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[bookmark: _Toc125131306][bookmark: _Toc125202226]Detailed equations for vapor-liquid equilibrium calculations
The Predictive Soave-Redlich-Kwong (PSRK) Equation of State (EoS) was developed from Soave-Redlich-Kwong (SRK-EoS) (Equation 1) and a modification of the Huron-Vidal mixing rule (Holderbaum and Gmehling 1991). This mixing rule requires the knowledge of an activity coefficient function. In the original study, the UNIFAC activity coefficient model was applied, while in this study the UNIQUAC activity coefficient model was used for the nonpredictive approach.
	

	
	[bookmark: _Ref97921466](1)


Where a and b  are the attraction parameter and co-volume, which are calculated by Equations 2 and 3, respectively. The co-volume parameter depends only on the critical properties of the species, while the attraction parameter is a function of the critical properties of the species and the alpha function.
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The alpha function selected for this study was the Mathias-Copeman correlation (Equation 4) (Mathias and Copeman 1983). This correlation performed a modification of the original Soave alpha function by the addition of the quadratic and cubic terms, resulting in a function of three parameters ().
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Soave original alpha function (Soave 1972) (Equation 5), in which the  parameter can be predicted by equation 6 and the ILs’ acentric factor ().
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[bookmark: _Hlk97806517]
A modification of the Huron-Vidal mixing rule proposed by Holderbaum and Gmehling (1991) is shown in equation 7. In this model, a linear mixing rule for the parameter b (Equation 8) is used. Furthermore, the mixing rule is dependent on excess Gibbs energy () (Equation 9) and requires the knowledge of an activity coefficient model.
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Where  is the PSRK constant equal to ,  is the species  mol fraction in the liquid or gas phase,  is the number of mols, and I is the activity coefficient of the species i.
In the UNIQUAC model, the excess Gibbs free energy is calculated as the sum of two terms, combinatorial (C) and residual (R), according to Equations 10 and 11, respectively.
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Equations 12 to 14 are parameters used in the UNIQUAC activity coefficient model.
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[bookmark: _Ref97922491]Table 1. Regressed parameters of the Mathias-Copeman alpha function (Equation 4)
	Ionic liquid
	
	
	

	[BMIm][BF4]
	-2.20369
	21.75751
	-29.5261

	[BMIm][PF6]
	2.54144
	-5.96043
	9.096529

	[BMIm][BTI]
	0.032768
	3.718761
	-3.61835



[bookmark: _Ref124106789]Table 2. Average absolute relative deviations for the regressed SRK EoS
 parameters to ILs’ vapor pressure data.
	Ionic liquid
	Regressed
(%)

	[bookmark: _Hlk125130429][BMIm][BF4]
	11.17

	[bookmark: _Hlk125130443][BMIm][PF6]
	41.18

	[bookmark: _Hlk125130453][BMIm][NTf2]
	32.31
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Table 3. ILs’ density with critical properties regressed from experimental data 
at 0.1013 MPa.
	Temperature 
(K)
	Density [BMIm][BF4]

	Density [BMIm][PF6]

	Density [BMIm][NTf2]


	273.15
	1.2179
	1.3852
	1.4562

	278.15
	1.2146
	1.3815
	1.4519

	283.15
	1.2113
	1.3779
	1.4477

	288.15
	1.2080
	1.3742
	1.4434

	293.15
	1.2046
	1.3705
	1.4392

	298.15
	1.2012
	1.3667
	1.4349

	303.15
	1.1978
	1.3629
	1.4306

	308.15
	1.1943
	1.3591
	1.4262

	313.15
	1.1908
	1.3553
	1.4219

	318.15
	1.1873
	1.3515
	1.4175

	323.15
	1.1838
	1.3476
	1.4131

	328.15
	1.1802
	1.3436
	1.4088

	333.15
	1.1767
	1.3397
	1.4044

	338.15
	1.1730
	1.3357
	1.3999

	343.15
	1.1694
	1.3317
	1.3955

	348.15
	1.1658
	1.3277
	1.3911

	353.15
	1.1621
	1.3237
	1.3866

	358.15
	1.1584
	1.3196
	1.3821

	363.15
	1.1546
	1.3155
	1.3776

	368.15
	1.1509
	1.3113
	1.3731

	373.15
	1.1471
	1.3072
	1.3686

	378.15
	1.1433
	1.3030
	1.3641

	383.15
	1.1395
	1.2988
	1.3595

	388.15
	1.1356
	1.2945
	1.3549

	393.15
	1.1318
	1.2903
	1.3504

	398.15
	1.1279
	1.2860
	1.3458

	403.15
	1.1239
	1.2816
	1.3412

	408.15
	1.1200
	1.2773
	1.3366

	413.15
	1.1160
	1.2729
	1.3320

	418.15
	1.1120
	1.2685
	1.3273

	423.15
	1.1080
	1.2641
	1.3227

	428.15
	1.1040
	1.2596
	1.3180

	433.15
	1.0999
	1.2552
	1.3133

	438.15
	1.0958
	1.2507
	1.3086

	443.15
	1.0917
	1.2461
	1.3039

	448.15
	1.0876
	1.2416
	1.2992

	453.15
	1.0834
	1.2370
	1.2945

	458.15
	1.0792
	1.2324
	1.2898

	463.15
	1.0750
	1.2278
	1.2850

	468.15
	1.0708
	1.2231
	1.2803

	473.15
	1.0666
	1.2184
	1.2755

	478.15
	1.0623
	1.2137
	1.2707

	483.15
	1.0580
	1.2090
	1.2660

	488.15
	1.0537
	1.2042
	1.2612

	493.15
	1.0494
	1.1995
	1.2564

	498.15
	1.0450
	1.1946
	1.2515

	503.15
	1.0406
	1.1898
	1.2467

	508.15
	1.0362
	1.1850
	1.2419

	513.15
	1.0318
	1.1801
	1.2370

	518.15
	1.0274
	1.1752
	1.2322

	523.15
	1.0229
	1.1702
	1.2273




Table 4. ILs’ density at 0.1013 MPa with critical properties predicted by Valderrama and Rojas constant critical (2009).
	Temperature 
(K)
	Density [BMIm][BF4]

	Density [BMIm][PF6]

	Density [BMIm][NTf2]


	273.15
	0.9758
	0.9326
	1.2140

	278.15
	0.9746
	0.9314
	1.2138

	283.15
	0.9734
	0.9303
	1.2136

	288.15
	0.9721
	0.9291
	1.2133

	293.15
	0.9709
	0.9279
	1.2131

	298.15
	0.9697
	0.9266
	1.2127

	303.15
	0.9685
	0.9253
	1.2124

	308.15
	0.9674
	0.9240
	1.2120

	313.15
	0.9662
	0.9226
	1.2116

	318.15
	0.9651
	0.9213
	1.2112

	323.15
	0.9641
	0.9199
	1.2107

	328.15
	0.9630
	0.9186
	1.2102

	333.15
	0.9621
	0.9172
	1.2097

	338.15
	0.9611
	0.9158
	1.2092

	343.15
	0.9602
	0.9145
	1.2086

	348.15
	0.9593
	0.9131
	1.2080

	353.15
	0.9585
	0.9118
	1.2074

	358.15
	0.9577
	0.9105
	1.2068

	363.15
	0.9570
	0.9092
	1.2061

	368.15
	0.9563
	0.9079
	1.2055

	373.15
	0.9556
	0.9066
	1.2048

	378.15
	0.9550
	0.9054
	1.2040

	383.15
	0.9543
	0.9042
	1.2033

	388.15
	0.9537
	0.9031
	1.2025

	393.15
	0.9532
	0.9019
	1.2018

	398.15
	0.9526
	0.9008
	1.2009

	403.15
	0.9521
	0.8998
	1.2001

	408.15
	0.9515
	0.8987
	1.1993

	413.15
	0.9510
	0.8977
	1.1984

	418.15
	0.9504
	0.8967
	1.1975

	423.15
	0.9499
	0.8958
	1.1966

	428.15
	0.9493
	0.8948
	1.1956

	433.15
	0.9487
	0.8939
	1.1946

	438.15
	0.9481
	0.8930
	1.1937

	443.15
	0.9475
	0.8921
	1.1926

	448.15
	0.9468
	0.8912
	1.1916

	453.15
	0.9462
	0.8904
	1.1905

	458.15
	0.9454
	0.8895
	1.1894

	463.15
	0.9446
	0.8887
	1.1883

	468.15
	0.9438
	0.8878
	1.1872

	473.15
	0.9429
	0.8869
	1.1860

	478.15
	0.9419
	0.8861
	1.1849

	483.15
	0.9409
	0.8852
	1.1836

	488.15
	0.9398
	0.8843
	1.1824

	493.15
	0.9386
	0.8834
	1.1811

	498.15
	0.9372
	0.8824
	1.1799

	503.15
	0.9358
	0.8815
	1.1785

	508.15
	0.9342
	0.8804
	1.1772

	513.15
	0.9325
	0.8794
	1.1758

	518.15
	0.9307
	0.8783
	1.1744

	523.15
	0.9286
	0.8772
	1.1730
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Table 5. ILs’ vapor pressure represented by Mathias-Copeman’s  regressed parameters.
	Temperature 
(K)
	Vapor pressure [BMIm][BF4]
(Pa)
	Vapor pressure [BMIm][PF6]
(Pa)
	Vapor pressure [BMIm][NTf2]
(Pa)

	373.15
	1.16E-07
	1.15E-08
	2.14E-05

	376.15
	1.43E-07
	1.96E-08
	2.92E-05

	379.15
	1.76E-07
	3.30E-08
	3.97E-05

	382.15
	2.18E-07
	5.49E-08
	5.36E-05

	385.15
	2.70E-07
	9.00E-08
	7.21E-05

	388.15
	3.37E-07
	1.46E-07
	9.65E-05

	391.15
	4.20E-07
	2.34E-07
	1.29E-04

	394.15
	5.26E-07
	3.72E-07
	1.71E-04

	397.15
	6.60E-07
	5.84E-07
	2.25E-04

	400.15
	8.30E-07
	9.07E-07
	2.96E-04

	403.15
	1.05E-06
	1.40E-06
	3.88E-04

	406.15
	1.32E-06
	2.13E-06
	5.06E-04

	409.15
	1.67E-06
	3.21E-06
	6.57E-04

	412.15
	2.12E-06
	4.81E-06
	8.50E-04

	415.15
	2.69E-06
	7.13E-06
	1.10E-03

	418.15
	3.42E-06
	1.05E-05
	1.41E-03

	421.15
	4.35E-06
	1.53E-05
	1.80E-03

	424.15
	5.53E-06
	2.21E-05
	2.30E-03

	427.15
	7.05E-06
	3.17E-05
	2.92E-03

	430.15
	9.00E-06
	4.52E-05
	3.69E-03

	433.15
	1.15E-05
	6.39E-05
	4.66E-03

	436.15
	1.47E-05
	8.97E-05
	5.85E-03

	439.15
	1.87E-05
	1.25E-04
	7.34E-03

	442.15
	2.39E-05
	1.73E-04
	9.16E-03

	445.15
	3.06E-05
	2.38E-04
	1.14E-02

	448.15
	3.91E-05
	3.25E-04
	1.42E-02

	451.15
	5.00E-05
	4.41E-04
	1.75E-02

	454.15
	6.40E-05
	5.96E-04
	2.16E-02

	457.15
	8.18E-05
	7.99E-04
	2.66E-02

	460.15
	1.05E-04
	1.07E-03
	3.26E-02

	463.15
	1.34E-04
	1.41E-03
	3.99E-02

	466.15
	1.71E-04
	1.86E-03
	4.87E-02

	469.15
	2.18E-04
	2.45E-03
	5.93E-02

	472.15
	2.78E-04
	3.19E-03
	7.19E-02

	475.15
	3.54E-04
	4.15E-03
	8.70E-02

	478.15
	4.51E-04
	5.36E-03
	1.05E-01

	481.15
	5.75E-04
	6.89E-03
	1.26E-01

	484.15
	7.31E-04
	8.82E-03
	1.52E-01

	487.15
	9.29E-04
	1.12E-02
	1.82E-01

	490.15
	1.18E-03
	1.43E-02
	2.17E-01

	493.15
	1.50E-03
	1.80E-02
	2.59E-01

	496.15
	1.90E-03
	2.26E-02
	3.08E-01

	499.15
	2.40E-03
	2.84E-02
	3.66E-01

	502.15
	3.04E-03
	3.54E-02
	4.33E-01

	505.15
	3.84E-03
	4.40E-02
	5.11E-01

	508.15
	4.84E-03
	5.44E-02
	6.03E-01

	511.15
	6.10E-03
	6.71E-02
	7.09E-01

	514.15
	7.68E-03
	8.25E-02
	8.32E-01

	517.15
	9.66E-03
	1.01E-01
	9.75E-01

	520.15
	1.21E-02
	1.23E-01
	1.14E+00

	523.15
	1.52E-02
	1.50E-01
	1.33E+00




Table 6. ILs’ vapor pressure represented Soave  with critical properties predicted by Valderrama and Rojas (2009).
	Temperature 
(K)
	Vapor pressure [BMIm][BF4]
(Pa)
	Vapor pressure [BMIm][PF6]
(Pa)
	Vapor pressure [BMIm][NTf2]
(Pa)

	373.15
	7.95E+02
	8.78E+01
	7.29E-03

	376.15
	9.45E+02
	1.06E+02
	9.39E-03

	379.15
	1.12E+03
	1.28E+02
	1.20E-02

	382.15
	1.32E+03
	1.54E+02
	1.54E-02

	385.15
	1.55E+03
	1.85E+02
	1.96E-02

	388.15
	1.82E+03
	2.21E+02
	2.48E-02

	391.15
	2.13E+03
	2.62E+02
	3.13E-02

	394.15
	2.48E+03
	3.11E+02
	3.93E-02

	397.15
	2.88E+03
	3.68E+02
	4.92E-02

	400.15
	3.34E+03
	4.33E+02
	6.14E-02

	403.15
	3.85E+03
	5.09E+02
	7.62E-02

	406.15
	4.44E+03
	5.96E+02
	9.44E-02

	409.15
	5.10E+03
	6.96E+02
	1.17E-01

	412.15
	5.84E+03
	8.10E+02
	1.43E-01

	415.15
	6.67E+03
	9.40E+02
	1.76E-01

	418.15
	7.60E+03
	1.09E+03
	2.15E-01

	421.15
	8.64E+03
	1.26E+03
	2.61E-01

	424.15
	9.80E+03
	1.45E+03
	3.17E-01

	427.15
	1.11E+04
	1.66E+03
	3.84E-01

	430.15
	1.25E+04
	1.90E+03
	4.63E-01

	433.15
	1.41E+04
	2.18E+03
	5.58E-01

	436.15
	1.58E+04
	2.48E+03
	6.69E-01

	439.15
	1.78E+04
	2.82E+03
	8.01E-01

	442.15
	1.99E+04
	3.20E+03
	9.55E-01

	445.15
	2.22E+04
	3.63E+03
	1.14E+00

	448.15
	2.47E+04
	4.10E+03
	1.35E+00

	451.15
	2.75E+04
	4.63E+03
	1.60E+00

	454.15
	3.05E+04
	5.20E+03
	1.89E+00

	457.15
	3.38E+04
	5.85E+03
	2.22E+00

	460.15
	3.74E+04
	6.55E+03
	2.61E+00

	463.15
	4.13E+04
	7.33E+03
	3.06E+00

	466.15
	4.56E+04
	8.18E+03
	3.59E+00

	469.15
	5.02E+04
	9.12E+03
	4.18E+00

	472.15
	5.51E+04
	1.01E+04
	4.87E+00

	475.15
	6.05E+04
	1.13E+04
	5.66E+00

	478.15
	6.62E+04
	1.25E+04
	6.57E+00

	481.15
	7.25E+04
	1.38E+04
	7.60E+00

	484.15
	7.91E+04
	1.53E+04
	8.78E+00

	487.15
	8.63E+04
	1.69E+04
	1.01E+01

	490.15
	9.40E+04
	1.86E+04
	1.16E+01

	493.15
	1.02E+05
	2.04E+04
	1.34E+01

	496.15
	1.11E+05
	2.24E+04
	1.53E+01

	499.15
	1.20E+05
	2.46E+04
	1.75E+01

	502.15
	1.30E+05
	2.69E+04
	2.00E+01

	505.15
	1.41E+05
	2.94E+04
	2.28E+01

	508.15
	1.53E+05
	3.21E+04
	2.59E+01

	511.15
	1.65E+05
	3.50E+04
	2.95E+01

	514.15
	1.78E+05
	3.81E+04
	3.34E+01

	517.15
	1.91E+05
	4.15E+04
	3.78E+01

	520.15
	2.06E+05
	4.51E+04
	4.27E+01

	523.15
	2.21E+05
	4.89E+04
	4.82E+01
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Table 7. Regressed UNIQUAC's  parameters (Equation 14) to binary VLE data. 
	Species (i)
	Binary Parametersa

	
	
	
	
	

	
	[BMIm][BF4] (j)

	CO2
	0.953
	-0.472
	-18.904
	-124.468

	H2
	0.932
	3.697
	-487.016
	-860.416

	CO
	0.00487
	1.599
	-129.959
	-287.473

	H2O
	-1.276
	4.243
	1082.838
	-1959.543

	
	[BMIm][PF6] (j)

	CO2
	1.142
	-1.033
	-146.558
	298.237

	H2
	1.200
	-0.862
	50.295
	-795.206

	CO
	0.0355
	0.718
	-313.613
	57.037

	H2O
	1.979
	0.911
	-672.218
	-264.751

	
	[BMIm][NTf2] (j)

	CO2
	1.606
	-2.100
	-138.220
	118.070

	H2
	0.313
	1.772
	-356.886
	-530.814

	CO
	-3.371
	1.870
	-1.0547x105
	-179.816

	H2O
	-1.978
	3.067
	513.446
	-1194.849


aAll parameters were regressed in the SI units.
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