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Abstract
It is well known that CO, can be dissolved easily in imidazolium-based room temperature ionic liquids (RTILs). Because

of the high CO, solubility in RTILs, membranes containing RTILs can separate easily gas mixtures such as CO»/N, and
CO,/CHy. In this study, we prepared poly(vinylidene fluoride)-hexafluoropropyl copolymer (PVDF-HFP) gel membranes with
several RTILs and measured permeabilities of several gases. When the anion of ionic liquids was tetrafluoroborate(BF,), both
CO, permeability and selectivities decreased as the carbon number of the cation increased. When the cation of ionic liquids
was  l-ethyl-3-methylimidazolium[emim], = CO,  permeability —of gel membranes containing  bis(trifluoro-
methane)sulfoneimide(Tf;N") anion was double compared to those containing tetrafluoroborate(BF,) anion. However, CO,/N,
and CO,/CH, selectivities of the THN™ case were decreased, whereas the H, selectivity was almost the same for two cases.
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Figure 1. Structures of (a) ionic liquids and (b)PVDF-HFP.

kA, A2 o] 24 AA|(Room temperature ionic liquids, RTILs):
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Hong 51201 poly(vinylidene fluoride)-hexafluoropropyl copoly-
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IFARD  poly(vinylidene  fluoride)-hexafluoropropyl — copolymer
(PVDF-HFP, vinyliden fluoride #& = 85%, Mn = 110 kg/mol,

35kt 25 H 65, 2014

100 —
80
g
= 60
(=2}
o
=
40
20 T T T T T
0 100 200 300 400 500

Temperature (°C)

Figure 2. TGA graph of [emim][BF,]: PVDF-HFP=2:1 sample
(heating rate: 10 C/min, purge gas: N,, purge flow rate: 40 cm’
(STP)/min).

T.w=160 C)<} 8421 propylene carbonate (PC, HPLC grade) Aldrich®ll
A 7818131, oA AAIR! 1-ethyl-3-methylimidazolium tetrafluoroborate
([emim][BF4]), 1-butyl-3-methylimidazolium tetrafluoroborate ([bmim][BF4]),
1-hexyl-3-methylimidazolium tetrafluoroborate ([hmim][BF,]), 1-ethyl-3-meth-
ylimidazolium bis(trifluoromethane)sulfoneimide ([emim][THN])= C-trioflA]
TY3I3ATE Figure 100 2 Aglol] ARE-SE 01243 449} PVDF-HFP
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PVDF-HFP 0.0015 kg@} 27 oc}(o 00075 0.0015 I 0.003 kg)
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Table 1. CO, Permeability, N, Permeability, and Permeation
Selectivity of Gel Films (RTIL 33 wt%) with Various RTILs at 35 C.
1 Barrer = 1x10™ em® (STP) - em + em™ - s - emHg™!
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Table 4. CO, Permeability, N, Permeability, and Permeation
Selectivity of Gel Films Containing [emim][BF,] at 35 C. 1 Barrer =
1x10" em® (STP) * cm - em? - s™' - emHg™!

RTIL P (COy) P (No) Selectivity
(Barrer) (Barrer) (CO2/Ny)
[emim][BF4] 114 2.7 43
[bmim][BF4] 102 3.0 34
[hmim][BF4] 97 34 28
[emim][Tf;N] 205 7.9 26

Table 2. CO, Permeability, CH; Permeability, and Permeation
Selectivity of Gel Films (RTIL 33 wt%) with Various RTILs at 35 TC.
1 Barer = 1x10" em® (STP) - em - em? « s7 « emHg™

RTIL P (COy) P (CHs) Selectivity
(Barrer) (Barrer) (CO,/CHy)
[emim][BF4] 111 5.4 21
[bmim][BF4] 102 5.9 17
[hmim][BF4] 97 6.8 14
[emim][TH:N] 201 13.8 15

Table 3. CO, Permeability, H, Permeability, and Permeation
Selectivity of Gel Films (RTIL 33 wt%) with Various RTILs at 35 C.
1 Bamrer = 1x10™ e¢m® (STP) - em * em™ -+ 5™ - emHg™

RTIL P (COy) P (Hy) Selectivity
(Barrer) (Barrer) (CO»/Hy)
[emim][BF4] 116 14.4 8.0
[bmim][BF4] 103 17.3 6.0
[hmim][BF4] 98 22.0 45
[emim][Tf;N] 206 26.6 7.7

o] T3 A AAE IS UEiSith AHE-E PVDF-HFP 2 &
gkl oA MATE 33 wi% EFFEO] QISITh WA FOl22 tet-
rafluoroborate (BF,)= 131 Fol-& WA 7 A, o]itslgbi
FI == 1-ethyl-3-methylimidazolium[emim] > 1-butyl-3-methylimi-
dazolium[bmim] > 1-hexyl-3-methylimidazolium[hmim]¢1 ®kdef =
A FI %= l-ethyl-3-methylimidazolium[emim] < 1-butyl-3-methyl-
imidazolium[bmim] < 1-hexyl-3-methylimidazolium[hmim] % YERT
wpeba] o]kl A AU T |-ethyl-3-methylimidazolium[emim]
> 1-butyl-3-methylimidazolium[bmim] > 1-hexyl-3-methylimidazolium
[hmim]8] £A1E Btk AHRAO0R o] Az ©Aag7}t 57}
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F357) S7HIATHel AL 25 CollA [emim][BF,]2] Sal%+= 1.83
x 10° (m*(STP) m?Pa")Ql ®bdAol| [emim][THEN]S] S8t 2.4 x
107 (m*(STP) m°Pa™)Ql A Azpel & AX|sH17]). AT Ak
o] BT Z7PF Y & AR ollslehayd A A EE A
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[emim][BF4] : P (COy) P (N) Selectivity
polymer (Barrer) (Barrer) (CO,/Ny)
33 114 2.7 43
50 226 5.1 44
67 447 9.3 48

Table 5. CO, Permeability, CH; Permeability, and Permeation
Selectivity of Gel Films Containing [emim][BF,] at 35 ‘C. 1 Barrer =
1x10" em® (STP) - em - em? -+ 57 - emHg™

. P (COy) P (CHy) Selectivity
0,
[emim][BF4] wi% (Barrer) (Barrer) (CO,/CHy)
33 111 54 21
50 222 10.3 22
67 442 19.5 23
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Figure 3. Temperature dependency of (a) CO,/N,, (b) COY/CHs, (c)
CO,/H, permeation characteristics in PVDF-HFP : [emim][BF4] polymer
gel membrane ([emim][BF,s] = 50 wt%).
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