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Abstract 

The deep eutectic solvent has been considered as a new type of ionic liquids. The choline chloride-based deep eutectic 

solvents (ionic liquids) have shown potential to be used as liquid absorbents for CO2 separation/capture, and the easy 

synthesis-process and low-price make this kind of absorbents even more attractive. The properties of choline chloride-

based ionic liquids considerably depend on the water content. To systematic study the CO2 capture/separation using 

chlorine chloride-based ionic liquids, in this work, the density, viscosity and interfacial tension of choline chloride/urea 

(1:2) with different water content at atmospheric pressure and at temperatures from 298.15 to 333.15 K were determined 

experimentally, and the CO2 solubility in choline chloride/urea (1:2) with different ratio of water was measured at 

temperatures of 308.2, 318.2 and 328.2 K and at pressures from 0.6 to 4.6 MPa. The measured density, viscosity and 

surface tension were fitted to empirical equations that have been implemented into the commercial software Aspen. The 

CO2 solubility in choline chloride/urea with water was represented with NRTL-RK model, in which the fugacity of CO2 

in the vapor phase was calculated with RK equation of state and the activity coefficient of CO2 in the liquid phase was 

calculated with NRTL model. The research shows that the effects of water on viscosity, surface tension and CO2 

solubility are considerable while its effect on density is weak. 
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1. Introduction 

CO2 separation plays an important role in the development of renewable energy and mitigating of environmental effects 

[1, 2]. However, the cost of CO2 separation using the current state-of-the-art technology, the aqueous (water-based) 

amine technology, is in the range of $50 to $100 per ton [3]  much too high for most of applications. In addition, this 

technology is environmentally unacceptable because of the volatility of amine. It is necessary to explore a low-cost and 

environmentally benign CO2 separation technology.  

Ionic liquid (IL) is an environmentally benign solvent and has shown great potential to be used as liquid absorbents for 

CO2 separation [4]. However, the complicated synthesis process leads to very expensive price for most of ILs, which 

hinders extensive research and applications of ILs in practice. Recently, deep eutectic solvents have been receiving much 

more attention and considered as a new type of ILs [5]. Among them, choline chloride-based ILs are cheap and bio-

degradable, and the synthesis is easy. In addition, it is also promising to use this kind of ILs for CO2 separation [6]. 

Research works have been focused on the measurements of CO2 solubility [6-9], the density & viscosity [10-13], vapor 

pressure [14] as well as heat capacity [15]. It has been observed that some properties of choline chloride-based ILs 

considerably depend on the water content. The water effects on density, vapor pressure and heat capacity have been 

studied [11-12], while the effects of water on other properties of choline chloride-based ILs have not yet been 

investiagted.  More research work is required.  

The goal of this work is to systematically study the water effect on the properties of choline chloride-based ILs. In this 

work, the density, viscosity, surface tension of and the CO2 solubility in choline chloride/urea (1:2) with water were 

studied. Meanwhile, empirical models were used to represent the properties, and then the research work can be further 

implemented into commercial software Aspen to perform the process simulation. 

 

                                                           
*
 E-mail address: xiaoyan.ji@ltu.se 



 

 

13th International Conference on Properties and Phase Equilibria for Products and Process Design 

26 – 30 May 2013, Iguazu Falls, Argentina - Brazil 

 

2 

2. Experimental section 

2.1 Material 

Choline chloride was produced by Sinopharm Chemical Reagent Co, Ltd, China. Urea was produced by Xilong 

Chemical Reagent Co, Ltd, China. The chemicals were A. R. (analytical reagent) grade and used as received. The 

mixtures were simply prepared by heating choline chloride and urea (ChCl/Urea) with a molar ratio of 1:2 at 353.2 K 

until a homogeneous liquid was formed. Samples were dried under a vacuum at 333.2 K for 72 h. The water content of 

dried ChCl/Urea (1:2) was determined by Karl Fischer titration analysis, which was 1200±100 ppm. 

2.2 Density, viscosity and surface tension measurements 

The densities of solutions were measured by Anton Paar DMA 5000 vibrating-tube densimeter with a precision of 10-6 

g·cm-3. The accuracy of temperature is ±0.001 K, and the relative error is less than 0.3 %. The viscosities of solutions 

were measured by the Anton Paar AMVn Measuring Assembly with a precision of 10-4 mPa·s. The temperature accuracy 

is ±0.01 K and the uncertainty of viscosity measurements was estimated to be within ±0.0001. The surface tensions of 

solutions were measured with a Krüss K100 tensiometer by the Wilhelmy plate technique. The platinum was cleaned and 

burned red using the oxidizing portion of the flame of an alcohol burner, and the measurement results were recorded until 

the change was less than 0.03 mN m−1 every 3 min. 

2.3 CO2 solubility measurement 

The apparatus consists of a gas reservoir, an equilibrium cell, a magnetic stirrer and two pressure transducers. The gas 

reservoir and equilibrium cell were placed in a water bath. The water bath was controlled at the desired temperature with 

an uncertainty of ±0.1 K. The pressure transducers (Rosemount 3051) were purchased from Beijing Lanyuhaitian 

Technology LTD, China, with a precision of 0.075 %. The set-up was illustrated in our previous work [16]. 

In experiment, an accurate amount of solvent was loaded into the equilibrium cell. The volume of the solvent was 

determined by the mass and density at the conditional temperature and pressure. The gas was introduced into the gas 

reservoir and the pressure was recorded with the pressure transducers. Then the amount of gas was pressured into the 

equilibrium cell and dissolved in the solvent. It was considered to reach equilibrium if the pressure was kept as a constant 

for 2 h, and the corresponding solubility pressure was measured with the pressure transducers.  

The moles of gas in the liquid phase were determined from the pressure change of the gas reservoir, the equilibrium 

pressure and the volume for the equilibrium cell. This is based on the assumption that the vapor pressure of ChCl/Urea is 

negligible. For ChCl/Urea with water, it was also assumed that the water vapor in the vapor phase is very low and can be 

neglected: i.e. only CO2 exists in the vapor phase. 

3. Models 

In modeling, both empirical equations and semi-empirical models chosen for property representation have been 

implemented into commercial software Aspen. Therefore, the research results of this work can be further implemented 

into Aspen for performing process simulation. In addition, the ChCl/Urea (1:2) was assumed as one pseudo-component 

for simplification.  

3.1 Density correlation 

The density was represented as a function of temperature and composition using the equation: 

 

� = ���� + ��� + �	� + �
                                                                      (1) 
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where � is density in g·cm-3, T is the absolute temperature in kelvin, and w is the mass fraction of ChCl/Urea.  ��, ��, �	 

and �
 are parameters.   

3.2 Viscosity correlation 

The viscosity was correlated with the Andrade equation: 

 

��
 	��� = ���� + ���� �⁄ + �������								���� = �� exp�− � ��⁄ � + �																			���� = �� + ��� + �	�	 + �
�
													���� = �� + ��� + �	�	 + �
�
										

�		                                                    (2)  

 

where η is viscosity in mPa·s. B, C and D are parameters that dependent on mass fraction of ChCl/Urea (w), and � , �  
and �   are parameters.         

3.3 Surface tension correlation 

The surface tension was correlated with equation: 

!
			Υ = #��� + $����																																			#��� = %� exp�%��� + %																												$��� = �� + ��� + �	�																									 �                                                  (3) 

 

where Υ is viscosity in mN·m-1. M and N are parameters related to mass fraction of ChCl/Urea (w), and %  and �  are 

parameters.         

3.4 CO2 solubility modeling 

Due to the low solubility of gas in solutions, the vapor-liquid equilibrium can be represented with Henry’s law:         

                                                       & ' ( ∗ = *+ ,-                                                                                       (4) 

  

where xi is the liquid-phase mole fraction, -  is the vapor-phase mole fraction, ( ∗ is the activity coefficient in the liquid 

phase, + ,is the fugacity coefficient in the vapor phase, &  is the Henry’s law constant, and P is the system pressure. 

For the system studied in this work, the vapor pressure of ChCl/Urea is negligible, and it is reasonable to assume that 

CO2 is the only component in the vapor phase when ChCl/Urea is dry. To study the water effect on CO2 solubility, a 

certain amount of water was added into ChCl/Urea. Based on the literature, for H2O-CO2 system, the maximum water 

content in the vapor phase is less than 0.004 (mole fraction) at 323.2 K and 4.51 MPa [17]. The effect of ChCl/Urea is 

“salt-in effect”, i.e. the water content in the vapor phase decreases with increasing content of ChCl/Urea in the liquid 

phase. Therefore, it is reasonable to assume that only CO2 exists in the vapor phase. The vapor-liquid equilibrium can be 

simplified to the fowling equation: 

 

&./0'./0(./0∗ = *+./0,                                                                                 (5)    
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Redlich –Kwong (RK) equation of state [18] was used to calculate the fugacity of CO2 in the vapor phase: 

 

�11
�1
1* = 2� �3 − ��⁄ − �/�� 	⁄ 3�3 + ��	5	 = � 2	�	.7 = 0.4278⁄ �.	.7 *.�	.7⁄� = � 2� = 0.0867 �. *.�																⁄⁄> = 1 �1 − ℎ�⁄ − �5	 �⁄ �ℎ �1 + ℎ�	⁄> = *3 2�					⁄ 																																								ℎ = �* > = � 3⁄⁄ 																																	

�                                                               (6) 

 

where a, b, A, and B are parameters calculated from the critical temperature and critical pressure. The critical temperature 

and critical pressure of CO2 were obtained from NIST webbook [19] with the value 304.2 K and 7.38 MPa, respectively. 

The fugacity coefficient of CO2 was calculated with  

   

��+ = > − 1 − ln�> − �*� − �5	/��ln	�1 + �*/>�                                                    (7) 

 

The Henry’s law constant of CO2 was calculated from the solubility data according to equation: 

 &./0 = limEF→� �*+./0, './0⁄ �                                                                            (8) 

 

The activity coefficient iγ ∗
 is based on the infinite dilution reference state with the definition: 

 

  H	( ∗ = ( ( I⁄ 																						��( I = limEF→J ��( 					 �                                                                                 (9) 

 

where γ is the activity coefficient of CO2 in the liquid phase and γ∞ is the activity coefficient when the composition of 

CO2 approaches zero while the ratio of other components keeps constant.  

In this work, the non-random two liquids (NRTL) model was used to represent the activity coefficient of component i in 

the liquid phase. In this work, the CO2 solubility was measured at a certain fixed mass ratio of water to ChCl/Urea. It was 

assumed that the solution with fixed mass ratio of water to ChCl/Urea was one pseudo-component in the liquid phase, 

and their properties of density, viscosity as well as surface tension can be calculated based on the knowledge in the 

forgoing sections. Based on this assumption, there are two components, i.e. CO2 (1) and solvent (2) (x1+x2 = 1), in the 

liquid phase, and the activity coefficient of CO2 in the liquid phase can be calculated with   

 

�1�
1			��(� = '		 KL	� M N0OEOPE0N0OQ	 + RO0NO0�E0PEONO0�0S																											T�	 = exp�−UL�	�																																																	T	� = exp�−UL	��																																																	

�                                             (10) 
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In this work, α was assumed to be 0.2, τ12 and τ21 are adjustable parameters that were obtained from the fitting of the 

experimental CO2 solubility data in solvents. The binary interaction parameters dependent on temperature and 

concentration were modeled by 

 

V L�	 = L�	���WRO0�O�	X + �WRO0�0�PRO0�Y�XPRO0�Z�X0��																																	L	� = L	���� + L	����� + [L	��	� + L	��
��\� + �L	��]� + L	��7����	 �                                      (11) 

 

At a certain mass ratio of water to ChCl/Urea,  τ12 is liner change with the increasing of temperature, while τ21 is 

correlated with a second-order polynomial function by temperature.  

 

4. Results 

4.1 Density 

The densities of ChCl/Urea (1:2) with water at temperatures from 298.15 K to 333.15 K were measured in this work. The 
experimental results are listed in Table 1. Su et al. [7] measured the density of ChCl/Urea (1:2) at temperatures from 
293.15 to 353.15 K. The density measured in our work was compared with these available experimental data from Su et 
al. [7]. The comparison shows good agreement, and the comparison results at 303.15 K and 333.15 K are illustrated in 
Fig 1 as examples.  

The densities of ChCl/Urea (1:2) with water decrease with increasing temperature linearly at certain water content as 
shown in Fig2 (a). Further, with increasing water content in mass percentage, the densities of ChCl/Urea (1:2) with water 
decrease linearly at a certain temperature, and the results at 298.15, 308.15, 318.15 and 328.15 K are illustrated in Fig 2 
(b). 

The densities measured in this work were represented by Eq. (1) as a function of temperature and ChCl/Urea mass 
fractions. The parameters regressed and the fitting error is 0.00938% as listed in Table 2. The correlation results were 
illustrated in Fig 2 as the solid curve. 

Table 1. Density (ρ) of ChCl/Urea (1) + H2O (2) (w, weight percentage) 

 w1/ % 

 99.88 96.39 93.30 89.33 84.58 78.09 68.55 50.15 

T / K ρ / g·cm-3 

298.15 1.19729 1.19074 1.18414 1.17603 1.16591 1.15279 1.13300 1.09514 

303.15 1.19447 1.18797 1.18147 1.17335 1.16324 1.15013 1.13038 1.09265 

308.15 1.19173 1.18536 1.17881 1.17067 1.16056 1.14745 1.12772 1.09011 

313.15 1.18900 1.18273 1.17614 1.16800 1.15789 1.14477 1.12505 1.08752 

318.15 1.18626 1.18008 1.17347 1.16532 1.15520 1.14207 1.12235 1.08487 

323.15 1.18354 1.17743 1.17080 1.16264 1.15252 1.13937 1.11964 1.08218 

328.15 1.18095 1.17478 1.16813 1.15996 1.14983 1.13666 1.11690 1.07943 

333.15 1.17835 1.17214 1.16546 1.15772 1.14713 1.13393 1.11413 1.07658 
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    Fig 1. Densities of ChCl/Urea with water content.   ■, experimental results at 303.15 K in this work; ●, experimental 

results at 333.15 K in this work. □, experimental results at 303.15 K from Su et al. [7]; ○, experimental results at 333.15 

K from from Su et al. [7].  

 

          (a)            (b) 

    Fig 2. Density of ChCl/Urea with water at different temperatures. (a) water content at: ■, 0.9988; □, 0.9639; ●, 

0.9330; ○, 0.8933; ▲, 0.8458; △, 0.7809; ▼, 0.6855; and ▽, 0.5015. (b) temperatures at: ■, 298.15 K; □, 308.15 K; ●, 

318.15 K; and ○, 328.15 K. 

 

Table 2. Parameters in Eq. (1) for calculating density of ChCl/Urea+H2O and the fitting error 

Parameters Values �� -4.733E-6 �� 2.070E-1 �	 -5.308E-4 �
 1.151 

AADa 0. 00938% 

a55� = �̂ ∑ `aF,cdefaF,ghiaF,cde ` ̂   where n is the number of data points,  j ,kEl is the density measured in the experiment, and j ,.mn is the density calculated 

from experiment. 
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4.2 Viscosity  

The viscosities of ChCl/Urea with water were measured at temperatures from 298.15 K to 333.15 K. The experimental 

results are listed in Table 2. The viscosity decreases with increasing water content. The viscosity of ChCl/Urea is very 

high at low temperatures. For example, the viscosity is larger than 1571 mPa·s at 298.15 K for ChCl/Urea with very 

small amount of water (0.12%). When the water content increases up to 3.61%, the viscosity decreases down to 337 

mPa·s that is only 1/5 of the viscosity compared to that with 0.12% water. With increasing water content, the viscosity 

keeps decreasing, but it is not as notable as those at higher ChCl/Urea concentration. 

The viscosity of ChCl/Urea with water decreases with increasing temperature, which is the same observation for other 

solutions. The temperature effect on ChCl/Urea is significant, which is also similar to ionic liquids, i.e. the viscosity 

significantly decreases with increasing temperature. With more water in ChCl/Urea, the temperature increasing will 

decrease the viscosity, but it is not as notable as those with lower water content.  

As shown in Fig 3, the viscosity has exponential changes with the increasing of both temperature and water mass 

fractions. The viscosities measured in this work were fitted to Eq. (2) as a function of temperature and ChCl/Urea mass 

fractions. The parameters regressed are listed in Table 4 and the fitting error is 0.07157. 

 

Table 3. Viscosity of ChCl/Urea (1) + H2O (2) (w, Mass Fraction) 

 w1/ % 

 99.88 96.39 93.30 89.33 84.58 78.09 68.55 50.15 

T / K η / mPa·s 

298.15 1571.263 337.092 113.807 45.058 21.096 10.640 5.076 2.261 

303.15 953.680 231.585 83.874 35.512 17.367 9.096 4.448 2.027 

308.15 608.417 157.038 64.338 28.567 14.542 7.878 3.951 1.829 

313.15 403.196 114.902 50.379 23.366 12.359 6.881 3.520 1.659 

318.15 277.207 86.579 40.307 19.383 10.602 6.071 3.226 1.513 

323.15 195.788 66.355 32.836 16.320 9.189 5.400 2.844 1.388 

328.15 143.598 52.130 27.032 13.938 8.030 4.839 2.597 1.277 

333.15 107.687 41.763 22.651 12.018 7.088 4.366 2.359 1.180 

 

 

               (a)         (b) 

    Fig 3. Viscosity of ChCl/Urea with water at different temperatures. (a) With water in mass percentage: ■, 0.9988; □, 

0.9639; ●, 0.9330; ○, 0.8933; ▲, 0.8458; △, 0.7809; ▼, 0.6855; and ▽, 0.5015. (b) temperatures at: ■, 298.15 K; □, 

308.15 K; ●, 318.15 K; and ○, 328.15 K. 
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Table 4. Parameters in Eq. (2) for calculating viscosity of ChCl/Urea-H2O and the fitting error 

Parameters value Parameters value Parameters value � �� 30.325 � �� -541.64 � �� 104.86 
 �� -0.16661  �� 2149.5  �� -432.69 
 �	 2304.3  �	 -2741.6  �	 573.64 
    �
 970.25  �
 -224.36 

AADb        0.07157 
b55� = �̂ ∑ `aF,cdefaF,ghiaF,cde ` ̂   where n is the number of data points, j ,kEl is the viscosity measured in the experiment, and j ,.mn  is the viscosity calculated 

from experiment. 

 

4.3 Surface tension 

Surface tension of ChCl/Urea with water was measured at 307.9, 318.2, 327.5 and 337.7 K. The experimental results 
are listed in Table 5. The surface tension decreases with increasing temperature and water content. With increasing 
temperature, the surface tension decreases linearly, while with increasing water content in mass fractions, the surface 
tension shows exponentially decreases.   

The surface tension measured in this work was represented by Eq. (3) and represented as solid curves in Fig 4. The 
parameters regressed are listed in Table 6 and the fitting error is 0.00392. 

Table 5. Surface tension of ChCl/Urea (1) + H2O (2) (w, Mass Fraction) 

 w1/ % 

 99.48 89.91 75.06 52.10 

T / K Υ / mN·m-1 

307.9 74.43 69.41 64.31 59.58 

318.2 70.42 66.23 61.89 57.79 

327.5 66.89 63.24 59.04 55.63 

337.7 63.99 60.19 57.14 52.84 

 

 

Table 6. Parameters in Eq. (3) for calculating surface tension of ChCl/Urea-H2O and the fitting error 

Parameters   Parameters   % %� 5.863 � �� -0.2510 
 %� 2.534  �� 0.2145 
 %	 106.4  �	 -0.3073 

AADc     0.00392 
c55� = �̂ ∑ `aF,cdefaF,ghiaF,cde ` ̂   where n-number of data points. j ,kEl-surface tension measured in the experiment. j ,.mn –surface tension calculated from 

experiment. 
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         (a)       (b) 

    Fig 4.  Surface tension of ChCl/Urea with water (a) with water content (mass fraction): ■, 0.9948; □, 0.8991; ●, 

0.7506; and ○, 0.5210.   (b) temperatures at: ▲, 307.9 K; △, 318.2 K; ▼, 327.5 K; and ▽, 337.7 K 

 

4.4 CO2 solubility 

The solubilities of CO2 in ChCl/Urea with water were measured at pressures up to 4.5 MPa and at temperatures of 308.2, 

318.2 and 328.2 K with the water content of 0.9815, 0.9090, 0.8175, and 0.5064. The experimental results are listed in 

Table 7. The solubility of CO2 decreases with increasing water. It is obviously that the small amount of water will 

obviously decrease CO2 solubility. But when the water content is more than 10%, the CO2 solubilities show little 

difference. Therefore, it can be concluded that the water influence on the CO2 solubilities is in a certain lever.  

Table 7. Solubilities of CO2 in ChCl/Urea with water  

ChCl/urea 308.2 K 318.2 K 328.2 K 

wt% P/MPa x P/MPa x P/MPa x 

0.9815 0.678 0.045 0.726 0.044 0.698 0.041 
 1.507 0.090 1.559 0.089 1.678 0.086 
 2.430 0.131 2.501 0.126 2.532 0.115 
 3.418 0.166 3.357 0.16 3.496 0.155 
 4.463 0.185 4.311 0.179 4.454 0.174 
       

0.9090 0.673 0.042 0.702 0.039 0.781 0.040 
 1.530 0.089 1.551 0.080 1.616 0.077 
 2.482 0.125 2.500 0.118 2.511 0.111 
 3.468 0.152 3.436 0.145 3.460 0.141 
 4.480 0.172 4.457 0.164 4.396 0.159 
       

0.8175 0.726 0.040 0.659 0.036 0.669 0.035 
 1.592 0.083 1.551 0.077 1.540 0.068 
 2.499 0.122 2.498 0.114 2.504 0.104 
 3.454 0.145 3.480 0.141 3.478 0.137 
 4.352 0.162 4.386 0.159 4.356 0.156 
       
0.5064 0.726 0.039 0.708 0.037 0.712 0.034 
 1.530 0.077 1.563 0.076 1.540 0.069 
 2.463 0.115 2.456 0.111 2.467 0.102 
 3.402 0.141 3.479 0.138 3.466 0.134 
 4.339 0.159 4.451 0.158 4.334 0.154 
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Using eq. (8), the Henry’s law constants of CO2 in ChCl/Urea with different water (mass fractions) were calculated and 

listed in Table 8. It shows again that the influence of water content on the CO2 solubilities is only in a certain lever. 

When the water concentration is more than 10% (mass percentage), the Henry’s law constants shows slightly increases 

with increasing water content. 

The solubilities of CO2 in ChCl/Urea with water were represented by the NRTL-RK model in which the adjustable 

parameters τ12 and τ21 were obtained from the fitting of CO2 solubility data measured in this work. The fitted parameters 

are listed in Table 9. The comparison of the model results with the experimental data measured in this work is shown in 

Figs 5-7, which reveals that NRTL-RK model can be used to represent the CO2 solubility in ChCl/Urea accurately.  

 

 Fig 5. Solubility of CO2 in ChCl/Urea with water at 308.2 K: ■, 0.9815; ●, 0.9090; ▲, 0.8175; ▼, 0.5064 

 

    Fig 6. Solubility of CO2 in ChCl/Urea with water at 318.2 K: ■, 0.9815; ●, 0.9090; ▲, 0.8175; ▼, 0.5064 
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    Fig 7. Solubility of CO2 in ChCl/Urea with water at 328.2 K: ■, 0.9815; ●, 0.9090; ▲, 0.8175; ▼, 0.5064 

 

Table 8. Henry’s law constants of CO2 in choline chloride/urea with water  

 &./0 	/ MPa 

T / K 0.9815 0.9090 0.8175 0.5064 

308.2 20.7 23.1 23.2 23.5 

318.2 21.1 23.9 24.3 24.6 

328.2 22.7 24.7 24.9 25.2 

 

 

Table 9. Parameters for NRTL-RK model 

Parameters   Parameters   L�	 L�	���
 -2.337E-15 			L	� L	����

 -4.4732E2 

 L�	���
 3.3356E1  L	����

 3.3518E2 

 L�	�	�
 1.5460E1  L	��	�

 2.8459 

 L�	�
�
 -7.3355E1  L	��
�

 -2.1931 

 L�	�]�
 5.2772E1  L	��]�

 -4.604E-3 

    L	��7�
 3.537E-3 

AADd 2.74E-3 

d55� = �̂ ∑ `aF,cdefaF,ghiaF,cde ` ̂   where n-number of data points. j ,kEl-CO2 solubilities measured in the experiment. j ,.mn – CO2 solubilities calculated from 

experiment. 

 

5. Conclusions 

To systematically study the water effect on the properties of choline chloride-based ILs, in this work, the effect of water 

on the density, viscosity and surface tension of ChCl/Urea (1:2) as well as CO2 solubility in ChCl/Urea (1:2) was 

investigated. It is observed that the density, viscosity and surface tension decrease with increasing water content. The 
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influence of water content on the CO2 solubilities is in a certain lever, i.e. the little amount of H2O will significantly 

decrease CO2 solubility, while when the water concentration is more than 10% (mass percentage), the effect is weak. The 

measured density, viscosity and surface tension were fitted to empirical equations that have been implemented into 

Aspen. The solubilities of CO2 were represented with RK-NRTL model. 
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