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Abstract —The volume change of an ionic liquid and the phase separation behavior of room temperature
ionic liquid(RTIL)/organic compound mixture in supercritical carbon dioxide were measured in a high
pressure view cell. 1-Butyl-3-methylimidazolium hexafluorophosphate ([bmim][PFs]) and 1-butyl-3-
methylimidazolium tetrafluoroborate ([bmim][BF4]) was used as ionic liquid(IL). and methanol and dimethyl
carbonate were used as organic compound. For a fixed amount of [bmim][PF¢] the lower critical endpoint
(LCEP) pressure, where the liquid phase is split, decreased as increasing the amount of organic compound.
The LCEP pressure became higher as the water content of ionic liquid was higher. However, for water
contents above a certain value, no LCEP was formed. LCEP appeared 1.0 MPa higher for a mixture with
[bmim][BF4] than with [bmim][PFs]. There was almost no difference in the K-point pressures for different
types of ionic liquid and for different amounts of organic liquid. When the concentration of ionic
liquid([bmim][PFs]) (IL/(IL+MeOH)) in the initial liquid mixture was larger than 5.9 mol% at the LCEP
of the mixture, the volume of L1 became larger than the volume of L,. When it was smaller, however,
the volume became smaller, too. The volume change of ionic liquid in the presence of carbon dioxide
decreased as increasing the temperature, while it increased as increasing the pressure. For temperatures
between 313.15 to 343.15K at 300 bar, it was about 123~125 % of the original volume.

Key words : ionic liquid, organic compound, supercritical carbon dioxide, phase equilibria, lower critical

endpoint (LCEP)
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Figure 1. Effect of pressure on the phase behavior of a
ternary system consisted of an ionic liquid, an
organic compound and carbon dioxide.
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Figure 2. Schemcatic diagram of the experimental equipment to measure the swelling
of ionic liquid in the presence of supercritical carbon dioxide.
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Table 1. Volume change of [bmim][PF¢] in supercritical
carbon dioxide

Volume Change [%]

Pressure

[MPa] 40T 50T 60°C 70C
2.76 6.7 6.3 5.3 4.5
5.58 13.8 12,5 10.4 9.0
8.27 19.6 17.7 15.0 13.2
11.03 21.7 20.0 18.0 16.1
13.79 22.3 21.5 19.5 18.1
16.55 23.1 22.7 20.3 19.3
19.31 23.6 23.2 21.3 20.1
22.06 24.2 23.6 22.0 21.0
24.82 21.4
2551 24.9 24.6 22.6

28.27 22.3
28.96 25.2 23.3

30.34 25.1

31.72 22.8
33.09 25.8 25.3
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Figure 4. Swelling of ionic liquid in supercritical carbon
dioxide.
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Table 2. LCEPs and K-points for ionic liquid/ methanol/
CO; systems

Initial IL concentration LCEP Pressure K-point
[(IL/IL+MeOH) mol%] [MPa] Pressure [MPa]
Moisture content in [bmimHPFs] = 700 ppm
4.85 6.99 8.26
6.36 6.96 8.26
6.79 6.98 8.28
7.23 6.97 8.26
7.54 6.99 8.26
7.83 6.97 8.26
9.25 7.04 8.26
11.96 7.16 8.29
14.02 7.20 8.30
15.63 7.35 8.25
16.26 7.38 8.25
17.67 7.77 8.24
18.47 N/A N/A
Moisture content in [bmimHPFs] = 170 ppm
9.25 6.94 8.24
Moisture content in [bmimHPFs] = 10,000 ppm
9.25 N/A N/A
Moisture content in [bmim][BFs] = 1200 ppm
5.18 8.03 8.27
Moisture content in [bmim][BFs] = 170 ppm
5.18 7.97 8.24
6.79 8.04 8.27
9.85 N/A N/A

Table 3. Lower critical endpoints and K-points for [bmim]
PFs]/ DMC/ CO,

Initial IL concentration LCEPs Pressure K-point
[mol%] [MPa] Pressure [MPa]
17.53 3.09 8.31
21.83 3.70 8.15
24.83 4.31 7.97
29.64 5.22 7.76
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Figure 7. Volume of L, phase vs. pressure for [bmim]
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