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ABSTRACT：
The equilibrium CO2 solubility of 2-[2-(dimethylamino)ethoxy]ethanol (DMAEE) was investigated at the temperature range of 298.15-323.15 K with the CO2 partial pressure from 5.0 to 60 kPa. A novel modified Kent-Eisenberg model was proposed to predict the CO2 solubility of DMAEE with the absolute average deviation (ADD) of 3.0% in this work, and this model provides more accurate prediction than the reported Kent-Eisenberg, Austgen, Hu-Chakma, and Li-Shen model. Then four reported tertiary amines were used to validate the universality of the proposed model and the obtained results indicate that the developed model can be applied to the mentioned amines with an acceptable AADs (4.80, 5.47, 8.56, and 3.65 %). In addition, the heat of CO2 absorption and the dissociation constant (pKa) also were systematically evaluated and compared with other reported amines, all obtained results indicates that the DMAEE has a potential to be an alternative absorbent for post-combustion CO2 capture.
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1. Introduction
The increasing atmospheric CO2 concentration leads to the global warming. CO2 emits in the natural environment from industries, such as coal-fired power plants, steel manufacturing, cement factories, and natural gas purification processes.1 Carbon capture and storage (CCS) is the most promising method to reduce the CO2 emission. Presently, the post-combustion technology has been studied extensively across the world, including chemical absorption, adsorption, membrane separation, and hydrate-based carbon dioxide formation techiques.2-4 The chemical absorption technique is the most efficient and mature technology to reduce CO2 emission due to its flexibility in different applications.5 Thus, the amine-based chemical absorption technology is widely used in CO2 capture process.6,7 Therefore, the process of screening for solvent is so important that many experts devote to synthetic new solvents and the blends amines such as tri-solvents for CO2 capture.8,9
 It is well noted that the regenerative energy consumption is about 70% of the total energy cost for CO2 capture.10,11 The high energy consumption of the regeneration process has been the main challenge for the development of this technology. Therefore, tertiary amines raised attention due to their high thermodynamic efficiency and absorption capacity. The application of tertiary amines was proved beneficial to increase the absorption capacity and reduce the energy consumption costs.12,13 Some tertiary amines, like of 2-[(3-aminopropyl)methylamino]ethanol (HMPDA),14 4-diethylamino-2-butanol (DEAB),15 N, N-diethylethanolamine (DEEA), 1-dimethylamino-2-propanol (1DMA2P), and 1-diethylamino-2-propanol (1DEA2P),16 were introduced for CO2 capture. All those amines have high equilibrium CO2 solubility and fast absorption rate. However, other criteria such as heat of absorption need to be considered before commercialization. 
 Thermodynamic modelling is a practical tool for process design and optimization. Many thermodynamic models for CO2 capture have been developed.17 Kent-Eisenberg model was proposed by Kent and Eisenberg, which properly predicted the equilibrium CO2 solubilities in monoethanolamine (MEA) and N-methyldiethanolamine (MDEA) solutions.18 However, the predicted results were not highly correlated to the experimental equilibrium CO2 solubility. Modified Kent-Eisenberg models like Austgen,19 Hu-Chakma,20 and Li-Shen21 models were proposed to improve the accuracy of prediction results in the aqueous alkanolamine solution. Other models were also proposed to predict the equilibrium CO2 solubility. Those models include thermodynamic models such as electrolyte-nonrandom two-liquid (e-NRTL),22 Pitzer, and Deshmukh-Mather23 models, and empirical mathematical models such as ion-specific electrolyte perturbed-chain statistical associating fluid theory (ePC-SAFT),24 Reynolds stress equation (RSE),25 and quantitative structure-property relationship (QSPR),26 and artificial neural network (ANN)27 models. Saghafi28 used random forest and leverage method to analyze the CO2 absorption in diethanolamine (DEA) + N-methyldiethanolamine (MDEA)  solution with the absolute average deviation (AAD) of only 3.7%, which is much less than that of Deshmukh-Mather model at 12.1%. The teams of Aroua29 and Mofarahi30,31 have reported several studies using Deshmukh-Mather model to predict the equilibrium CO2 solubility in aqueous alkanolamine solution. Dey32 proposed a modified Kent-Eisenberg model to calculate the equilibrium CO2 solubilities in N-(3-aminopropyl)-1,3-propanediamine (APDA) and in the blending solvents with 2-amino-2-methyl-1-propanol (AMP) and N-methyldiethanolamine (MDEA) with AAD of 11.09, 10.14, and 7.47%, respectively. In recent work in 2017, Xiao33 produced a novel semi-empirical model to predict the equilibrium CO2 solubility in N-methyl-4-piperidinol (MPDL) solution. A correction factor, Cf, was introduced to improve the accuracy by correcting the concentration of H+. The Cf model can predict the equilibrium CO2 solubility very well with an AAD of 2.0%. This model shows much better prediction than the Kent-Eisenberg model. Based on the literatures mentioned above, thermodynamic modelling is a useful tool to calculate the equilibrium CO2 solubility data, thus helpful to design and screen solvents for CO2 capture process. 
In this work, the equilibrium CO2 solubility in aqueous 2-[2-(dimethylamino) ethoxy] ethanol (DMAEE) solution is investigated at the temperature range of 298.15-323.15 K, the concentration of the amine at 1 and 2 mol/L, and the CO2 partial pressure varying from 5.0 to 60 kPa. Moreover, the dissociation constant (pKa) is optimized and the heat of CO2 absorption in the aqueous DMAEE solution is calculated by the Clausius-Clapeyron equation with CO2 loadings from 0.4 to 0.8. The obtained absorption capacity, dissociation constant (pKa), and heat of CO2 absorption of DMAEE solution are evaluated by comparing with commercial and tertiary amines. Furthermore, a new modified Kent-Eisenberg model is proposed to predict the equilibrium CO2 solubility in aqueous DMAEE solution. 
2. Thermodynamic models
2.1 The reaction mechanism of CO2 absorption into aqueous DMAEE solution
 Generally tertiary amines cannot react with CO2 directly, the base-catalyzed hydration mechanism is the reasonable explanation in previous work.34 The reaction mechanism for the CO2 absorption in aqueous DMAEE solution is as follows:
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where Ki (i = 1-6) represents the chemical equilibrium constant of the reaction i.
 The equilibrium constants for chemical reactions in aqueous DMAEE solution are presented as below:
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where [i] represents the concentration and  stands for the activity coefficient of component i in the solvent, and Ki is the equilibrium constant of reaction i.
Thermodynamic equilibrium constant (Ki) and Henry's constant (He) can be calculated by equation 7 as a function of temperature.
                (7)
where A, B, C, and D are regression coefficients for each item in equation 7.
The physical solubility of CO2 in aqueous DMAEE solution can be calculated by the Henry’s law:
                   (8)
where  is the partial pressure of CO2,  represents the fugacity coefficient of component CO2,  is CO2 activity coefficient, and  stands for the physical solubility of CO2.  and  equal to 1 in the semi-empirical model. 
The values of Ki and He for DMAEE-CO2-H2O system can be obtained from the reference,18 as listed in Table S1 in the supporting information. 
2.2 Mass and electric balances
To determine the concentrations of the species, the following balances must be maintained for the system of DMAEE-CO2-H2O:
Amine balance:
                          (9)
CO2 balance:
                      (10)
Electro-neutrality balance:
           (11)
where stands for the total concentration of DMAEE and  refers to the CO2 loading.
2.3 The activity-fugacity model for the DMAEE-CO2-H2O system 
Deshmukh-Mather model proposed by Deshmukh and Mather, which is suitable to predict the equilibrium CO2 solubility, is one of commonly used activity-fugacity models.35 The Deshmukh-Mather model is a rigorous thermodynamic model in which the phase nonideality is considered that the effective partial pressure and effective concentration are taken to describe the nonideality of DMAEE solution. In Deshmukh-Mather model, it is important to calculate the fugacity and activity coefficients. The molecular and ionic species of the solution are calculated by Guggenheim theory. 
The activity coefficients are calculated by equations 12-14:
                                            (12)
where A is a parameter related to the system temperature and pressure, the parameter B is a constant and equals to 1.2,  stands for the ionic charge of component i, I is a simplification of ionic strength calculated by equation 13:
                          (13)
and  refers to the binary interaction parameter between components i and j as a function of temperature:
                          (14)
where  and  are regression coefficients.
The fugacity coefficients are expressed as in equations 15-18 36:
          (15)
                     (16)
                       (17)
                      (18)
where  stands for the fugacity coefficient of component i in the mixture, v is the molecular volume of the mixture gas,  is the molar fraction of component j,  and  as functions of temperature only stand for the second and third virial coefficients,  stands for the compressibility factor,  stands for the second virial coefficient corresponding to the interaction between i and j, and  is the third virial coefficient corresponding to the interaction between i , j, and k.
The objective function (OF) related to the experimental data and calculated CO2 loading data, was defined by equation 19.37 The nonlinear algebraic equations are correlated to the concentration species and model parameters, the optimization algorithms and functions in MATLAB were used to solve the nonlinear algebraic equations, such as ‘Fsolve’ and ‘Fmincon’. During the optimization procedure, in order to optimize the model parameters, the OF is the minimization, and is the percentage of the average absolute deviation (AAD), which is the summation of errors (deviation between the experimental and calculated CO2 solubility).
                        (19)
where N stands for the number of data points,  and are the experimental and calculated equilibrium CO2 solubilities of the DMAEE solution.
3. Experimental section
3.1 Materials
The 2-[2-(dimethylamino) ethoxy] ethanol (DMAEE) with a purity of 98% was prepared from Sigma-Aldrich Shanghai. Nitrogen and carbon dioxide with purities of 99.99% were purchased from Hunan Zhongtai Hongyuan Gas, Co. Ltd. Hydrochloric acid of 36% was prepared from Hunan Huihong Reagent Co. Ltd. All solvents were used as purchased without further purification.
3.2. Measurement of equilibrium CO2 solubility
The molecule structure of DMAEE and experimental apparatus for CO2 absorption process shows in Figure S1 in the supporting information, contains two flow meters (D07, Seven Star, China), a water saturation vessel, a vapor-liquid absorption reactor, and a water bath (FDLSC-40, accuracy: ±0.05 K). 
The high-purity N2 and CO2 flow through the flow meters at certain flow rates to form a desired CO2 partial pressure within the inert gas, nitrogen, by keeping the total flow rate at 500 mL/min. The gas mixture is saturated in the water saturation vessel before into the bubbling absorption reactor. The bubbling absorption reactor containing 20 mL of the amine solution sits in a thermostatic water bath to maintain the desirable temperature. A condenser column is attached on the reactor to prevent the volatilization of the amine under operating conditions. The absorption is carried out for more than 12 hours to ensure the reaction reaching balance. 
The acid-base titration method is used to measure the equilibrium CO2 solubility. Every time 1 mL of the CO2 loaded solution is taken for titration, more than 3 samples are analyzed for each experiment. When the difference between three measurements is less than 0.01 mol-CO2/mol-amine, the equilibrium CO2 solubility in DMAEE is considered achieved. 
4. Results and discussions
4.1 Equilibrium CO2 solubility in aqueous DMAEE solution
The equilibrium CO2 solubility is a valuable parameter to evaluate the performance of a solvent. Effects of operating conditions have been investigated in literatures to prove the reliability and accuracy for measuring the equilibrium CO2 solubility.38,39 In this work, the equilibrium CO2 solubility in 1 and 2 M of DMAEE solution was measured within the temperature range of 298.15-323.15 K and the CO2 partial pressure ranging from 5.0 to 60 kPa, and all the experimental equilibrium CO2 solubility data can be seen in Tables 1 and 2. It can be seen that the equilibrium CO2 solubility decrease when the temperature rises. The equilibrium CO2 solubility of DMAEE solution increases with CO2 partial pressure. The higher DMAEE concentration in the aqueous solution have lower equilibrium CO2 solubility.
Table 1 Experimental Equilibrium CO2 Solubility in 1M Aqueous DMAEE Solutions
	(kPa)
	Equilibrium CO2 Solubility (mol CO2/mol amine)

	
	298K
	303K
	313K
	323K

	5
	0.618
	0.552
	0.497
	0.411

	10
	0.805
	0.762
	0.648
	0.530

	15
	0.878
	0.800
	0.730
	0.581

	20
	0.904
	0.845
	0.761
	0.683

	30
	0.927
	0.885
	0.844
	0.785

	40
	0.946
	0.902
	0.860
	0.820

	50
	0.960
	0.939
	0.885
	0.836

	60
	0.966
	0.944
	0.906
	0.847


Table 2 Experimental Equilibrium CO2 Solubility in 2M Aqueous DMAEE Solutions
	(kPa)
	Equilibrium CO2 Solubility (mol CO2/mol amine)

	
	298K
	303K
	313K
	323K

	5
	0.490
	0.419
	0.306
	0.204

	10
	0.695
	0.654
	0.487
	0.324

	15
	0.802
	0.704
	0.603
	0.405

	20
	0.829
	0.732
	0.652
	0.490

	30
	0.880
	0.816
	0.738
	0.605

	40
	0.912
	0.860
	0.776
	0.647

	50
	0.925
	0.907
	0.805
	0.709

	60
	0.934
	0.914
	0.833
	0.715


4.2 Vapor-liquid equilibrium (VLE) modelling in aqueous DMAEE solution 
Thermodynamic modelling is normally applied to describe the vapor-liquid equilibrium in aqueous amine solution. For example, Kent-Eisenberg model has been carried out to predict the equilibrium CO2 solubility in aqueous solutions of piperazine (PZ) and 4-(ethyl-methylamino)-2-butanol (EMAB).40,41 To precisely predict the equilibrium CO2 solubility, the experimental equilibrium CO2 solubility data in aqueous DMAEE solution was modelled by six models: Deshmukh-Mather, Kent-Eisenberg, Austgen, Li-Shen, Hu-Chakma, and modified Kent-Eisenberg models. 
4.2.1 Deshmukh-Mather model
 Deshmukh-Mather model is a rigorous model which is different from Kent-Eisenberg model with the apparent equilibrium constant. Fugacity and activity were used to describe the non-ideality in aqueous DMAEE solution. Deshmukh-Mather model was proposed based on chemical and vapor-liquid equilibrium equations to analyze the reaction mechanism. For predicting the equilibrium CO2 solubility in aqueous DMAEE solution, three parameters of K1, fugacity, and activity need to be calculated using suitable approaches in the activity-fugacity model. The protonation constants K1 can be calculated by the dissociation constant (pKa), the fugacity coefficient, and the activity coefficient are calculated by the virial equation and Debye-Hückel theory. 
For DMAEE-CO2-H2O system, it is worthy to consider the concentration of 7 species (Amine, AmineH+, H+, OH-, CO2,,) in the liquid phase. To calculate the activity coefficient, the concentrations of all species need to be evaluated in the optimization process. To simplify the calculation process, the interaction parameters can be reduced with the underlying assumptions: (1) the interactions of the low concentration species (H+, OH-) could be negligible; (2) the binary interaction parameters between the same charge ions could also be negligible; (3) the binary interaction parameters are numerically identical between the component i and the component j; and (4) the self-interaction between molecular species is ignored. Based on these assumptions, there are eight pairs of interaction parameters considered in aqueous DMAEE solution. The remaining binary interaction parameters were calculated by the Deshmukh-Mather model and are summarized in Table 3. 
The calculation flow diagram for activity-fugacity model can be found in Figure S8 in the supporting information.41 The calculated equilibrium CO2 solubilities are highly correlated with the experimental data shed in Figure 1 with an absolute average deviation (AAD) of 4.0%.
Table 3 The binary interactive parameters of activity-fugacity model for DMAEE-CO2-H2O system.
	Parameter
	 
	

	AmineH+-CO2
	-2.475
	1.048e-2

	AmineH+-
	-1.578
	5.01e-3

	AmineH+-
	-2.400
	8.385e-3

	Amine-CO2
	2.144
	-6.17e-3

	Amine-
	-1.080
	4.04e-3

	Amine-
	-1.125
	2.898e-3

	CO2-
	1.813
	-7.832e-3

	CO2-
	3.218
	-1.775e-2
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Figure 1. The experimental equilibrium CO2 solubility vs calculated equilibrium CO2 solubility from Deshmukh-Mather model 
4.2.2 Models derived from Kent-Eisenberg model
Four models based on Kent-Eisenberg (KE) model were applied to predict the CO2 solubility in aqueous DMAEE solution. Kent-Eisenberg model is a semi-empirical model only as a function of the temperature which was proposed by Kent and Eisenberg.18 This model can be expressed as:
                 (20)
where Ai is the regression coefficient for item i in equation 20.
Other modified semi-empirical models (e.g. Austgen, Li-Shen, and Hu-Chakma models) were also developed to predict the equilibrium CO2 solubility. The Austgen model is a modified equation from Kent-Eisenberg model propose by Austgen. This model was employed to predict the equilibrium CO2 solubility in monoethanolamine (MEA) and diethanolamine (DEA) solutions.19 Similar to Kent-Eisenberg model, the Li-Shen and Hu-Chakma models are equations of K1 extended based on Kent-Eisenberg model. The Hu-Chakma model is correlated to the parameters of temperature, the concentration of free amine, and the physical solubility of CO2 in the liquid phase, proposed by Hu and Chakma.20 The Li-Shen model is correlated the experimental factors of temperature, CO2 loading, and the concentration of amine.21 The expressions of extend K1 equations, which was calculated by nonlinear regression method, for all the semi-empirical models can be seen in Table 4. Four models, Kent-Eisenberg, Austgen, Hu-Chakma, and Li-Shen models, were applied to predict the CO2 solubility in aqueous DMAEE solution as shown in the Figure 2 with absolute average deviations (AAD) of 5.5, 5.4, 4.5, and 3.1%, respectively.
Table 4 The parameters of the expression in different models.
	Model
	Expression

	Kent-Eisenberg model  
	

	Austgen model
	

	Li-Shen model
	

	Hu-Chakma model
	


[image: C:\Users\asus\Desktop\4.png]
Figure 2. The experimental equilibrium CO2 solubilities vs the calculated from (a) Kent-Eisenberg, (b) Austgen, (c) Hu-Chakma, and (d) Li-Shen models
4.2.3 The proposed semi-empirical model in this work
In the last few decades, some extended empirical and semi-empirical models were developed to analyze the properties of novel amines. Among them, both Li-Shen and Hu-Chakma models, derived from Kent-Eisenberg (KE) model, are the representatives which significantly improve the accuracy of calculation. More characteristics were selected as affecting variables in extended models. In this work, the concentration of amine and CO2 loading are applied in the modified equation. In addition, based on the experimental data, the relationship between the equilibrium solubility and polynomials of CO2 partial pressure are considered in the modified equation, as shown in equation 27.
 In order to predict the CO2 solubility in aqueous DMAEE solution, the normalized equation is obtained by combining equations 3-6 and 8-11 as below:
            (21)
with
                                       (22)
                            (23)
                            (24)
          (25)
                           (26)
where  refers to the physical solubility of CO2 in the liquid phase. 
As shown in equation 21, the concentration of H+ presents significant effect to predict the CO2 solubility. 
Besides the concentration of hydrogen ion, the physical solubility of CO2 in aqueous DMAEE solution is also a critical factor in the calculation of equilibrium CO2 solubility. The physical solubility of CO2 in aqueous DMAEE solution was corrected to improve the calculation accuracy in the modified Kent-Eisenberg model. The calculation equation of correction factor is as below：
 (27)
where is the initial physical solubility of CO2 calculated by Henry's law, the represents the correction value, the  represents the CO2 partial pressure, [Amine] is the initial concentration of amine, and α is the CO2 loading. 
In order to calculate the parameters of the equation, nonlinear regression method was applied. The prediction results show good agreement with the experimental data as shown Figure 3 with the calculation of absolute average deviation (AAD) of 3.0 %.
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Figure 3. The experimental equilibrium CO2 solubility vs the calculated from the modified Kent-Eisenberg model.
4.3 The robustness of the proposed model
It is important that the modified Kent-Eisenberg model is optimized on the basis of experimental data. In this study, a correction factor correlated with the CO2 partial pressure, temperature, CO2 loading, and the initial concentration of amine is introduced to optimize the physical solubility of CO2. In order to evaluate and analyze the robustness or universality of the model, the equilibrium CO2 solubilities in other amines, i.e. 1-(2-hydoxyethyl)-piperidine (HEPP),42 4-(ethyl-methylamino)-2-butanol (EMAB),41 N-methyldiethanolamine (MDEA)29, and N-methyl-4-piperidinol (MPDL)33), are also modeled with the modified Kent-Eisenberg model. A comparison of the prediction results using the other semi-empirical models and the modified Kent-Eisenberg model are shown in the Figure 4. It can be found that the modified Kent-Eisenberg model provides accurate equilibrium CO2 solubility than the parent Kent-Eisenberg model for all investigated amines. For the modified Kent-Eisenberg model in this work, the correction factor of physical solubility of CO2 was used to describe the nonideality of the solution. This is an effective way to simplify and correct the nonideality of the solution. Moreover, the prediction accuracies are improved for all other aqueous amine solutions. It is noted that as all experiments were carried out under atmospheric pressure, the predictions based on these may have deviation for experiments under high pressures.
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Figure 4. The experimental equilibrium CO2 solubility vs the calculated from five semi-empirical models, (a) HEPP, (b) EMAB, (c) MDEA, and (d) MPDL.
4.4 Dissociation constant (pKa) in aqueous DMAEE solution
Dissociation constant (pKa) correlated to the reaction rate of CO2 with the aqueous alkanolamine solution stands for the basicity of the solvent. The higher the pKa of the solvent, the faster reacting with CO2, which has been proved by previous studies.43 K1 as a correlated factor is an important indicator in understanding the reaction mechanism of aqueous DMAEE solution. Here,
                             (28)
The relationship of pKa with temperature in aqueous DMAEE solution were extracted from the published literature.44 The relationship between the equilibrium constant K1 and temperature in aqueous DMAEE solution is shown in Figure 5. The relative deviation of calculation was 0.05%, the equation can be expressed as follows:
                     (29)
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Figure 5. (a) The dissociation constant and (b) the equilibrium constants K1 of DMAEE solution at different temperatures.  
4.5 Heat of CO2 absorption in aqueous DMAEE solution
The heat of CO2 absorption  is an important factor for CO2 capture, which reflects the energy consumption for regenerate CO2, and the larger absorption heat indicates the more energy requirements and the higher operating costs. In this study, the heat of CO2 absorption was estimated by the Clausius-Clapeyron equation and was also experimentally measured. The experimental CO2 absorption heats for monoethanolamine (MEA), diethanolamine (DEA), and N-methyldiethanolamine (MDEA) were obtained using calorimeter which are in good agreement with the estimated values based on the Clausius-Clapeyron equation in published literatures.13,45 
The Clausius-Clapeyron equation is a differentiation relationship (Equation 30) to estimate the heat of absorption that applied in DMAEE solution:
                           (30)
where R represents the universal gas constant (8.314 J/ (mol·K)), and  is the heat of CO2 absorption. 
In this study, the plots of ln (PCO2) vs 1/T at different CO2 loadings in 2M of DMAEE solution are shown in Figure 6a. The average heat of CO2 absorption is calculated as -45.86 kJ/mol. The relationship of  and CO2 loadings for different amines were plotted in Figure 6b. The reference amines include common commercially used and tertiary amines, that is, monoethanolamine (MEA),46 diethanolamine (DEA),12 2-amino-2-methyl-1-propanol (AMP),47 piperazine (PZ), 40N-methyldiethanolamine (MDEA),13 N-methyl-4-piperidinol (MPDL),33 3-diethylamino-1,2-propanediol (DEPD),48 4-diethylamino-2-butanol (DEAB)49, and 4-(ethyl-methylamino)-2-butanol (EMAB).41 It is found that the  in aqueous DMAEE solution is lower than commercial amines, as the carbamate process does not exist in tertiary amines. In comparison with other tertiary amines, the  in aqueous DMAEE solution is higher than DE-1,2-PD and lower than MPDL, EMAB, and DEAB. This could be attributed to the ether-bond cracking increasing the reaction heat, while the methyl substituent reduces the absorption heat. 
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Figure 6. (a) The Clausius-Clapeyron equation plots of ln (PCO2) vs 1/T at 2 M DMAEE and (b) CO2 absorption heat vs equilibrium CO2 solubility for different amines.
4.6 Comprehensive evaluation of DMAEE for CO2 absorption
The DMAEE for CO2 capture process was evaluated by comparing with other amines regarding equilibrium CO2 solubility and dissociation constant (pKa). The equilibrium CO2 solubility of 2M DMAEE was also evaluated by comparing with other amines at 313.15 K and under the CO2 partial pressures ranging from 1 to100 kPa. Figure 7a displays that the equilibrium CO2 solubility of DMAEE is higher than MDEA solution, and the trend is almost the same as MPDL and MDEA under same conditions. For the CO2 partial pressure at 15 kPa, the equilibrium CO2 solubilities can be ranked as: PZ > DEAB > EMAB > AMP > DE-1,2-PD >DMAEE> MPDL > MDEA > DEA > MEA. 
The dissociation constant (pKa) is a key factor in screening solvents for CO2 capture. The dissociation constant (pKa) of DMAEE solution is only higher than MDEA and DEA, and lower than other amines as shown in Figure 7b. Due to the pKa indirectly correlating to K2, the higher the pKa of the solvent, the faster the reaction rate of CO2 absorption. Therefore, the DMAEE solution reacts fairly slow for the CO2 absorption process.
 Based on above mentioned three effects, the comprehensive analysis of equilibrium CO2 solubility, dissociation constant (pKa), and CO2 absorption heat all indicate that the tertiary amine DMAEE performs well in equilibrium CO2 solubility and, while DMAEE has low reaction rate for CO2 absorption, which could be overcome by choosing amine blends containing DMAEE for more efficient CO2 capture processes. 
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Figure 7. (a) The equilibrium CO2 solubility in 2 M of different aqueous amine solutions at 313.15 K, an (b) a comparison of pKa of different amines at 298.15 K.
5. Conclusions
In this research, the performance of aqueous 2-(2-(dimethylamino) ethoxy) -ethanol (DMAEE) was investigated for post-combustion CO2 capture. Experimental equilibrium CO2 solubilities of DMAEE solution were measured at atmosphere pressure with the amine concentrations of 1 and 2 mol/L, CO2 partial pressure from 5.0 to 60 kPa and temperature ranging from 298.15 to 323.15 K. All experimental results were modelled by six models. Deshmukh-Mather, Kent-Eisenberg, Austgen, Hu-Chakma, and Li-Shen models have the absolute average deviations (AAD) of 4.0, 5.5, 5.4, 4.5, and 3.1 %, respectively, while the modified Kent-Eisenberg model is superior to other models with an AAD of 3.0%. Likewise, the novel modified Kent-Eisenberg model can more precisely predict the equilibrium CO2 solubilities of other amines than Kent-Eisenberg model for the other reported tertiary amines. In addition, the CO2 absorption heat of DMAEE solution was calculated using the Clausius-Clapeyron equation with the value of -45.86 kJ/mol.
In comparison with other commonly reported amines, DMAEE solution exhibits good performance in respect of a relative lower CO2 absorption heat and that benefits to reduce the heat consumption in solvent regeneration process, and the DMAEE have higher CO2 solubility than the mentioned amines, but lesser than other tertiary amines, for example, 4-(ethyl-methylamino)-2-butanol (EMAB), under same operating conditions. So, based on the obtained results for the DMAEE in this work, it can reasonably infer that the DMAEE could be an alternative absorbent for post-combustion CO2 capture.

Notation
MEA = monoethanolamine
DEA = diethanolamine 
MDEA = N-methyldiethanolamine
AMP = 2-amino-2-methyl-1-propanol
1DMA2P = 1-dimethylamino-2-propanol
3DMA1P = 3-dimethylamino-1-propanol
PZ = piperazine
3DEA1P = 3-diethylamino-1-propanol
DEAB = 4-diethylamino-2-butanol 
EMAB = 4-(ethyl-methylamino)-2-butanol 
DEPD = 3-diethylamino-1, 2-propanediol
1DEA2P = 1-diethylamino-2-propanol
DEEA = N, N-diethylethanolamine 
HMPDA = 2-[(3-aminopropyl) methylamino] ethanol 
APDA = N-(3-aminopropyl)-1, 3-propanediamine
MPDL = N-methyl-4-piperidinol
HEPP= 1- (2-hydoxyethyl) -piperidine
DMAEE = 2-[2-(dimethylamino) ethoxy] ethanol
T = temperature, K
 = CO2 partial pressure, kPa
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