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Introduction
Olefin/paraffin mixture has been separated by the energy intensive cryogenic distillation process. The membrane process using the concept of facilitated transport has been considered to be a very promising alternative as an energy-saving process.[1] In the facilitated transport, carrier-mediated transport occurs in addition to a normal Fickian transport due to the reversible reaction of carrier with a specific solute. Therefore, separation efficiency can be improved remarkably. 

It has been well known that silver ions can reversibly react with olefin molecules to make silver-olefin complexes.[2] Because of such reversible and specific reaction of silver ions with olefin molecules, silver ions can act as an olefin carrier for facilitated transport. In general, the facilitated transport phenomena have been mostly observed in supported liquid membranes or ion exchange membranes such as Nafion( containing silver ion carrier together with water. However, evaporation of liquid media in such liquid membranes gives a serious drawback and problems for practical applications. Here we report solid membranes containing polymer-silver salt complexes as olefin carriers for the separation of propylene/propane mixtures [1].
Experimental

Polymer-silver salt complexes were made by dissolving a silver salt, silver triflate (AgCF3SO3) or silver tetrafluoroborate (AgBF4), to a polymer solvent, poly(2-ethyl-2-oxazoline) (POZ) or poly(vinyl pyrrolidone) (PVP). POZ (MW: 500,000) and PVP (MW: 1,000,000) were purchased from Aldrich Chemical Co. (Milwaukee, WI) and Polysciences, Inc. (Los Angeles, CA), respectively. AgBF4 (98%) and AgCF3SO3 (99+%) were purchased from Aldrich Chemical Co. All chemicals were used as received.

For permeation experiments, the polymer electrolyte solution (20 wt %(w/w) in water) was coated onto a microporous membrane support (from SAEHAN Industries Inc. Seoul, Korea) to make composite membranes using a RK Control Coater(. Composite membranes were first dried at 40oC for a day in a light-protected convection oven under nitrogen environment and subsequently in a vacuum oven for a day at 50oC. The permeation properties of pure dry gases were measured at feed pressures between 140 kPa and 550 at 23oC. Volumetric gas flow rates were determined with a soap-bubble flowmeter. 

For spectroscopic and sorption experiments, the polymer electrolyte solution in water was cast on a glass plate and dried under nitrogen environment. The cast films were finally dried overnight in vacuum at room temperature to remove residual water. After drying completely, films were lifted from the glass plate. FTIR measurements were performed on a Mattson Glaxy 6030 spectrometer. For sorption experiments, a film was placed in the sample chamber and exposed to vacuum overnight to remove water vapor. Propylene gas was then introduced into the chamber and allowed to equilibrate. Once the chamber pressure was constant, additional gas was introduced and again allowed to come to equilibrium. In this incremental manner, propylene uptake as a function of gas pressure was determined.

Results and Discussion

A complex formation of silver cations with polymer was investigated using the FTIR spectroscopy. The FTIR experimental results demonstrated that specific interaction between carbonyl oxygen atoms with silver cations existed and silver cation coordinates with carbonyl oxygen up to 1:1 mole ratio (data not shown). 

Permeation experiments were carried out using pure dry propylene and propane gases through four different solid membranes (two silver salts (AgBF4 and AgCF3SO3) and two polymer solvents (POZ and PVP). The permeances of propylene through the membranes are shown as a function of feed pressure in Figure 1. The polymer membranes containing AgBF4 in POZ or PVP gave the propylene permeance about 45 gpu (1 gpu = 1x10-6 cm3(STP) cm-2 sec-1 cmHg-1) at 140 kPa whereas the propylene permeance through membranes made of pure POZ and PVP was unmeasurably small (less than 0.1 gpu) with our flowmeter. This result shows more than two orders of magnitude increase in terms of the propylene permeance and clearly demonstrates the facilitated transport of propylene due to the presence of silver ion. In the case of propane, however, the permeate flow rate was too small to be detected regardless of the presence of any silver salts. Therefore, pure gas selectivity is at least 450 at these experimental conditions and this fact implies that polymer-silver salt complexes could be successfully used as a facilitated transport membrane material for separation of olefin/paraffin mixtures. 

Propylene sorption experiments were conducted using the pressure decay method to understand the high propylene permeance in the membranes. The propylene solubility in the POZ/AgBF4 film at 25oC was plotted against propylene pressure as shown in Figure 2. In this figure, an open symbol represents the propylene solubility in pure POZ at 136 kPa. The propylene solubility in pure POZ and POZ/AgBF4 (1:1) films at 136 kPa are 9 and 225 cm3(STP)/cm3, respectively. The result indicates that the propylene solubility in POZ/AgBF4 film is 25 times higher than in POZ alone. This dramatic change clearly shows that there is a strong interaction between propylene molecules and POZ-AgBF4 complex.
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Figure 1. Dependence of feed pressure on propylene permeance through polymer membranes at 1:1 mole ratio of silver ion to carbonyl oxygen of POZ and PVP.
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Figure 2. Propylene solubility in pure POZ and POZ/AgBF4 (1:1) films at 25oC.
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