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Introduction

 Solid polymer electrolytes made from blends of polyethylene oxide (PEO) or poly(N-vinyl pyrrolidone) (PVP) with silver salts such as AgBF4, which exhibit both high olefin solubility and high olefin/paraffin selectivity even in the absence of water, have been reported[1]. 

However silver ions in PVP membrane are reduced to silver atoms in the presence of light[2,3]. It has been reported that PVP can reduce silver ions into silver atom in the presence of UV light. The reduction of silver ions to silver atoms might be occurred in the PVP membrane even in the dark oven. The reduced silver atoms are coalesced each other and grow into a larger particles in polymer matrix. When the size of silver particles reaches a critical value, the selectivity for olefins by silver atoms would no longer exist. The coalescence of silver atoms would be very slow due to the presence of polymer chain which provides the steric barriers for the growth of particles. 

Surfactant has both hydrophilic part and hydrophobic part in a molecule. Surfactant molecules adsorb at the interface formed between two phases spontaneously due to their unique molecular structure. If surfactant molecules exist in the solid polymer electrolytes, the surfactant molecules would adsorb into the surface of silver atom (or nuclei) and form surfactant films. This surfactant films hamper the coalescence and growth of particles in membrane. Thus, the stability of membrane against time would be enhanced by adding surfactant molecules in the membrane. In this study, the nonionic n-octyl-(-D-glucopyranoside (Alkyl Polyglucoside, APG) as surfactant was added into PVP-Ag complex membrane to investigate the effect of surfactant on the stability of membrane. 

Experimentals

 Materials : Silver tetrafloroborate (AgBF4) (99.99%), and n-octyl (-D-Glucopyranoside (APG) (98%) were purchased from Aldrich Chemical Company (Milwaukee, WI). Poly(vinylpyrrolidone) (PVP) (Mw=1,000,000) was purchased from Polyscience. And micro porous polysulfone(PSf) membrane was provided by SAEHAN Industry, Korea.  All chemicals were used as received. 

Preparation of PVP/AgBF4  polymer electrolyte : The silver salt (AgBF4) was dissolved in the 20 wt% PVP aqueous solution and stirred for 2 hours at room temperature. The molar ratio of carbonyl oxygen in PVP to silver ion in the solution was kept as 1:1(In this paper “PVP:AgBF4=1:1” corresponds to a 1:1 molar ratio of carbonyl oxygen atoms to silver atoms). The polymer-salt mixed solution was then coated on a microporous support membrane to make composite membrane using a RK Control Coater. The membrane was first dried in a convection oven under N2 environment and in a vacuum oven at 40℃ for 2days. The thickness of the support PSf layer and the top polymer electrolyte layer were approximately 100 (m and 1(m, respectively.

Preparation of PVP/AgBF4/APG polymer electrolyte : Two kinds of water-APG solutions were made using a magnetic stirrer. The same amount of PVP and silver salt with PVP-AgBF4 solution were added to each sample. The final molar ratio of a carbonyl oxygen to a silver ion to a surfactant was 100:100:1 and 300:300:1. Two kinds of membranes were made in the same way as described above.

Results and Discussion

PVP plays an important role in the protection of the synthesized silver particles, but it has also been found to act as a reducing agent. it is investigated whether or not PVP reduces silver ions in the dried-polymer electrolyte using transmission electron microscopy (TEM). Samples for TEM characterization were prepared in two different ways. In the first one, shown in Figure 1 (a), the sample was made with PVP(20 wt% in aqueous solution)-AgBF4(1:1). From the first TEM images, it was observed that even such a short time PVP reduce silver ions, most of the particles being in the range of 5-10nm. In the second approach, PVP-AgBF4 (1:1) and PVP-AgBF4-APG(100:100:1)electrolyte, which were stored for 1 month in dark vacuum oven, were cut in 1x1㎝. And then the fragments were dissolved in 10 ml water, respectively.  The color of water changed into yellow as soon as dissolving them, indicating there are small silver metal particles. This is further confirmed by our TEM result in Figure 1 (c), (d). Comparing the particle size between Figure 1(c) and 1 (d), particles in polymer electrolyte with surfactants were smaller. 

 Figure 2 shows the UV-visible absorption spectra of our systems. When the UV light of 254nm wave length is irradiated into the PVP-AgBF4 electrolyte, the silver particles start to form within 1minute, then the number of silver particles decrease with further irradiation. On the contrary, silver particles in PVP-AgBF4-APG electrolyte are continuously formed without the growth of size at the same condition.

As the particle-growth being continue, the total interface area of silver metal is reduced causing the holes. If this kind of holes are in the polymer electrolyte, the feed gas pass through the holes instead of dense polymer. Accordingly the selectivity decreases rapidly due to holes (finally becomes unity) and the permeance increases. The performance or efficiency of a given polymer electrolyte is lost.

This prediction is well confirmed, showing the selectivity and permeance of membranes composed of PVP-AgBF4 and PVP-AgBF4-APG, respectively. The selectivity (C3H6 / C3H8) of membrane without APG was drastically decreased with time. On the contrary, the selectivity of membrane with APG remained relatively constant around 60 with time. The size of silver particles formed by reduction of silver ions in membrane would be nanoscale as proven in Figure 1. It looks like that the nano-sized silver particles don’t affect the transport of propylene through the membrane. But, when the size of silver particles reaches a certain value, the facilitation of propylene by silver particles was not expected any more.

The permeance of membrane without APG increased with time after 15 days in the PVP-AgBF4 membrane. But the permeance of PVP-AgBF4-APG was not changed much even after 30 days. This might be due to the defects of membrane caused by the formation of large silver particles in PVP-AgBF4 membrane.  
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(a)                  (b)                 (c)                  (d)
Figure 1 (a) TEM image of as-prepared PVP:AgBF4 solution and (b) its enlargement
(c) TEM image of membrane-dissolved solution (PVP:AgBF4=1:1)
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(d) TEM image of membrane-dissolved solution(PVP:AgBF4:APG=100:100:1).

Figure 2. UV absorbance of PVP:AgBF4=1:1(left) and PVP:AgBF4:APG =100:100:1(right) with increasing time.
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