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The regulation of CO: emissions from industrial operations is crucial from an environmental perspective. The
most widely used solvents for COz capture consist of aqueous alkanolamine solutions. However, amine-based
processes face several challenges, such as corrosion, chemical degradation, and high energy requirements for
solvent regeneration. As potential alternatives, deep eutectic solvents (DESs) have emerged as promising eco-
friendly and biodegradable options for CO: capture. This study experimentally measures the solubility of CO:
in a DES (1 mol NaCl + 16 mol ethylene glycol) using a high-pressure solubility apparatus at the four temper-
atures of 293.15, 303.15, 313.15, and 323.15 K. For the thermodynamic modeling, the Soave Redlich Kwong
equation of state (SRK EoS) was employed, coupled with three different mixing rules of van der Waals (vdW),
Wong Sandler (WS), and modified Huron-Vidal (MHV1). The vdW approach was considered in the three cases
without using binary interaction, constant binary interaction, and variable binary interaction parameter by
temperature. The results demonstrated that by incorporating the WS and MHV1, the local composition concept
was successful in addressing the non-ideality of the liquid phase. Among the tested models, the WS (AARD%=
6.66) and MHV1 (AARD%=5.61) provided the most accurate predictions of equilibrium pressures. Additionally,
Henry’s constant, standard Gibbs energy, enthalpy, and entropy of gas solvation were determined using the
experimental data together with classical thermodynamic relations. The calculated negative standard enthalpy of
solvation indicates an exothermic gas solvation process, signifying that energy is released as CO: dissolves in this
DES.

1. Introduction

To minimize pollution resulting from the continued use of fossil
fuels, it is essential to regulate CO2 emissions from industrial processes
and power plants. Three primary approaches are commonly used for CO:
capture are pre-combustion, post-combustion, and oxyfuel combustion
[1-3]. In the post-combustion process, suitable solvents or sorbents
capture CO: from flue gases, followed by CO: separation and compres-
sion for storage [4,5]. The most widely used solvents for CO2 capture are
aqueous alkanolamine solutions. However, amine-based processes pre-
sent several drawbacks, including corrosion, degradation, and high en-
ergy consumption for regeneration [6-8]. To overcome these challenges,
physical solvents such as dimethylformamide (DMF) and polyethylene
glycol (PEG) can serve as alternatives to amines, but they have lower
absorption capacities [9,10]. Ionic liquids (ILs), another class of solvents

* Corresponding authors.

suggested for this purpose, offer advantages such as tunable properties
and low volatility, yet their high cost remains a limitation [11-14].
Nowadays, deep eutectic solvents (DESs) show interesting performances
as eco-friendly and biodegradable alternatives to amines for CO2 cap-
ture. Similar to ILs, DESs possess tunable physicochemical properties
[15-17]. Furthermore, DESs exhibit several other superior characteris-
tics, including low volatility, low toxicity, non-flammability, and high
solubilizing capacity for a wide range of compounds. These properties
make them valuable for applications as green solvents, electrolytes, and
catalysts [18-21].

DESs are formed by mixing hydrogen bond acceptors (HBAs) and
hydrogen bond donors (HBDs) in particular molar ratios, significantly
lowering their melting points with respect to the individual constituent
components. Strong hydrogen bonding between the HBD and HBA sta-
bilizes the liquid phase, forming a three-dimensional hydrogen bond
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network. The chemical structures of the HBDs and HBAs influence the
strength of hydrogen bonding; thus, a calculated choice of their types
and ratios enables the customization of DES properties for specific
applications.

When a DES is employed for CO2 capture, multiple intermolecular
forces contribute to the absorption mechanism, including hydrogen
bonding between CO: and the HBA groups of the DES, as well as van der
Waals forces between CO2 and DES components. Most thermodynamic
models for the computation of CO: solubility have treated a DES as a
pseudo-compound. With this perspective, selecting an appropriate
thermodynamic model is crucial for accurate solubility predictions [22,
23]. Al-Bodour et al. provided a comprehensive review of CO3 solubility
in DESs [24].

This study experimentally measures the solubility of CO:z in the DES
consisting of 1 NaCl + 16 ethylene glycol using a high pressure validated
equipment at different temperatures. For the thermodynamic modeling,
the ¢-¢ approach is applied, wherein fugacity coefficients are computed
using the Soave Redlich Kwong (SRK EoS) [25] coupled with three
different mixing rules of van der Waals (vdW) [26], Wong-Sandler (WS)
[27,28], and modified Huron-Vidal (MHV1) [29]. The vdW mixing rules
were considered in three modes [30-32]. With (k;=0), with (k;=k), and
with (k;j=k;T+k2). The WS and MHV1 mixing rules are utilized to
examine the impact of the local composition concept on intermolecular
forces in the CO2/DES system. These mixing rules were coupled with the
non-random two-liquid (NRTL) model. The Henry’s constant (H;),
standard solvation Gibbs energy (AG?oz), standard solvation (AH?ol), and
standard solvation entropy (AS2)) are also determined using the
experimental data and classical thermodynamic relations.

2. Experimental
2.1. Materials

Table 1 outlines the chemicals employed in this work, together with
their purities and suppliers.

The synthesis of the DES involved drying the HBA and HBD, followed
by accurately weighing them to achieve a HBA:HBD molar ratio of 1:16
using a high accuracy balance (sensitivity of 0.001 g), then the weighed
HBD and HBA were stirred and mixed in a closed top flask and subjected
for strong shaking in a shaker incubator at 60 °C for 24 h. After achieving
a uniform and colorless liquid DES, in order to minimize moisture
content, the synthesized DES was transferred to a vacuum oven for an
additional 24 h at a temperature of 60 °C. Finally, the dried DES’s water
content was measured with a Karl-Fischer titrator, yielding a mass
fraction of 0.0001. The formation of a deep eutectic solvent (DES) from
the mixture of sodium chloride and ethylene glycol at a molar ratio of
1:16 has been confirmed in the literature [33].

The final dried synthesized DES was used for carbon dioxide ab-
sorption experiments in a high gas solubility measurement apparatus,
which has been validated before in published studies. The details of the
experiment and measurement apparatus were published before [18,22,
23]. Further details about methodology and procedural framework for
measuring CO: solubility, the specifications of the measuring

Table 1
The list of chemicals used with their vendors and purities in this work.

Material CAS Supplier Initial Purification method
number purity?
Sodium 7647-14-5 Merck 99.5 % Dried 24 hina
chloride vacuum oven
Ethylene 107-21-1 Merck 99.5 % Dried 24 hina
glycol vacuum oven
Carbon 124-38-9 Tarkib Gas 99.995 % No further
dioxide Pars purification

“mass fraction.

Results in Engineering 27 (2025) 106230

instruments, along with their associated uncertainties, and the method
of evaluation of the uncertainties of the CO2 mole fractions were pre-
sented in the Supporting Information section.

3. Thermodynamic modeling

The SRK EoS [25], in combination with the vdW [26], WS [27,28],
and MHV1 mixing rules [29] was employed to calculate the equilibrium
pressures of the COz2 + DES system. Among these models, the vdW
mixing rules were the most simple, the MHV1 mixing rules exhibited
moderate complexity, while the WS mixing rules were the most com-
plex, providing a detailed representation of the non-ideality of the liquid
phase. The SRK EoS is expressed as follows [25]:

RT a

LAV S

®

In Eq. (1), P denotes the absolute pressure, T represents the absolute
temperature, R signifies the universal gas constant, and v corresponds to
the molar volume. The parameters a and b describe attractive and
repulsive forces, respectively. The temperature dependence of the
attraction parameter a is expressed as follows [25]:

27 2
a=[1+ (0.48 +1.574w — 0.1760%) (1 — T,°%)]’ (0.42747RPTC >

c

(2)

In Eq. (2), P, and T, represent the critical pressure and critical tem-
perature, respectively. The parameter @ denotes the acentric factor,
which characterizes the deviation of a substance from idealized spher-
ical molecules. It is worth mentioning that DES was assumed to be a
pseudo-component. The reduced temperature, T;, is defined as the ratio
of the temperature to the critical temperature. The repulsion parameter
is expressed as follows:

RT,
b =0.08664 3

c

The cubic representation of the SRK EoS in terms of compressibility
factor (Z) is given by [25],

-7+ (A-B-B*)Z— (AB)=0 Q)

where, A and B are dimensionless parameters:

aP
A= RoTE )
bpP
B=Rr ©)

Finally, the fuacity coefficient (¢;) for the SRK EoS is defined as
follows [25]:
A B
Lng,=(Z—-1)—Ln(Z—B) —=Ln(1+2 7)
B V4
The parameters a and b of the mixture can be determined using the
combination of the SRK EoS and the aforementioned mixing rules. The
simplest approach for calculating these parameters is through the vdW
mixing rules, which are expressed as follows [26].

Apix = Z ZXiX]' (aiaj)o's (1 — ky) (8)

=1 j=1

bmi.x = ixibi (9)
i=1

According to Egs. (8) and (9), anix exhibits a quadratic dependence
on the mole fractions, whereas b, follows a linear dependence. The
binary interaction parameter (BIP) between components ii and jj is
denoted by k.
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The vdW mixing rules were applied in three distinct scenarios: with
(k;j=0), with (k;=k), and with (kj=k;T+k2). The WS and MHV1 mixing
rules were employed to analyze the impact of local composition on
intermolecular interactions within the CO2/DES system. These models
incorporated the appropriate GE**** model to account for liquid-phase
non-idealities. While the MHV1 model employed the same relation for
bmix as the vdW mixing rules, it introduced a new formulation for the
dimensionless mixture parameter apmix [29].

GExcess

1 b
iy = inai + a ( RT + inlnb—l) (10)

a
a:ﬁ, an

In Eq. (10), q; is an EoS-dependent constant. For the SRK EoS, g; has
a value of —0.593 [29] Finally, the most complex mixing rules, the WS
mixing rules, were applied to account for the non-ideality of the liquid
phase and improve the accuracy of the CO: solubility predictions [27,
28]:

(b)) (&)
~(ox(w) - ()

(Sxpm(e-),)

el ()

In Egs. (12) and (13), (b - %) _ represents the second virial coeffi-
ij

cient and has the following relation [27,28]:

(b o) Db oy )OZ(TI —k) a4
i

In Egs. (12) and (13), C is a parameter for the EoS. For the SRK EoS, C
is —0.69315 [27,28]. Compared to the MHV1 model, the WS model
includes an additional optimizing parameter, kj, which enhances its
flexibility in correlating experimental data. For both GZ°®* mixing rules
(MHV1 and WS), the NRTL G model was employed to account for
the non-ideality of the liquid phase [34-36].

GExcess R 721G21 712612 (15)
RT \x 206y X+ 16y

812-822

_ g 16

T12 RT 4o
821-8n11

_&ign 17

=Ry 7

G2 = exp(—a'Ti2) (e

G = exp(—a/7a) 49

The binary parameters of g15_g»» and g»-g11 represent the interac-
tion energies. o stands for the non-randomness parameter and has
values ranging from 0.20 to 0.49 [35].

For dilute liquid mixtures, the Henry’s constant for a solute i is
thermodynamically defined as follows [18,22,23]:

liq
H, = lim (f_> (20
x-0\ X;

In this expression, H; stands for the Henry’s constant of component i,

while filiq and x; represent the fugacity and mole fraction of solute i in the
liquid phase, respectively. To assess this limit behavior, the condition of
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phase equilibrium, where fugacities of the component in both vapor and
liquid states are equal, is employed. This condition can be expressed
using a modified form of Raoult’s Law in the following equations.

fl9=f% = yPp!® (@)

liq vap PN
H; = lim (f—> = lim (f—) = lim (”’—) = lim (5) (22)
xi—=0\ X; xi—=0\ X xi—0 Xi xi—0 \ X;

Here, P is the total system pressure, y; is the vapor phase mole
fraction of species i, and ¢/ is the fugacity coefficient in the vapor
phase. The derivation of Eq. (22), showing that Henry’s constant cor-
responds to the tangent of the pressure-composition curve at infinite
dilution, requires two simplifying assumptions. First, it assumes that the
solvent (DES) has negligible vapor pressure, which is valid since DESs
typically exhibit extremely low volatility. Second, the vapor-phase
fugacity coefficient is approximated to be unity [18,22]. This is a fair
approximation given that the system pressures used (up to 3.6 MPa) and
temperatures (no lower than 293.2 K) are within the range where CO:
behaves nearly ideally in the vapor phase. Once H; is known, it becomes
straightforward to evaluate the associated standard thermodynamic
functions of the standard entropy of dissolution AS?, standard enthalpy
of dissolution AH?,, and the standard Gibbs energy of dissolution AG?,.
These are calculated using the following equations:

H;
AGY, = RTLn <ﬁ> (23)
o(i(3)
AH®, =R (24

sol 1
) .

_ 0
ASO (AHgol AGSOZ) (25)

sol — T
where PY is the standard reference pressure, typically taken as 0.1 MPa.
Each of those thermodynamic parameters provides key insights. AS2)
reflects the degree of disorder or randomness introduced by the solva-
tion process, AH?

o represents the thermal effect of dissolution, whether

heat is absorbed or released, and AG?, indicates the system’s energetic
favorability at equilibrium, as systems tend to minimize their Gibbs free

energy [18,22,23,37-39].
4. Results and discussion

The experimental isothermal pressure-mole fraction (P-x) data for
the COz (1) + DES (1 NaCl + 16 ethylene glycol) (2) system are pre-
sented in Table 2. This table also includes the uncertainties associated
with the measured mole fractions.

According to Table 2, the typical trend in gas solubility in solvents is
observed, where CO: solubility decreases with increasing temperature.
Raising the temperature reduces gas solubility due to the increased
molecular motion, which weakens intermolecular interactions. A com-
parison of the experimental isothermal P-x data for the system CO2 (1) +
1 NaCl + 16 ethylene glycol (2) is presented in Fig. 2, illustrating the
effects of not only temperature, but also pressure. At a fixed tempera-
ture, according to Fig. 1, an increase in pressure results in enhanced
solubility of CO: in the DES across all isotherms, consistent with Henry’s
law. For the investigation of the effect of NaCl presence, a comparative
analysis was carried out between the investigated DES and the available
experimental data for pure ethylene glycol reported in the literature. As
shown in Fig. S1 in the Supporting Information, the solubility of CO: is
plotted as a function of pressure, covering a range up to approximately 7
MPa. According to this figure, CO: solubility values of the investigated
DES closely follow the same trend and magnitude observed for pure
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Table 2
Isothermal solubility (mole fraction) data and their uncertainties for CO, (1) + 1
NaCl + 16 ethylene glycol (2).

T/K P / MPa X1 u(xy) T/K P / MPa X1 u(xy)
X1 X1

293.2 0.4156 0.0068 0.0215 313.2 0.4521 0.0048 0.0397
0.8656 0.0159 0.0236 0.9453 0.0117 0.0218
1.3618 0.0252 0.0180 1.4913 0.0190 0.0168
1.7613 0.0345 0.0162 1.9311 0.0278 0.0152
2.1798 0.0452 0.0151 2.4006 0.0374 0.0142
2.5763 0.0529 0.0145 2.8531 0.0426 0.0136
3.0898 0.0614 0.0139 3.4398 0.0511 0.0131

303.2 0.4338 0.0058 0.0413 323.2 0.4688 0.0044 0.0383
0.9043 0.0141 0.0227 0.9821 0.0106 0.0211
1.4258 0.0223 0.0173 1.5531 0.0171 0.0162
1.8473 0.0308 0.0156 2.0123 0.0257 0.0147
2.2908 0.0411 0.0146 2.5116 0.0334 0.0138
2.7161 0.0472 0.0141 2.9846 0.0401 0.0133
3.2656 0.0560 0.0135 3.6086 0.0481 0.0127

Standard uncertainties u are u(T) = 0.2 K, u(P)= 0.0005 MPa and @ is the
1

relative uncertainty of the CO, mole fraction.

ethylene glycol with no significant enhancement. This comparison
clearly suggests that the presence of NaCl at a low molar ratio (1:16)
does not lead to a meaningful increase in CO: solubility under the
studied conditions. Since NaCl is a non-volatile inorganic salt with
limited interaction with gaseous COx, its influence is likely restricted to
subtle effects on the bulk properties of the solvent, such as polarity or
hydrogen bonding network. Thus, the CO: solubility behavior is pri-
marily governed by ethylene glycol.

The equilibrium pressures of this CO2 + DES system were calculated
using the SRK EoS in combination with three different mixing rules.
However, due to the lack of available data for the critical properties and
acentric factor of NaCl + 16 ethylene glycol, considered as one pseudo-
component, existing experimental liquid density data for NaCl + 16
ethylene glycol [33] was utilized to obtain these parameters by opti-
mization using the SRK EoS. Table 3 presents the critical properties and
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acentric factors for CO2 and the pseudo-component representing the
DES, which were employed in the thermodynamic modeling.

Next, the parameters of the mixing rules were optimized using the
following objective function:

Pexy — Pea
O.F = (AARD), (%) 100 x 3 | o ! (26)
Exp

~ Number of Data

Table 4 presents the optimized parameters for the vdW, MHV1, and
WS mixing rules.

For all the systems, @ was considered as a constant value of 0.3. The
(AARD),(%) of the calculated equilibrium pressures for all the models
are demonstrated in Table 5.

According to Table 5, the absence of any binary interaction param-
eters in the vdW mixing rule resulted in very poor predictions of equi-
librium pressures, with an average absolute relative deviation
(AARD)p% of 76.48 %. This finding highlights the significant role of the
interaction parameter (kj) in such a system. Furthermore, Table 5 re-
veals that both constant k; ((AARD)p%= 12.75 %) and temperature-
dependent k; ((AARD)p%= 6.97 %) models produced close results.
This indicates that incorporating temperature dependence for the k;
significantly enhances the model’s estimation capability. The AARD%
obtained for the SRK with temperature-dependent k;; is comparable to
those achieved using the SRK + WS + NRTL and SRK + MHV1+ NRTL.
The WS ((AARD)p%= 6.66 %) and MHV1 ((AARD)p%= 5.61 %) models
yielded the most accurate equilibrium pressures for this binary system.
Ultimately, it was concluded that the application of the WS and MHV1
Gexcess models, alongside the local composition concept, effectively
addressed the non-ideality of the liquid phase. Figs. 2-5 present a com-
parison between the experimental and calculated P-x data for the CO5 +

Table 3
The critical pressures (P,.), critical temperatures (T.) and acentric factors (w) of
CO4 [33,40] and the DES.

Component T. (K) P, (MPa) w
CO, 304.21 7.383 0.2236
1 NaCl + 16 ethylene glycol 538.90 8.550 0.5631

4
A303.15K x
@293.15K ® A
3} X ®
¢313.15K N
%X323.15K X o A @
@
[+
2 "
= oA
o *®re
1 B X)“
X9
0 » 1 »
0 0.02 0.04 0.06 0.08

x / mole fraction

Fig. 1. Experimentally determined P-x data of CO, in 1 NaCl + 16 ethylene glycol at four different temperatures.
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Table 4
The optimized parameters of the vdW, MHV1, and WS for CO (1) + 1 NaCl + 16
ethylene glycol (2).

Model Optimized parameters
SRK + vdW (ky; = k) k

0.167913
SRK + vdW (kj = ki T + ki (K1) k2

k2) 0.001043 —0.151828
SRK + WS + NRTL 812 8o (J.mol—l) gzl,gul( ki
J.mol *)
—25,065.49 2996.50 —0.0999
SRK + MHV1 -+ NRTL 812-822 (J.mol’l) 1-& (J.mol™)
—31,209.45 3136.58

Table 5
(AARD),(%) for the calculated equilibrium pressures of the system of CO, (1) +
1 NaCl + 16 ethylene glycol (2).

Model NDP? (AARD), (%)
(SRK -+ vdW) with k;j =0 28 76.48

(SRK + vdW) with k; = k 28 1275

(SRK + vdW) with ki,- =kT +ko 28 6.97

(SRK + WS + NRTL) 28 6.66

(SRK + MHV1+ NRTL) 28 5.61

“number of data points.

1 NaCl + 16 ethylene glycol system.

As illustrated in Figs. 2-5, the WS and MHV1 mixing rules yielded the
most accurate results at lower concentrations. Furthermore, the accu-
racy of the vdW mixing rules with the binary interaction parameter
improved as the temperature increased. This is attributed to the reduc-
tion in the non-ideality of the liquid phase at higher temperatures. For a
statistical evaluation of the calculated results, the error scattering for the
most accurate thermodynamic combination (SRK + MHV1 + NRTL) is
shown in Fig. 6, and the cross plot in Fig. 7.

The results presented in Figs. 6 and 7 demonstrate that the

Results in Engineering 27 (2025) 106230

thermodynamic combination of SRK + MHV1 + NRTL produced
excellent results for the equilibrium pressures of the CO; + (1 NaCl + 16
ethylene glycol).

Following the phase equilibrium calculations, H;, AG%;, AH?, and
AS?, were calculated. The results are presented in Table 6.

Table 6 shows that an increase in temperature was associated with
higher values of Hj, corresponding to the fact that increasing the tem-
perature reduces the solubility of CO; in the DES. The positive values of
the standard Gibbs free energy of solvation (AGY)) reflect an unfavor-
able tendency for CO:z to dissolve in the 1 NaCl + 16 ethylene glycol DES
under standard conditions. However, it is important to note that AG%,
represents the affinity or thermodynamic tendency between the pure
components and does not alone determine spontaneity. The actual cri-
terion for spontaneity is the Gibbs free energy change (AG), given by AG
= AG° + RT Ln x, where x is the mole fraction of CO: in the solvent. As
temperature increases, the values of AGY, also increase, suggesting a
decreasing thermodynamic affinity and reduced solubility of CO: in the
DES at higher temperatures. Additionally, the negative values of AH?,
suggest that energy is released during the dissolution process, making it
exothermic. Therefore, affirming the experimentally observed trend that
the solubility of CO5 in the DES is greater at lower temperatures. Finally,
the negative values of AS?, indicate that the dissolution process leads to
a reduction in disorder.

As the final discussion, it is important to note that to enhance the
understanding of the underlying mechanism governing CO: solubility in
deep eutectic solvents (DESs), it is scientifically meaningful to analyze
the relationship between the entropy of gas dissolution and the available
free or void volume in the solvent matrix. As suggested by recent studies
[41,42], the void volume can be quantitatively estimated using experi-
mentally accessible properties such as the molar volume and refractive
index of the DESs. These parameters offer insight into the packing effi-
ciency and microstructural free space within the solvent, which in turn
influence gas dissolution behavior. By establishing this correlation, it
becomes possible to distinguish the relative entropic versus enthalpic
contributions to the overall solvation thermodynamics. Such analysis
not only provides molecular-level interpretation of gas—solvent

O Experimental data
= - SRK + vdW with kij=0
4 F = - =SRK+ vdW with kij=constant

- ==-SRK + vdW with kij=f(T) ,
eeeee SRK + WS + NRTL 'l.O
3 [ ——SRK+MHVI+NRTL 7 _-
g ./ ’Oo'..
7
z 2 e
a 4
1 F
. ’ ‘ .
— -
0 —_ ’. ) " L

0.04 0.06 0.08

x, / mole fraction

Fig. 2. P-x data of CO; (1) + 1 NaCl + 16 ethylene glycol (2) at T = 293.15 K.
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5
O Experimental data
= - SRK + vdW with Kij=0
4 F — - =SRK + vdW with kij=constant
===2-SRK + vdW with kij=f(T)
eeeeeSRK + WS + NRTL ,.,f.O
3 [ ——SRK + MHV1 + NRTL ,451' :
<
B
=
= 27
1 -
0 — . .
0 0.02 0.04 0.06
X, / mole fraction
Fig. 3. P-x data of CO5 (1) + 1 NaCl + 16 ethylene glycol (2) at T = 303.15 K.
5
O Experimental data
= - SRK + vdW with kij=0
4 F = - =SRK+ vdW with kij=constant
===-SRK + vdW with kij=f(T)
seeeeSRK + WS + NRTL . 220
3 F ——SRK+MHV1 + NRTL
&
=
= 7
1
- -
0 . .
0 0.02 0.04 0.06

x,; / mole fraction

Fig. 4. P-x data of CO; (1) + 1 NaCl + 16 ethylene glycol (2) at T = 313.15 K.

interactions but also supports the rational design of DESs with enhanced
CO: capture performance through entropic optimization.

5. Conclusions

Deep eutectic solvents are considered promising alternatives to

amines for CO, capture due to their advantageous properties. They have
low vapor pressures, making them less volatile and more environmen-
tally friendly compared to traditional organic solvents. Additionally,
they exhibit reduced toxicity, making them safer for handling and
application. This study aimed to experimentally measure the solubility
of CO; in the DES (1 NaCl + 16 ethylene glycol) across four isotherms:
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O Experimental data
= - SRK + vdW with kij=0
L — - =SRK + vdW with kij=constant
===-SRK + vdW with kij=f(T) . o

eseees SRK + WS + NRTL o
3 -
3]
=™
=
= 27
1 F
0
0 0.02 0.04 0.06
X, / mole fraction
Fig. 5. P-x data of CO5 (1) + 1 NaCl + 16 ethylene glycol (2) at T = 323.15 K.
2
1 F
£ ® O
=
2 |- -got OO
> ® e o o
o ¢ o
G ©)
A
-1 F
_2 'l 'l 'l
0 1 2 3 4
P,/ MPa

Fig. 6. Difference between the calculated (SRK + MHV1 + NRTL) and experimental equilibrium pressures vs. experimental equilibrium pressures for all of the

data points.

293.15, 303.15, 313.15, and 323.15 K, with pressures ranging up to
around 3 MPa. The solubility of CO, in this DES was calculated using the
combination of the SRK EoS and three mixing rules: vdW, WS, and the
MHV1. The vdW mixing rule was applied in three cases: with (k;; = 0),
with (kj=k), and with (k;; = k;T+k2). The absence of a binary interaction
parameter in the vdW mixing rule led to inaccurate predictions of

equilibrium pressures, resulting in the (AARD)p% of 76.48 %. This
highlights the critical role of k; in this binary system. Furthermore, the
use of a constant k; ((AARD)p% = 12.75 %) or a temperature-dependent
kij ((AARD)p% = 6.97 %) yielded close results. The application of the WS
(CAARD)p% = 6.66 %) and MHV1 ((AARD)p%=5.61 %) Gexcess models,
combined with the local composition concept, successfully addressed
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Fig. 7. Cross plot of experimental equilibrium pressures vs. the corresponding calculated (SRK + MHV1 + NRTL) values.

Table 6
The computed values of Hy, AG® , AH?

sol? sol”

NacCl + 16 ethylene glycol (2).

and AS? | for the system of CO, (1) in 1

sol

T=29315 T=30315 T=31315 T=32315
K K K K

Hy (MPa) 474.64 550.00 622.37 695.59

AGE (kmol ™) 15.02 15.90 16.75 17.58

A, (lmol 1) <1105 ~10.23 -9.63 -9.17

AsE, (Jmor 'k 1) 8893 ~86.22 -84.24 -82.79

the non-ideality of the liquid phase. Following the phase equilibrium
calculations, H;, AGY,, AH® , and AS?, were computed. An increase in
0

temperature led to higher values of H; and AG_ , indicating a decrease in
the solubility of CO, in DES. Finally, the negative values of
AH?, confirmed that energy is released during the dissolution process,

making it exothermic.
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