Korean Chem. Eng. Res., 54(2), 213-222 (2016)
http://dx.doi.org/10.9713/kcer.2016.54.2.213
PISSN 0304-128X, EISSN 2233-9558

1-Ethyl-3-methylimidazolium trifluoromethanesulfonate2} 1-Butyl-1-methylpyrrolidinium
trifluoromethanesulfonate O| 22 M || Lot ZralA2f M| EIL| Soll =

e

e Bl E st

34054 thAFAA] A FIUIE 1646
016 22 129 FH<F, 2016 29 162 8 Hr, 2016d 29 23U A=)

Solubility of Hydrogen Sulfide and Methane in Ionic Liquids: 1-Ethy-3-methylimidazolium
Trifluoromethanesulfonate and 1-Butyl-1-methylpyrrolidinium Trifluoromethanesulfonate

Byung-Chul Lee'

Department of Advanced Materials and Chemical Engineering, Hannam University, 1646, Yuseongdaero, Yuseong-gu, Daejeon, 34054, Korea
(Received 12 February 2016; Received in revised form 16 February 2016; accepted 23 February 2016)

(@] ok
pel =

FAT S0l 7R F A FFE o] HAQA 1-ethy-3-methylimidazolium trifluoromethanesulfonate ([emim]
[TfO]2} 1-butyl-1-methylpyrrolidinium trifluoromethanesulfonate ([bmpyr][TONE thF S 2 oF 303 KZHE <F 343K
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B3 o] Sl wet Sk on 257 Sl whet ZRAsigict. Hie]| o278 HA|e| gk CH,C]
B3l o] TrIskel uket A STRIe U 250 GERE A2 QoI FYUS SolS Zh o)A HAIR]
[emim][TfO]2} [bmpyr][TfOll thale] H,S89 Sallms & w5 7Fo® 25 W o e Il A9 At
3k3ict. 01273 A [emim][TfOlell theh H,S9} CH,S] 3 eE vlwe 23, H,89] 8317t CH ) 83K} 4
A e, LSt S5 ol/d Aol tiste] & AFE F3l B H,S9 CH,Ol 83l dlolEE wioRiE I
CO,2l S3ll= dloje| 9} Bluaiaint. 22 o 9 2% 7oA vlwE o, O, &als H,S9 CH,2) SallEe
Aolell et

Abstract — Solubility data of hydrogen sulfide (H,S) and methane (CH,) in two kinds of ionic liquids with the same anion:
1-ethyl-3-methylimidazolium trifluoromethanesulfonate ([emim][TfO]) and 1-butyl-1-methylpyrrolidinium trifluoro-
methanesulfonate ([bmpyr][TfO]) are presented at pressures up to about 30 MPa and at temperatures between 303 K and
343 K. The gas solubilities in ionic liquids were determined by measuring the bubble point pressures of the gas + ionic
liquid mixtures with various compositions at different temperatures using a high-pressure equilibrium apparatus equipped with
a variable-volume view cell. The H,S solubilities in ionic liquid increased with the increase of pressure and decreased
with the increase of temperature. On the other hand, the CH, solubilities in ionic liquid increased significantly with the
increase of pressure, but there was little effect of temperature on the CH,, solubility. For the ionic liquds [emim][TfO]
and [bmpyr][TfO] with the same anion, the solubility of H,S as a molality basis was substantially similar, regardless of
the temperature and pressure conditions as a molar concentration basis. Comparing the solubilities of H,S and CH, in
the ionic liquid [emim][TfO], the solubilities of H,S were much greater than those of CH,. For the same type of ionic
liquid, the solubility data of H,S and CH, obtained in this study were compared to the solubility data of CO, from the lit-
erature. When compared at the same pressure and temperature conditions, the CO, solubility was in between the solu-
bility of H,S and CH,.
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Table 1. Ionic liquids studied in this work
Chemical name Abbreviation CAS number  Chemical formula ~ Molecular mass  Purity [mass %]
1-Ethyl-3-methylimidazolium trifluoromethanesulfonate  [emim][TfO] 145022-44-2 C,H;,F;N,05S 260.24 >98.0
1-Butyl-1-methylpyrrolidinium trifluoromethanesulfonate  [bmpyr][TfO] 367522-96-1 C,oHyoF5NO5S 291.33 >95.0
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Fig. 1. Chemical structures of ionic liquids studied: (a) [emim]|[TfO];
(b) [bmpyr][TfO].

vacuum

Fig. 2. A schematic diagram of the experimental apparatus.
1. Variable-volume view cell ~ 10. Monitor

2. Piston 11. Gas sample cylinder
3. Spin bar 12. Dewar flask

4. Sapphire window 13. Heise pressure gauge
5. Magnetic stirrer 14. Water

6. Temperature indicator 15. Pressure generator

7. Borescope 16. Air bath

8. CCD camera 17. Heater and fan

9. Light source 18. Temperature controller
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Table 2. Experimental bubble point data for various mole fractions
of H,S in the H,S + [emim][TfO] system

oA

Table 3. Experimental bubble point data for various mole fractions
of H,S in the H,S + [bmpyr][TfO] system

Mole fraction Uncertainty inx;,  Molality, m; T P Mole fraction  Uncertainty Molality, m; T P
of gas, x; U(xy) [mol of gas/kg of IL]  [K] [MPa] of gas, x; inx;, Ux;) [molofgaskgofIL] [K] [MPa]
3032 0.15 3031 015
3133 020 3132 0.18
0.1330 0.0020 0.5896 3230 025 0.1434 0.0025 0.5746 3234 020
3331 030 3332 022
3432 035 3432 025
3034 030 3032 025
3133 035 3132 030
0.1806 0.0038 0.8468 3232 040 0.2087 0.0046 0.9054 3233 033
3334 045 3333 035
343.1 0.0 3430 040
3034 0.60 3034 035
3132 0.65 3133 038
0.2919 0.0068 1.5838 3232 070 0.2439 0.0067 1.1074 3231 040
3331 075 3333 045
3430 0.80 3433 0.50
3033 0.70 3034 045
3133 075 3132 0.50
03316 0.0081 1.9068 3232 0.80 0.2856 0.0085 13721 3234 055
3333 090 3331 0.60
3432 1.00 3433 070
3034 075 3032 0.60
3133 0.80 3132 065
03484 0.0096 2.0542 3232 0.85 0.3334 0.0101 1.7168 3232 070
3332 095 3333 0.80
3430 110 3430 095
3034 110 3034 070
3132 120 3134 075
0.4924 0.0013 3.7274 3231 135 0.3803 0.0114 2.1069 3232 085
3332 1.60 3332 1.00
3433 1.85 343.1 1.20
3034 120 303.1  0.80
3133 130 3133 085
0.5373 0.0025 4.4620 3232 155 0.4170 0.0127 2.4551 3232 095
3332 1.90 3334 115
3432 230 3432 140
3033 135 303.1 090
3133 1.50 3133 095
0.6012 0.0033 5.7939 3234 1.80 0.4443 0.0140 2.7441 3233 110
3331 225 3333 130
343.1  2.85 3433 1.60
3035 095
Zogl B8 g}t y]|Fo e [ e 3133 1.00
=S SEFIELRL IF S SR IIESET Alaw d 04639 0.0153 29705 3232 LIS
7h ATk, Aol tigh 71A1¢] Bl e A 9] EAbEo] S 3333 140
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W 7|E 7 A BElEE EARe] Al AdwkAl Bufjo] SE Ve 3032 105
714 g3l Ee) e vk 21 EbdskA] otk mEbA o)A 0.4950 0.0162 33640 ggg }ég
HAel| A e] 714 BAllEE AF 7= TR Blushs 4 3333 1.60
o] R} Ag 2ot Ad glolg o= 7]H9 BEE = oA 9] 343.1 1.90
AT 24 A Zjzte] ZIEC] tj8) 55 o] ik SeSCO
Table 2~4°] 21§ HIOJE] & P-T A== Fig. 3~5] HERAT. 0.5184 0.0171 3.6948 3233 145
Fig. 3%} Fig. 45 B & 4= Ql%0], H,89] Ei-80] YT nf & 3333 175
7k STl wheh 4 stelo] STl wE 27t U4 AL
g w= H,89 =-&ol %7}%“’11 R e e R N = o
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Table 4. Experimental bubble point data for various mole fractions
of CH, in the CH, + [emim][TfO] system

Mole fraction Uncertainty Molality, m; T P
of gas, x; inx;, U(x;) [molofgas/kgofIL] [K] [MPa]
303.3 1.40
3134 1.80
0.0146 0.0052 0.0570 3235 1.85
333.2 1.95
3433 2.05
303.4 5.90
314.1 6.15
0.0724 0.0049 0.3001 323.8 6.25
333.2 6.45
344.0 6.55
304.2 13.50
313.2 13.80
0.1351 0.0092 0.6002 323.2 14.05
333.6 14.10
343.6 14.30
303.9 20.95
313.5 21.30
0.1837 0.0131 0.8646 323.4 21.40
333.2 21.45
343.6 21.55
303.5 31.45
313.2 31.65
0.2282 0.0167 1.1361 323.7 31.80
333.8 31.90
343.1 31.95
3.5
Mole Fraction of H,S (x,)
L 00.1330 «0.1806
30 T |00.2919 a0.3316
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Fig. 3. P-T isopleths of the H,S + [emim][TfO] mixtures at different

Temperature [K]

mole fractions of H,S (x,).
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Fig. 4. P-T isopleths of the H,S + [bmpyr][TfO] mixtures at different
mole fractions of H,S (x,).
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Fig. 5. P-T isopleths of the CH, + [emim][TfO] mixtures at different
mole fractions of CH, (x,).
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Table S. Interpolated isothermal solubility data for gas in ionic liquid
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Mole fraction of gas, x;  Molality, m,; [mol of gas/kg of IL]

Pressure [MPa] at following temperature [K]

303.2 313.2 323.2 333.2 343.2
H,S in [emim][TfO]
0.1330 0.5896 0.15 0.20 0.25 0.30 0.35
0.1806 0.8468 0.30 0.35 0.40 045 0.50
0.2919 1.5838 0.60 0.65 0.70 0.75 0.80
0.3316 1.9068 0.70 0.74 0.81 0.89 1.00
0.3484 2.0542 0.76 0.79 0.85 0.96 1.10
0.4924 3.7274 1.10 1.20 1.36 1.58 1.85
0.5373 4.4620 1.19 1.32 1.55 1.88 2.31
0.6012 5.7939 1.35 1.50 1.80 2.25 2.86
H,S in [bmpyr][TfO]
0.1434 0.5746 0.15 0.18 0.20 022 025
0.2087 0.9054 0.25 0.29 033 0.36 0.39
0.2439 1.1074 0.35 0.37 0.41 0.45 0.50
0.2856 13721 0.45 0.49 0.55 0.61 0.69
0.3334 1.7168 0.61 0.64 0.70 0.81 0.95
0.3803 2.1069 0.70 0.75 0.85 1.00 1.20
0.4170 24551 0.80 0.84 0.96 1.14 1.40
0.4443 2.7441 0.90 0.95 1.09 1.30 1.60
0.4639 2.9705 0.95 1.00 1.15 1.40 1.76
0.4950 3.3640 1.04 1.12 1.30 1.57 1.92
0.5184 3.6948 1.09 1.22 1.44 1.73 2.11
CH, in [emim][TfO]
0.0146 0.0570 1.40 1.77 1.89 1.92 2.05
0.0724 0.3001 5.90 6.11 6.28 6.43 6.55
0.1351 0.6002 13.44 13.83 14.01 14.12 14.28
0.1837 0.8646 20.91 21.29 21.41 21.44 21.54
0.2282 1.1361 3145 31.65 31.80 31.90 31.95
0.25 1.2
Y
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Fig. 8. CH, solubility in [emim][TfO] ionic liquid as a function of pressure at different temperatures: (a) in mole fraction (x;); (b) in molality (m,).
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Fig. 9. Comparison of H,S solubilities in mole fraction for the [TfO] anions-based ionic liquids with different cations at 323.2 K: (a) in mole frac-
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oA A ] tiste] HySH COETH 8K 1 2k 83|28 Hol= A& we} 2ol 1 MPa® A3l on, 2i& 58 v 7F
ol gk A 3EE- o] 2/ A oA Q] A#A} = 73 A 'EslA(CH,, OS2 T 71R ] oA F 71 Ao R H3) 7 VA1 &
C,Hg, C3Hg 5)2 83l % tlolH & Hash= v #31[2,19-21]° AEF AZ the o 24 &S AXksto] Al 717 F72 A8s
A& o] T it o] 24 Aol tist CO,9t CH,S) S3ll=7} S 7813, 1 A¥E Table 70 YERASITE. Fig. 10 53
T ApolE Hols AL o] 24 AAof thgh €O, e F= o] A g0, H,S/CH, A8 =7} 7 %131 CO,/CH, A ¥,
ZH- -9 (free volume) E ¥}l &3] T35 A%, CH,Q] S8l == H,S/CO, AE% =02 7FA38glnt. B8t CH, 715=2] H,S/CH, A
H]=Ad 8] =A] 24k Z-8-(nonpolar-nonpolar dispersive interaction)©]] Y9} COy/CH, AT = 2571 S71ee] uet A2 Aoz
o3| #Julj=|7] wiEoleta & 4= ATH3]. #2288}, $H H,8/CO, A ¥ == 27t skl upet A9
XZoX AFS oﬂE_o] E] & gl R o] A dA|S AR} Ao 7 =7kt o) 1 FU1ES wjg- Akt B Qs &
of £3 7AIE Eelehe 344 8 s sk T2 il & A& A B4 A0S 7 3 FekalE W, [emim][TfO] ©]
s 23l dlo]E] ZHA7) o2} 25] Eﬂ B (selectivity)©] <4 NA = Selexol, Purisol, Rectisol, Fluor Solvent, sulfolane 2}
TH20]. webA] £ Aol 4= Table 601 75 ¢Hemim][TfO] ©]-& 2o A &g Hel 2017 vluEE e dss v
3 °"7<ﬂ o tjgt H,S 3= & CH, 23l dlo]E] 9} 310 2 HE 2 55 grllgta B 4 9lo, Hy89k COo,E 2950 gl 9%
a2 §3l| %= dlo] 8 & ARE-3te] H,S/CH,, H,S/CO, ¥ CO,/ AA7~ZHE H,S8 COE a4 0= AlA ] FAE 5 9l
CH, ’d‘éﬂE A& T3kl skt S Table 62 A= = §E AR 5 vkl 2ot

Table 6. Comparison of solubilities of H,S and CH, estimated at 1 MPa for the ionic liquids studied in this work

TK] H,S Sol}lbility in [emim][TfO]’ H,S SolLTbility in [bmpyr][TfO]- CH, SOll:lbility in [emim] [TfO]-
on x,-basis on m;-basis on x;-basis on m,-basis on x;-basis on m,-basis
303.2 0.451 3.163 0.484 3215 0.012 0.047
3132 0.422 2.806 0.461 2.930 0.012 0.046
3232 0.390 2455 0.425 2.540 0.012 0.045
3332 0.358 2.142 0.384 2.144 0.011 0.044
3432 0.325 1.851 0.345 1.807 0.011 0.044

Table 7. Comparison of gas selectivities estimated at 1 MPa for the [emim][TfO] ionic liquid

TK] H,S/CH, CO,/CH,* H,S/CO5*

on x,-basis on m,-basis on x,-basis on m,-basis on x,-basis on m,-basis
303.2 37.6 67.3 17.2 21.2 22 32
313.2 35.2 61.0 14.7 17.8 24 34
3232 325 54.6 12.9 15.6 2.5 35
3332 325 48.7 12.7 143 2.6 34
3432 29.5 421 10.9 11.9 2.7 3.5

“The selectivity values including CO, are based on the CO, solubility data obtained from the reference 37
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