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Introduction

Tonic liguids (ILs) are molten salts that are fluid owver a wide
temperature range, with higher viscosities (102 to 10° Pa ) than either
aqueons (=107 Pa s} or organic (~6 % 107 Pa §) electrolytes at room
temperature. Their potential for recyclability, ability to dissolve a
varety of matenals, and negligible vapor pressure are some of their
unique attributes responsible for newly found popularty. Eecently,
ionic liquds have explosively been researched as environmentally
benign solvent substitutes for conventional wvolatile solvents in a
variety of applications such as chemical synthesis,! extracticns??
dissolution,’ polymerizations and cata.lysis.ls Very recently we also
found a new, effective application of IL to facilitated olefin transport
membranes by controlling the strength of ionic interaction in
pelymer/silver salt complexes.”

The facilitated olefin transport membranes consst of polymer
having the functional group and silver salt capable of reacting with
olefin molecules reversibly? Silver polymer electrolyte membranes
consisting of AgBFy or AgCF:30; disselved in either poly(2-ethyl-2-
oxzazoline) (POZ), poly(-wvinyl pyrrolidone) (PVEY or poly{ethylene
oxide) (PEO) showed that the mixed gas selectivity of propvlene over
propane reached 45 and the mixed gas permeance up to 12 GPU {1
GPU =1z 10° cm® (STPVem® 5 cmHg)? However, the membranes
containing  AgNC:  was  not  effectively  used to  separate
propylene/propane mixtures because of the high lattice energy of salt.
In previcus paper, we reported on the successful use of IL in
controlling the interaction between Ag’ and NCx', thus making Ag’
mere active in silver-olefin complexation. The permeance increased
from?[fl.l to 5.5 GPU and the mixed gas selectivity did from 1.0 to
32.0.

Maintaining the long-term stability of separation performance
through the membranes 15 also sgnificantly important issues in
facilitated olefin transport membranes. The gradual decrease in
separation  performance with time through the slver polymer
electrdlyte membranes have been frequently cobserved” mostly
because of the loss of carrier activity by the reduction of silver ions to
silver nanoparticles. This reduction 1s onginated from the fact that the
polymer matrices such as POZ, PVP or PEO play a significant role as
areducing agent for silver ions 1*!

Isabel and Luis explained that M M-dimethylformamide (DIE)
in water causes the slver ions to be reduced as foll ows: 2

HCONMeZ + 248" + HyO « 245" + Me2NCOOH + 2H

Because the structure of PVP having amide group is similar to
DMF, the similar reduction behavior is expected under the existence
of water. Therefore, if other sclvents are used for the preparation of
polymerfsilver salt membrane, the reduction of silver ions might be
prohibited for a long time. It has been also reported that alcohels
participate in the reduction reaction of silver iens.!® Thus, the use of
alternative solvent other than water or alcohels are seemingly
desirable. In this paper, therefore, we introduced IL and acetonitrile
(ACH) as a solvent to prepare polymerfalver salt complex membranes
and investigated the separation performance of facilitated transport
membranes for propylene/propane mixtures.

Experimenial

Silver tetrafluoroborate (AgBFy, 29%0), polyIT-vinyl pyrrolidone)
(PVP, b, = 1.3%10° gfmel) were purchased from Aldrch Chemical
Co. 1-butyl-3-methylimidazelivm nitrate (BMIMIC:) as an ionic
licuid was purchased from C-TEI Co.
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The mole ratio of alver ions to the monomeric units of polymer
was fized at 1:1. Inttially, (PVFE in water)/AgBFy membrane showed
the selectivity of 46 and the permeance of 12 GPU at [C=0][Ag]=1:1.
(PWP in ACHNYAgBF, membrane showed the selectivity of 41.2 and
the permeance of 12.3 GPT at [C=0]:[Ag]=1: 1. On the other hand, for
the (PVP in IL)AgBF, membranes the selectivity of propylene ower
propane was 7.2 and the permeance wasto 3.6 GPU, respectively.

The relatively lower separation performances of (PVP in
ILyiAgBFy membranes might be explained as follows First, (PVP in
ILy/AgBFy membranes has much higher thickness than other two
membranes, because IL 15 hardly wolatile and thus mostly {~ 95w in
the total membrane) remaing in the membranes. Second, since the
concentration of IL in the membranes is higher, the relative
concentration of silver ions in the total membrane becomes lower even
at the same [C=0]:[Ag]. Thus the activity of silver ions in (PVP in
Iy /AgBFy membranes becomes lower, leading to lower separation
performance of the membranes.

The (PVP in water W AgBFy membrane showed therapid decrease
of separati on performance with time. On the other hand, the 1.1 (PWVP
in ACNWAgEF, membrane showed the long-term stability for 100
hours, after which the detemioration of separation performance was
gradually observed Howewer, the selectivity and the permeance of the
(PWP in ILWAgBF, membrane were nearly constant for the duration of
the experiment up to 160 h, implying the activity of silver ions as
clefin carriers is very stable in this system. The detailed mechanism of
the long term stability of silver ions in (PVP in IL)AgBF, membrane
will be discussedin next section.

Conclusions

The effect of solvent, i.e IL, ACN and water was investigated on the
long-term stability of polymer/silver salt complex membranes together
with the correlation with the reduction behavior of silver ions to slver
nanoparticles It was found that the 1.1 (PVP in ACMNYARFE, and 1:1
(PWVP in IL) AgBF, complex membranes are more stable with time in
separation  of propylenefpropane mixtures than 1.1 (PVP in
water )W AgBFs complex membrane. It 1z believed that the deterieration
of long term stability in (PVP in water)/ A gBFy membrane with time is
attributable to the role of water trace remained in the membranes asa
reducing agent. Futthermore, the higher stability of 1.1 (PVP in
Iy /AgBFy complex membranes could be explained by the fact that
the silver ions coordinated with IL are more stable than those
coordinated with carbonyl oxvgens, confirmed by FTIR spectroscopy.
Therefore we succeeded in preparing the long-term stable membrane
for clefinfparaffin separation by using 1onic ligud as an alternative
solvent.
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