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INTRODUCTION
   Polyimides have attracted much attention as membrane materials of gas separation because of their excellent performances[1]. In general, gas mixture can be fractionated by using  nonporous polymer membranes that have a selective permeability to a gas. Glassy polymeric materials exhibit a better selectivity for gas separation than do rubbery materials but a rather low permeability[2]. Synthetic Asymmetric polymer membranes can be prepared from a variety of materials in various ways. Examples of industrial applications are microfiltration, ultrafiltration, reverse osmosis and gas separation[3,4]. The most popular method of preparing asymmetric polymeric materials is phase separation process. nonslovent induced phase inversion process (NIPI) method is the common membrane preparation way. The first asymmetric membranes were prepared by Loeb and Sourirajan according to the NIPI process[5].  In the NIPI process, a thin film of a homogeneous polymer solution is contacted with a second liquid which is a nonsolvent for the polymer but which is miscible in all proportions with the polymer solvent and exchange of solvent and nonsolvent across the interface introduces phase separation in the polymer film, which can lead to a variety of characteristics as symmetric or asymmetric structures. 

   The various studies have shown that structural changes leading to increased permselectivity invariably result in decreased membrane permeability[6-8]. The objective for the gas separation membrane synthesis is to produce an asymmetric structure in the precipitated film consisting of a thin, dense skin supported by a thick, more porous sublayer since such morphologies impart high permselectivity in combination with high permeability. Recently , it is reported that polyimides with 2,2-bis(3,4-decarboxyphenyl) hexafluoro- propane dianhydride (6FDA) exhibit both a high gas permselectivity and permeability. Gas separation characterizations of nonporous 6FDA polyimide membranes are actively studied[9,10], but those of asymmetric case are rarely investigated. In the present article, preparation of asymmetric 6FDA-ODA membranes by NIPI for gas separation was investigated in terms of solubility parameter and membrane structure.

EXPERIMENTAL

Materials
   4,4' hexafluoroisopropylidene diphtalic anhydride(6FDA,Aldrich) and 4,4-oxydianline (ODA, Aldrich) used in this study. They were finally purified by vacuum sublimation before use in polymerzation. The solvents N,N-dimethylactamide (DMAc, 99.8%, anhydrous, Aldrich) was used without further purification. The nonsolvent used for phase inversion was H2O and mixtures of DMAc and H2O. When DMAc/H2O mixtures were used, the cast film was immersed in 8/2, 6/4, 5/5 mixtures. The immersion time of casting film into a nonsolvent bath was 30 s. 

Membrane Preparation

   The poly amic acid ( PAA) precursors were prepared by solution condensation of diamines with stoichiometric amount of 6FDA in DMAc. The polymer was prepared a 15 weight %. The asymmetric structure in PI film was formed by the nonsolvent induced phase inversion method. The PAA solution was cast onto a glass substrate and evaporated in 5 s, and then immersed in nonsolvent immersion bath for PAA polymer. Porous PAA gels prepared by this method were dried at 70(C in vacuum oven and then obtained final asymmetric polyimide films by thermal imidized at 350(C for 3 h. 

Pore Structure and Solubility Parameters
   The specific surface area and pore volumes of membranes were analyzed using the Gas adsorption-desorption measurement, BET(FISONS instruments, SORPTOMATIC 1990). Solubility parameter of solvent and nonsolvent obtained from Van Krevelen data[11], and that of polymer calculated by group contribution of Hansen table[12].

Gas Permeation

   Measurements of the permeability were carried out at 25(C using the apparatus. The surface areas of the membrane was 12.57 cm2 . Permeation rates were measured by volume change with a soap-bubble meter. Five to ten runs were made any given conditions and the arithmetic average value was taken. This procedure was repeated with different gases. 

RESULTS AND DISCUSSION

Table 1 represents solubility parameter difference of polymer-nonsolvent and solvent-nonsolvent. As increasing the DMAc amounts of nonsolvent, the solubility difference between nonsolvent and polymer is decreased. As shown table 2, The smaller is the DMAc amounts of nonsolvent , the smaller is pore specific volume and the larger is the specific surface area. These results predicts that the DMAc amounts of nonsolvent play an important  roles in forming of membrane structure. The smaller the solubility parameter difference of polymer-nonsolvent , the easier the dense skin structure arised from collapsing of porous structure and weak polymer matrix. This results from also the osmotic pressure, which developed from the great affinity between solvent and nonsolvent. The larger is the,DMAc amounts of nonsolvent, the weaker is the osmotic pressure, indicating  the less pore structure is formed. This explains the behavior when using the 50/50(Water/DMAc) as the nonsolvent. Fig.1 shown the quantitative relationship between the nitrogen permeation and the amounts of DMAc. The larger is the,DMAc amounts, the smaller is the nitrogen permeation. From the results, it is predicted that increasing the DMAc amounts of nonsolvent induced more dense pore structure than others. 
CONCLUSION
   It is found that the solubility parameters difference with each other(solvent, nonsolvent, and polymer) play an important roles in determining the structure and gas permeation properties of membranes. . The larger is the,DMAc amounts of nonsolvent, the less pore structure is formed and the smaller is the nitrogen permeation.
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Table 1. Solubility parameter differences of nonsolvent-polymer and nonsolvent-solvent
Component
Solubility parameter(J/cm3)1/2
Difference with polymer

(6FDA/ODA)
Difference with solvent

(DMAc)
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6FDA-ODA
23.78
-
-
-
-
-

Water/DMAc
100/0
48.0
12.3
31.3
34.2
11.48
31.4


80/20
42.2
13.2
27.3
29.4
10.58
25.1


60/40
36.8
14.1
23.4
24.6
9.68
18.4


50/50
34.1
14.5
21.4
22.2
9.28
15.7

DMAc
22.7
16.8
11.5
10.2
6.98
-

   Table 2. Specific surface area and pore specific volume of polyimide films
Type of nonsolvent
Specific surface area (m2/g)
Pore specific volume (cm3/g)

Water

/DMAc
100/0
186.80
0.776


80/20
230.42
0.509


60/40
285.20
0.444


50/50
308.11
0.366
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Fig.1. the quantitative relationship between the nitrogen permeation

        and the amounts of DMAc. 
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