APPENDIX

Density data for binary system i.e. 1IM0G, 4M0G, OM1G and 0M4G.

T (K) 1M0(§ 4MOSJ OMISJ OM4§
(g cm™) (g cm™) (g cm™) (g cm™)
293 1.01182 1.04334 1.08483 1.10956
298 1.00889 1.04041 1.0819 1.1073
303 1.00576 1.03728 1.07877 1.10488
313 1.00175 1.03083 1.07387 1.09959
323 0.99709 1.02407 1.0684 1.09378
333 0.99175 1.0169 1.06234 1.08749
343 0.97788 1.0094 1.05089 1.08075
353 0.97014 1.00166 1.04315 1.07787
363 0.96194 0.99346 1.03495 1.0759

Density data for ternary system i.e. 4M2G, 4M1G, 3M1G, 2M2G and 1M3G.

T (K) 4M2g1 4Mlgj 3Mlgj 2M2§ 1M3§

gem®)  (gem?d)  (gem?)  (gem?)  (gem?)
293 1.18992 1.12074 1.05798 1.07508 1.09304
298 1.18699 1.11781 1.05531 1.07258 1.09068
303 1.18386 1.11468 1.05253 1.06996 1.08818
313 1.17615 1.10749 1.04665 1.06439 1.08269
323 1.16833 1.1001 1.04037 1.05836 1.07679
333 1.16028 1.09237 1.03367 1.05188 1.07045
343 1.15424 1.0868 1.02663 1.04506 1.06368
353 1.14653 1.07906 1.01922 1.0378 1.0563
293 1.18992 1.12074 1.05798 1.07508 1.09304
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The comparison between calculated and measured density data for binary systems

System Mole fraction T A B Correlation Experimental % of
XMDEA X[gua][OTI] XH20 density data density data deviation

AM2G 0.06622 0.03245 0.90133 293 1.4086 -0.000737 1.192659 1.18992 -0.23
0.06622 0.03245 0.90133 298 1.4086 -0.000737 1.188974 1.18699 -0.167
0.06622 0.03245 0.90133 303 1.4086 -0.000737 1.185289 1.18386 -0.121
0.06622 0.03245 0.90133 313 1.4086 -0.000737 1.177919 1.17615 -0.15
0.06622 0.03245 0.90133 323 1.4086 -0.000737 1.170549 1.16833 -0.19
0.06622 0.03245 0.90133 333 1.4086 -0.000737 1.163179 1.16028 -0.249
0.06622 0.03245 0.90133 343 1.4086 -0.000737 1.155809 1.15424 -0.136
0.06622 0.03245 0.90133 353 1.4086 -0.000737 1.148439 1.14653 -0.166
0.06622 0.03245 0.90133 363 1.4086 -0.000737 1.141069 1.13833 -0.24

AMI1G 0.06731 0.01649 0.91620 293 1.3304 -0.000708 1.122956 1.12074 -0.197
0.06731 0.01649 0.91620 298 1.3304 -0.000708 1.119416 1.11781 -0.143
0.06731 0.01649 0.91620 303 1.3304 -0.000708 1.115876 1.11468 -0.107
0.06731 0.01649 0.91620 313 1.3304 -0.000708 1.108796 1.10749 -0.118
0.06731 0.01649 0.91620 323 1.3304 -0.000708 1.101716 1.1001 -0.147
0.06731 0.01649 0.91620 333 1.3304 -0.000708 1.094636 1.09237 -0.207
0.06731 0.01649 0.91620 343 1.3304 -0.000708 1.087556 1.0868 -0.07
0.06731 0.01649 0.91620 353 1.3304 -0.000708 1.080476 1.07906 -0.131
0.06731 0.01649 0.91620 363 1.3304 -0.000708 1.073396 1.07086 -0.236
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System Mole fraction T A B Correlation Experimental % of
XMDEA X{gua][OT] X0 density data density data deviation

4MOG 0.06844 0.00000 0.93156 293 1.2522 -0.000707 1.04505 1.04334 -0.164
0.06844 0.00000 0.93156 298 1.2522 -0.000707 1.04151 1.04041 -0.106
0.06844 0.00000 0.93156 303 1.2522 -0.000707 1.03798 1.03728 -0.067
0.06844 0.00000 0.93156 313 1.2522 -0.000707 1.03091 1.03083 -0.008
0.06844 0.00000 0.93156 323 1.2522 -0.000707 1.02384 1.02407 0.023
0.06844 0.00000 0.93156 333 1.2522 -0.000707 1.01677 1.0169 0.013
0.06844 0.00000 0.93156 343 1.2522 -0.000707 1.0097 1.0094 -0.03
0.06844 0.00000 0.93156 353 1.2522 -0.000707 1.00263 1.00166 -0.097
0.06844 0.00000 0.93156 363 1.2522 -0.000707 0.99556 0.99346 -0.211

3MIG 0.05133 0.01677 0.93190 293 1.261 -0.00070475  1.05450825 1.05798 0.329
0.05133 0.01677 0.93190 298 1.261 -0.00070475  1.0509845 1.05531 0.412
0.05133 0.01677 0.93190 303 1.261 -0.00070475  1.04746075 1.05253 0.484
0.05133 0.01677 0.93190 313 1.261 -0.00070475  1.04041325 1.04665 0.599
0.05133 0.01677 0.93190 323 1.261 -0.00070475  1.03336575 1.04037 0.678
0.05133 0.01677 0.93190 333 1.261 -0.00070475  1.02631825 1.03367 0.716
0.05133 0.01677 0.93190 343 1.261 -0.00070475  1.01927075 1.02663 0.722
0.05133 0.01677 0.93190 353 1.261 -0.00070475  1.01222325 1.01922 0.691
0.05133 0.01677 0.93190 363 1.261 -0.00070475  1.00517575 1.01143 0.622
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System Mole fraction T A B Correlation Experimental % of
XMDEA X{gua][OT] XtR:0 density data density data deviation

2M2G 0.03423 0.03356 0.93221 293 1.2426 -0.000733 1.027831 1.07508 4.597
0.03423 0.03356 0.93221 298 1.2426 -0.000733 1.024166 1.07258 4.727

0.03423 0.03356 0.93221 303 1.2426 -0.000733 1.020501 1.06996 4.847

0.03423 0.03356 0.93221 313 1.2426 -0.000733 1.013171 1.06439 5.055

0.03423 0.03356 0.93221 323 1.2426 -0.000733 1.005841 1.05836 5.221

0.03423 0.03356 0.93221 333 1.2426 -0.000733 0.998511 1.05188 5.345

0.03423 0.03356 0.93221 343 1.2426 -0.000733 0.991181 1.04506 5.436

0.03423 0.03356 0.93221 353 1.2426 -0.000733 0.983851 1.0378 5.483

0.03423 0.03356 0.93221 363 1.2426 -0.000733 0.976521 1.03019 5.496

IM3G 0.01713 0.05036 0.93252 293 1.2312  -0.00075725 1.00932575 1.09304 8.294
0.01713 0.05036 0.93252 298 1.2312  -0.00075725  1.0055395 1.09068 8.467

0.01713 0.05036 0.93252 303 1.2312  -0.00075725 1.00175325 1.08818 8.628

0.01713 0.05036 0.93252 313 1.2312  -0.00075725 0.99418075 1.08269 8.903

0.01713 0.05036 0.93252 323 1.2312  -0.00075725 0.98660825 1.07679 9.141

0.01713 0.05036 0.93252 333 1.2312  -0.00075725 0.97903575 1.07045 9.337

0.01713 0.05036 0.93252 343 1.2312  -0.00075725 0.97146325 1.06368 9.493

0.01713 0.05036 0.93252 353 1.2312  -0.00075725 0.96389075 1.0563 9.587

0.01713 0.05036 0.93252 363 1.2312  -0.00075725 0.95631825 1.0469 9.472
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System Mole fraction T A B Corl:elation Expel.'imental % o.f
XMDEA X[gual[OTF] XH20 density data density data deviation
1IMOG 0.01804 0.00000 0.98196 293 1.2486 -0.000731 1.03442 1.01182 -2.185
0.01804 0.00000 0.98196 298 1.2486 -0.000731 1.03076 1.00889 -2.122
0.01804 0.00000 0.98196 303 1.2486 -0.000731 1.02711 1.00576 -2.078
0.01804 0.00000 0.98196 313 1.2486 -0.000731 1.0198 1.00175 -1.77
0.01804 0.00000 0.98196 323 1.2486 -0.000731 1.01249 0.99709 -1.521
0.01804 0.00000 0.98196 333 1.2486 -0.000731 1.00518 0.99175 -1.336
0.01804 0.00000 0.98196 343 1.2486 -0.000731 0.99787 0.97788 -2.003
0.01804 0.00000 0.98196 353 1.2486 -0.000731 0.99056 0.97014 -2.061
0.01804 0.00000 0.98196 363 1.2486 -0.000731 0.98325 0.96194 -2.167
0M4G 0.00000 0.06716 0.93284 293 1.261 -0.000743 1.0433 1.10956 6.351
0.00000 0.06716 0.93284 298 1.261 -0.000743 1.03959 1.1073 6.514
0.00000 0.06716 0.93284 303 1.261 -0.000743 1.03587 1.10488 6.662
0.00000 0.06716 0.93284 313 1.261 -0.000743 1.02844 1.09959 6.918
0.00000 0.06716 0.93284 323 1.261 -0.000743 1.02101 1.09378 7.127
0.00000 0.06716 0.93284 333 1.261 -0.000743 1.01358 1.08749 7.292
0.00000 0.06716 0.93284 343 1.261 -0.000743 1.00615 1.08075 7.414
0.00000 0.06716 0.93284 353 1.261 -0.000743 0.99872 1.07787 7.925
0.00000 0.06716 0.93284 363 1.261 -0.000743 0.99129 1.0759 8.535
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System Mole fraction T A B Correlation Experimental % of
XMDEA X{gua][OT] X0 density data density data deviation
OM1G 0.00000 0.01768 0.98232 293 1.294 -0.000722 1.08245 1.08483 0.22
0.00000 0.01768 0.98232 298 1.294 -0.000722 1.07884 1.0819 0.283
0.00000 0.01768 0.98232 303 1.294 -0.000722 1.07523 1.07877 0.329
0.00000 0.01768 0.98232 313 1.294 -0.000722 1.06801 1.07387 0.548
0.00000 0.01768 0.98232 323 1.294 -0.000722 1.06079 1.0684 0.717
0.00000 0.01768 0.98232 333 1.294 -0.000722 1.05357 1.06234 0.832
0.00000 0.01768 0.98232 343 1.294 -0.000722 1.04635 1.05089 0.434
0.00000 0.01768 0.98232 353 1.294 -0.000722 1.03913 1.04315 0.386
0.00000 0.01768 0.98232 363 1.294 -0.000722 1.03191 1.03495 0.294
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Effect addition of [gua][OTf] to 4M MDEA on viscosity at different

temperature

Effect addition of [gua][OTf] to 4 M MDEA on viscosity at different

temperature
[gua][OTf] P

x 10" (mol dm™)
303.2K 3132K 3232K 3332K 3432K  3532K

4MOG 6.671 4.706 3.057 2.193 1.589 1.194
4MO.1G 7.1759 5.3001 3.4903 2.6002 1.8222 1.6865
4M0.3G 7.5206 5.6893 3.7005 2.9231 2.1332 1.8954
4M0.5G 7.9621 5.8997 4.1113 3.3466 2.5511 2.01378
4MO0.7G 8.1444 6.3106 4.3381 3.6169 2.8009 2.2833
4M0.9G 8.4308 6.7792 4.6981 3.9083 3.0099 2.4041

AM1G 8.931 7.105 5.328 4.151 3.208 2.561

4M2G 11.059 8.745 6.590 5.270 4.352 3.599

Viscosities of aqueous [gua][OTf] at different temperature

Viscosities of aqueous [gua][OTf] at

[gua][OTI] different temperature

x 10" (mol dm™)

303.2 313.2 323.2 333.2

1 0.7366 0.6512 0.6047 0.5555
3 0.7996 0.6757 0.6289 0.5686
5 0.8208 0.6976 0.6517 0.5834
7 0.8616 0.7326 0.6872 0.6095
9 0.9134 0.8268 0.7268 0.6302
10 0.98552  0.83741 0.74377  0.65441
40 1.3611 1.098 0.9221  0.67002
IMOG 1.568 1.178 0.796 0.688
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CO; solubility at high pressure for binary system
System type: Binary
Chemical Systems:
N-methyldiethanolamine
Water
Property: VLE (Solubility of CO,)
Experimental Method: Pressure Change Measurement: thermocouple (Type J (iron-

constantan)), pressure digital indicators with transducers

Equation for loading:

(P Ti s w)* Vgc _ (P r Rf )’*< (Vgc + (Vcell - le ))
ZRT

zZRT

o=
n

total

Pr = total pressure; Py = vapor pressure; V,. = volume of gas container; V. =
volume cell; Vi, = volume solution; ; = initial condition; ; = final condition; 7w =

summation of moles of MDEA and/ or the other absorbents in the liquid phase.

Combined Expanded Uncertainty (k = 2) for the Property: 20 (&) = 0.001 mol CO,/

mol total system

Variables and Constraints: temperature 7, pressure p, Standard Uncertainty (k = 1)

for each variable and constraint: ¢ (T) = 0.1 K; o (p) = 0.001 kgs cm>.
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CO; solubility at high pressure for binary and ternary systems
System type: Binary and ternary
Chemical Systems:
N-methyldiethanolamine
Guanidinium trifluoromethylsulfonate
Water
Property: VLE (Solubility of CO,)
Experimental Method: Pressure Change Measurement: thermocouple (Type J (iron-

constant)), pressure digital indicators with transducers

Equation for loading:

(P Ti s w)* Vgc _ (P r Rf )’*< (Vgc + (Vcell - le ))
ZRT

zZRT

o=
n

total

Pr = total pressure; Py = vapor pressure; V,. = volume of gas container; V. =
volume cell; Vi, = volume solution; ; = initial condition; ; = final condition; 7w =

summation of moles of MDEA and/ or the other absorbents in the liquid phase.

Combined Expanded Uncertainty (k = 2) for the Property: 20 (&) = 0.001 mol CO,/

mol total amine

Variables and Constraints: temperature 7, pressure p, Standard Uncertainty (k = 1)

for each Variable and Constraint: ¢ (T) =0.1 K; ¢ (p) = 0.001 kg¢ cm?>.
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Mole fraction of CO,, H;O, MDEA and [gua][OTf] for all systems at 303 K

Sample T (K) qu. NIII]l)O]éeA [gur;]([)g:T f] mole HQO mole C02 XCo2 XH20 X[gua][OTf] XMDEA Xtotal

4MOG 303 500 0.1020 0.0000 1.3889 0.8840 0.3722 0.5848 0.0000 0.0430 1.0000
1000 0.1020 0.0000 1.3889 0.9810 0.3969 0.5619 0.0000 0.0413 1.0000
1500 0.1020 0.0000 1.3889 1.1570 0.4369 0.5245 0.0000 0.0385 1.0000
2000 0.1020 0.0000 1.3889 1.2090 0.4478 0.5144 0.0000 0.0378 1.0000
2500 0.1020 0.0000 1.3889 1.3200 0.4696 0.4941 0.0000 0.0363 1.0000
3000 0.1020 0.0000 1.3889 1.4240 0.4885 0.4765 0.0000 0.0350 1.0000

4M1G 303 500 0.1020 0.0250 1.3889 0.7650 0.3354 0.6089 0.0110 0.0447 1.0000
1000 0.1020 0.0250 1.3889 0.8338 0.3548 0.5911 0.0106 0.0434 1.0000
1500 0.1020 0.0250 1.3889 0.9300 0.3802 0.5678 0.0102 0.0417 1.0000
2000 0.1020 0.0250 1.3889 1.2988 0.4614 0.4934 0.0089 0.0363 1.0000
2500 0.1020 0.0250 1.3889 1.3488 0.4708 0.4848 0.0087 0.0356 1.0000
3000 0.1020 0.0250 1.3889 1.5225 0.5011 0.4571 0.0082 0.0336 1.0000
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Sample T (K) Pe,. hj[ngé; [ gulglll]([)ng] mole H,O %%lj XCos XH20 X[gua][OTS] XMDEA Xiotal

1MOG 303 500 0.0255 0.0000 1.3889 0.3220 0.1854 0.7999 0.0000 0.0147 1.0000
1000 0.0255 0.0000 1.3889 0.3760 0.2100 0.7757 0.0000 0.0142 1.0000
1500 0.0255 0.0000 1.3889 0.4625 0.2464 0.7400 0.0000 0.0136 1.0000
2000 0.0255 0.0000 1.3889 0.5130 0.2662 0.7206 0.0000 0.0132 1.0000
2500 0.0255 0.0000 1.3889 0.5613 0.2841 0.7030 0.0000 0.0129 1.0000
3000 0.0255 0.0000 1.3889 0.6028 0.2988 0.6885 0.0000 0.0126 1.0000

OM1G 303 500 0.0000 0.0250 1.3889 0.1553 0.0989 0.8851 0.0159 0.0000 1.0000
1000 0.0000 0.0250 1.3889 0.2175 0.1333 0.8514 0.0153 0.0000 1.0000
1500 0.0000 0.0250 1.3889 0.2953 0.1727 0.8126 0.0146 0.0000 1.0000
2000 0.0000 0.0250 1.3889 0.3365 0.1922 0.7935 0.0143 0.0000 1.0000
2500 0.0000 0.0250 1.3889 0.4065 0.2233 0.7630 0.0137 0.0000 1.0000
3000 0.0000 0.0250 1.3889 0.4970 0.2601 0.7268 0.0131 0.0000 1.0000
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Mole fraction of CO,, H;O, MDEA and [gua][OTf] for all systems at 323 K

Sample T (K) P, mole mole mole mole Xeo X o . .
eq MDEA  [gua][OTf] H,0 CO, 2 H20 [gual[OTE] MDEA total

4MOG 323 321 0.1020 0.0000 1.3889  0.7260 0.3275 0.6265 0.0000 0.0460 1.0000
800 0.1020 0.0000 1.3889  0.8730 0.3693 0.5875 0.0000 0.0432 1.0000
1366 0.1020 0.0000 1.3889  1.0410 04111 0.5485 0.0000 0.0403 1.0000
1822 0.1020 0.0000 1.3889 1.1410 0.4335 0.5277 0.0000 0.0388 1.0000
2399 0.1020 0.0000 1.3889 1.2360 0.4533 0.5093 0.0000 0.0374 1.0000
2851 0.1020 0.0000 1.3889 1.3160 0.4688 0.4948 0.0000 0.0364 1.0000

4M1G 323 338 0.1020 0.0250 1.3889  0.6650 0.3049 0.6368 0.0115 0.0468 1.0000
842 0.1020 0.0250 1.3889  0.7200 0.3220 0.6212 0.0112 0.0456 1.0000
1372 0.1020 0.0250 1.3889  0.8513 0.3596 0.5867 0.0106 0.0431 1.0000
1713 0.1020 0.0250 1.3880  0.9975 0.3969 0.5526 0.0099 0.0406 1.0000
2395 0.1020 0.0250 1.3889 1.0800 0.4160 0.5350 0.0096 0.0393 1.0000
2883 0.1020 0.0250 1.3889 1.4350 0.4863 0.4707 0.0085 0.0346 1.0000




mole

mole

mole

mole

Sample T (K) Peg. MDEA  [gua][OTf] H,0 CO, XCcon XH20 X[gua][OTf] XMDEA Xtotal

1MOG 323 521 0.0255 0.0000 1.3889  0.2610 0.1558 0.8290 0.0000 0.0152 1.0000
971 0.0255 0.0000 1.3889  0.3083 0.1789 0.8063 0.0000 0.0148 1.0000
1504 0.0255 0.0000 1.3889  0.3785 0.2111 0.7747 0.0000 0.0142 1.0000
1913 0.0255 0.0000 1.3889  0.4293 0.2328 0.7533 0.0000 0.0138 1.0000
2504 0.0255 0.0000 1.3889  0.4820 0.2542 0.7324 0.0000 0.0135 1.0000
2802 0.0255 0.0000 1.3889  0.5050 0.2631 0.7236 0.0000 0.0133 1.0000

OM1G 323 468 0.0000 0.0250 1.3889  0.1323 0.0855 0.8983 0.0162 0.0000 1.0000
974 0.0000 0.0250 1.3889  0.2085 0.1285 0.8561 0.0154 0.0000 1.0000
1394 0.0000 0.0250 1.3889  0.2540 0.1523 0.8327 0.0150 0.0000 1.0000
2115 0.0000 0.0250 1.3889  0.3190 0.1841 0.8015 0.0144 0.0000 1.0000
2335 0.0000 0.0250 1.3889  0.3890 0.2158 0.7704 0.0139 0.0000 1.0000
2754 0.0000 0.0250 1.3889  0.4358 0.2356 0.7509 0.0135 0.0000 1.0000
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Mole fraction of CO,, H,O, MDEA and [gua][OTf] for all systems at 333 K

Sample T(K) Py mole mole mole mole eo oo X N N
eq MDEA [ gu a] [OTf] Hzo C02 2 2 [gua][OTI] MDEA total
4MOG 333 367 0.1020 0.0000 1.3889 0.1613 0.0976 0.8406 0.0000 0.0618 1.0000
821 0.1020 0.0000 1.3889 0.2080 0.1224 0.8175 0.0000 0.0601 1.0000
1389 0.1020 0.0000 1.3889 0.2355 0.1364 0.8045 0.0000 0.0591 1.0000
1697 0.1020 0.0000 1.3889 0.2423 0.1398 0.8014 0.0000 0.0589 1.0000
2416 0.1020 0.0000 1.3889 0.2755 0.1560 0.7863 0.0000 0.0578 1.0000
2879 0.1020 0.0000 1.3889 0.2835 0.1598 0.7827 0.0000 0.0575 1.0000
4M1G 333 350 0.1020 0.0250 1.3889 0.102 0.0630 0.8584 0.0155 0.0631 1.0000
810 0.1020 0.0250 1.3889 0.105 0.0648 0.8568 0.0154 0.0630 1.0000
1355 0.1020 0.0250 1.3889 0.1490 0.0895 0.8342 0.0150 0.0613 1.0000
1880 0.1020 0.0250 1.3889 0.1590 0.0949 0.8292 0.0149 0.0609 1.0000
2362 0.1020 0.0250 1.3889 0.1858 0.1092 0.8162 0.0147 0.0600 1.0000
2582 0.1020 0.0250 1.3889 0.2608 0.1468 0.7817 0.0141 0.0574 1.0000
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Sample T(K) Py, mole mole mole mole o . . . .
eq MDEA [ gu a] [OTf] Hzo C02 2 H20 [gua][OTI] MDEA total

1MOG 333 543 0.0255 0.0000 1.3889 0.2308 0.1403 0.8442 0.0000 0.0155 1.0000
964 0.0255 0.0000 1.3889 0.2845 0.1675 0.8175 0.0000 0.0150 1.0000
1437 0.0255 0.0000 1.3889 0.3450 0.1961 0.7894 0.0000 0.0145 1.0000
1910 0.0255 0.0000 1.3889 0.3893 0.2158 0.7700 0.0000 0.0141 1.0000
2386 0.0255 0.0000 1.3889 0.4313 0.2337 0.7525 0.0000 0.0138 1.0000
2725 0.0255 0.0000 1.3889 0.4590 0.2450 0.7414 0.0000 0.0136 1.0000

OM1G 333 470 0.0000 0.0250 1.3889 0.0810 0.0542 0.9291 0.0167 0.0000 1.0000
959 0.0000 0.0250 1.3889 0.1455 0.0933 0.8907 0.0160 0.0000 1.0000
1411 0.0000 0.0250 1.3889 0.2093 0.1289 0.8557 0.0154 0.0000 1.0000
1927 0.0000 0.0250 1.3889 0.2485 0.1495 0.8355 0.0150 0.0000 1.0000
2295 0.0000 0.0250 1.3889 0.3215 0.1853 0.8003 0.0144 0.0000 1.0000
2801 0.0000 0.0250 1.3889 0.3688 0.2069 0.7791 0.0140 0.0000 1.0000
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