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Phase Equilibria of Ionic Liquid + Gas Systems and Their Utilizations
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The aim of this review is to provide some information on the gas absorption characters of ionic liquids and the
chemical processes utilizing ionic liquid + gas systems. Ionic liquids are salts with the melting points being at or below
ambient temperatures. They are unique solvents, of which the characteristics are non-volatile, non-flammable,
electrically conductive, miscible with various chemicals, and so on. One of the promising utilizations of ionic liquids is
gas absorption media. In order to use the ionic liquids for the chemical processes involved with gas absorption, the
understanding of the gas absorption property and mechanism is of primarily importance. This review presents some
fundamental data on the following systems: (1) CO, physical absorption; (2) CO, chemical absorption; (3) NHj
absorption; (4) water absorption. First, the two-phase equilibria are shown for some typical ionic liquid + gas systems
in each section. Then, the gas absorption mechanisms are discussed on the basis of the thermodynamic and
spectroscopic analyses. Finally, the separation, reaction-separation, and/or heat-pump processes using ionic liquid are
briefly explained.
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Fig.1 Chemical structures of typical cations and anions in ionic liquids.

Table1 Abbreviations of cations and anions.

abbreviation cation abbreviation anion
[Cymim]” 1-ethyl-3-methylimidazolium [T,CT tris(trifluoromethanesulfonyl)methide
[Cymim] 1-butyl-3-methylimidazolium [TENT bis(trifluoromethanesulfonyl)amide
[Comim] 1-hexyl-3-methylimidazolium [PFq] hexafluorophosphate
[Csmmim]* 1-hexyl-2,3-dimethylimidazolium [CF;CO,] trifluoroacetate
[Csmim]™ 1-methyl-3-octylimidazolium [TfO] trifluoromethanesulfonate
[C¢H4Fomim]* 1-methyl-3-nonafluorohexylimidazolium [BF4] tetrafluoroborate
[Nyppa]" N-butyl-N, N, N-trimethylammonium [NO;3]- nitrate
Nins]” N,N-dimethyl-N-ethyl-N-pentylammonium [Ci(OC,),804] | 2-(2-methoxyethoxy)ethylsulfate
[Ni27]" N, N-dimethyl-N-ethyl-N-heptylammonium [N(CN),I” dicyanamide
[Pyris]" N-methyl-N-propylpyridinium [B(CN),]- tetracyanoborate
[N112,20201]+ N, N-dimethyl-N-ethyl-N-2-(methoxyethoxyl)et | [Ala] alanate

hylammonium
[N112.2c001 f N-acetoxyethyl-N, N-dimethyl-N-ethylammoniu | [L-Ala]” L-alanate

m
[CsNH,bim]" 1-(3-aminopropyl)-2-butylimidazolium [p-Ala] [-alanate
[Noson] " N-alkyl-N, N, N-triethylammonium [Pro]” propionate
[Peso.r4l” trihexyltetradecylphosphonium [Met]™ methionate
[Pasaa]” tetrabutylphosphonium [Leu] leucinate
[Pass o]’ dodecyltributylphosphonium [isoLeu]” isoleucinate
[HexEDAH]" N-2-aminoethyl-N-hexylammonium [Sar]” sarcosinate
[EtHexDETAH]" | N-[(2-aminoethyl)amino]ethyl-N-hexylammoni | [AcO] acetate

um
N N, N-diethyl-N-methyl-N-heptylammonium [C5COL) propionate
[lezyg,oﬂ]+ N, N-diethyl-N-(6-hydroxy)ethyl-N-methylamm | CI' chloride

onium
[Ni11.1coonl” N-carboxymethyl-N, N, N-trimethylammonium Br bromide
[C4SO;Hmim]" 1-methyl-3-(4-sulfobutyl)imidazolium [CiSOsT methylsulfonate
[Ny1120n]" N-(2-hydroxyethyl)-N, N, N-trimethylammonium | [Tos] tosylate
[C,OHmim]* 1-(2-hydroxyethyl)-3-methylimidazolium [SCNT thiocyanate

[CoSO,T ethylsulfate
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Fig.2 CO, solubilities (mole fraction scale) in the [C,mim]*
ionic liquids at 313.2 K. 4, [C;mim][PF4]; <, [C4mim][Tf,N];
B, [Cymim][CF;CO,]; A, [Cymim][Tf;C]; [, [Cymim][BF,];
O, [Cymim][N(CN),]; W, [Cymim][TfO]; @, [C;mim][NO;];
@, [C;mim][C1(OC,),804]; A, [C;mim][B(CN),].
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Fig.3 CO, solubilities (mole fraction scale) in the [Tf,N] ionic
liquids at 3332 K. B, [CiH;Fomim] [TEN]; 4

[Comim][TEN]; <, [Camim][THN]; O, [Cemim][TEN]; O,
[Csmmim][TH,N]; @, [Csmim][THN]; A, [Nyy,] [TEN]; M,
[N112s][TEN]; o, [Ny127][TEN]; A, [Pyri][TEN].
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Table 2 Henry constants of CO, and thermodynamic properties of CO, absorption in ionic liquids at 313.15 K.

ionic liquid ky/MPa AyiG/kJ mol™! AglH/KJ mol™! T Ay S/kJ mol™
[C,mim][T£,N] 4.54 9.92 -13.7 23.6
[C,mim][EtSO,] 11.1 123 -11.4 23.7
[C,mim][B(CN),] 4.33 9.81 -13.9 23.7
[C4mim][T£,N] 432 9.80 -13.5 233
[C4mim][BE,] 7.42 112 -14.8 -26.0
[C4mim][PF] 6.81 11.0 -14.4 254
[Cemim][T£,N] 3.90 9.08 -13.2 223
[Ny127][TE:N] 3.82 9.48 -13.6 23.1
[Ni1220201 [[TFN] 3.83 9.49 -12.7 223
[Ny155][TEN] 4.03 9.62 -12.8 224
[Ni122c001 [TEN] 4.41 9.86 -13.7 23.6
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Fig.6 NHj; solubilities per mole of ionic liquid at the partial
NH; pressure of 0.10 MPa. M, [Ny coou][TEN]; @,
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Table 3 Water activity coefficients at infinite dilution in the

[C4mim]" ionic liquids.

Tonic liquid Yo

[C4smim][AcO] 0.013
[C4ymim]Cl 0.025
[C4mim]Br 0.045
[C4ymim][C,;SO5] 0.097
[C4ymim][CF5CO,] 0.133
[Cymim][Tos] 0.167
[C4ymim][SCN] 0.302
[C4ymim][TfO] 0.929
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