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Abstract: Solubility data of carbon dioxide (CO,) in the imidazolium-based ionic liquids with methylsulfate

-*‘i

anion are presented at pressures up to about 45 MPa and at temperatures between 303.15 K and 343.15 K.
The ionic liquids studied in this work were 1-ethyl-3-methylimidazolium methylsulfate (Jemim][mSQ,]), 1-butyl-
3-methylimidazolium methylsulfate ([bmim][mSO,]). The solubilities of CO, were determined by measuring
the bubble point or cloud point pressures of the binary mixtures using a high-pressure equilibrium apparatus
equipped with a variable-volume view cell. The equilibrium pressure increased very steeply at high CO,
compositions. The CO, solubility in ionic liquids increased with increase of the total length of alkyl chains
attached to the imidazolium cation of the ionic liquids. The phase equilibrium data for the CO, + ionic liquid

systems have been correlated using the Peng-Robinson equation of state.
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Table 1. lonic liquids studied in this work
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Chemical name Abbreviation CAS number  Molecular mass Purity [mass %]
1-ethyl-3-methylimidazolium methylsulfate [emim][mSOy] 516474-01-4 222.26 298.0
1-butyl-3-methylimidazolium methylsulfate [bmim][mSO,] 401788-98-5 250.32 >97.0
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A schematic diagram of the experimental apparatus:
(1) variable-volume view cell; (2) piston; (3) spin
bar; (4) sapphire window; (5) magnetic stirrer; (6)
temperature indicator; (7) borescope; (8) CCD
camera; (9) light source; (10) monitor; (11) CO,
sample cylinder; (12) Dewar flask; (13) Heise
pressure gauge; (14) water; (15) pressure generator;
(16) air bath; (17) heater and fan; (18) temperature
controller.
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Table 2. Critical properties and acentric factor of ionic liquids

and C02
Critical Critical Acentric
Substance temperature pressure factor
T, (K) P, (MPa) w
CO, 304.2 7.38 0.224
[emim][mSO,] 1053.6 4.59 0.340
[bmim][mSO,] 1081.6 3.61 0.411
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Table 3. Experimental bubble or cloud point data for various
mole fractions of CO, in the CO, + [emim][mSOy]

system
Mole fraction T P Phase
of CO,, x; (K) (MPa) behavior

302.75 0.75 b’
313.55 0.90 b

0.0783 323.25 1.10 b
332.95 1.30 b
34225 1.55 b
303.85 1.25 b
313.25 1.50 b

0.1277 323.65 1.75 b
333.15 2.15 b
342.85 2.50 b
304.55 1.80 b
313.95 2.15 b

0.1511 323.15 2.55 b
332.55 3.00 b
342.75 3.50 b
304.15 2.85 b
313.55 3.50 b

0.2278 323.55 435 b
332.65 5.20 b
343.05 6.15 b
304.25 4.60 b
313.65 5.70 b

0.3028 322.65 6.95 b
332.75 8.60 b
343.25 10.60 b
303.35 8.40 c”
314.25 15.00 c

0.3912 323.85 19.50 c
332.85 23.90 c
342.45 28.30 c
303.25 13.90 c
313.25 20.05 c

0.4130 323.85 26.20 c
332.65 30.80 c
342.85 35.70 c
302.55 24.95 c
313.55 32.70 c

04343 322.85 38.55 c
33335 44.55 c

*Bubble point behavior observed.
**Cloud point behavior observed.
de =83 FF dEste AFE RSP
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Table 4. Experimental bubble or cloud point data for various
mole fractions of CO, in the CO, + [bmim][mSO,]

system
Mole fraction T P Phase
of CO,, x; (K) (MPa) behavior
303.85 1.13 b*
313.15 1.32 b
0.0954 322.85 1.46 b
332.65 1.64 b
342.55 1.92 b
303.65 2.07 b
313.05 2.41 b
0.1544 322.25 2.70 b
332.85 3.11 b
342.55 3.53 b
303.85 2.95 b
313.25 3.47 b
0.2011 322.95 3.97 b
332.65 4.54 b
342.75 5.17 b
303.85 3.42 b
313.05 3.99 b
0.2316 322.95 4.64 b
332.95 5.38 b
343.05 6.13 b
303.35 4.24 b
312.95 5.06 b
0.2767 322.75 5.96 b
332.25 6.89 b
342.65 7.93 b
303.75 5.16 b
312.55 6.17 b
0.3163 322.55 7.32 b
332.45 8.53 b
343.15 9.94 b
303.35 591 b
312.05 7.07 b
0.3480 322.15 8.49 b
332.05 10.16 b
341.75 11.68 b
302.95 8.56 ¢
312.95 11.34 c
0.4025 322.75 13.76 c
332.45 15.77 c
342.05 17.51 c
302.95 26.13 c
312.15 27.46 c
0.4725 322.45 28.57 c
332.15 29.27 c
341.85 29.84 c

*Bubble point behavior observed.
**Cloud point behavior observed.
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Fig. 2. P-T isopleths of the CO, + [emim][mSO4] mixtures
at different CO, mole fractions (x,): A, 0.0783; *,
0.1277; [, 0.1511; @, 0.2278; A, 0.3028; @,
0.3912; O, 0.4130; M, 0.4343.
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Fig. 3. P-T isopleths of the CO, + [bmim][mSO,] mixtures
at different CO, mole fractions (x;): &, 0.0954; *,
0.1544; [, 0.2011; @, 0.2316; A, 02767, @,
0.3163; O, 0.3480; M, 0.4025; <, 0.4725.
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Fig. 4. P-x; diagram of the CO, + [emim][mSO,] mixtures
at different temperatures: @, 303.15 K; <, 313.15
K; A, 323.15 K; O, 333.15 K; W, 343.15 K.
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Fig. 6. Comparison of solubilities of CO, in imidazolium-
based ionic liquids with methylsulfate anion at
323.15 K: @, [emim][mSO,]; [, [bmim][mSO,].
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calculated results of P-x; data for the CO, + [emim]
[mSO,] system. The symbols are experimental data
(@, 303.15 K; O, 313.15 K; A, 323.15 K; O,
333.15 K; M, 343.15 K), and the lines are the
calculations by the PR-EoS model.

Mole Fraction of CO,, x4

Comparison between experimental values and
calculated results of P-x; data for the CO, + [bmim]
[mSO,] system. The symbols are experimental data
(@, 303.15 K; O, 313.15 K; A, 323.15 K; O,

3. pd& 247
4.3. 48 #% - 333.15 K; W, 343.15 K), and the lines are the
A S T3l A2 CO, + o] AA A3 do calculations by the PR-EoS model.

Table 5. Binary interaction parameters of the PR-EoS optimized for the CO, + ionic liquid systems

Tonic liquid Binary parameter  303.15 K 313.15 K 323.15 K 333.15 K 343.15 K
. ki» 0.1527 0.2070 0.2269 02111 0.1836
[emim][mSO,] Iy 0.0583 0.0925 0.1018 0.0867 0.0646
ol SO kip 0.0984 0.1030 0.1059 0.1064 0.1048
[bmim][mSOx] Iy 0.0043 0.0066 0.0082 0.0086 0.0080
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Table 6. Deviations (AAD%*) between experimental and calculated values in equilibrium pressures for the CO, + ionic liquid

systems
Tonic liquid 303.15K 313.15K 323.15 K 333.15K 343.15K Average
[emim][mSO,] 8.99 7.90 6.56 5.33 4.13 6.58
[bmim][mSO,] 2.59 3.16 3.11 2.92 2.81 2.92
* Average absolute deviation in percentage, which is defined as:
| N | cale _nexp
— m m . .
AAD% =N Z TX 100 (N: number of data points).
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