
Water(nonsolvent) 48.0 123 313 342 - - 26.7 72.8
DMAc(solvent) 227 16.8 11.5 10.2 - - 26.7 25.02
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