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Abstract—Separation of the acid gases and reducing their amount from natural gas is very important in the gas puri-
fication industries. In this study, the solubility of natural gas (a mixture of CO,, H,S, CH,, C,Hg, etc.) was experimen-
tally measured in three different ionic liquids: 1-hexyl-3-methylimidazolium bis(trifluoromethylsulfonyl) imide ([Hmim]
[TE,N]), 1-hexyl-3-methylimidazolium nitrate ([Hmim][NO;]) and 1-butyl-3-methylimidazolium acetate ([Bmim][Ac]).
The experimental solubility data was obtained for the temperatures of 298.15K, 318.15K, and 338.15K in pressure
range up to 40 bar. Selectivity of CO,/CH,, CO,/H,S and H,S/CH, in the studied ionic liquids was also reported in this
work. [Bmim][Ac] showed the best performance of absorbing CO, and H,S compared to other ionic liquids. However,
[Hmim][TE,N] showed higher selectivity for CO, over CH, in comparison with [Hmim][NO;] and [Bmim][Ac]. Finally,
the sPC-SAFT equation of state was successfully used to predict the natural gas solubility in ionic liquids. The results
show that the model predictions are consistent with experimental data.
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INTRODUCTION

A typical gas treating process involves the reduction of the acid
gas content (CO,, H,S), along with other sulfur species, to a spe-
cific level to meet the standards or allow additional processing in
the gas plant without corrosion or other known problems. Acidic
gases, including CO, and H,S, can lead to severe problems, such
as toxicity, equipment corrosion, the low heating value of natural
gas, and hydrate formation during natural gas liquefaction process
[1,2]. Alkanolamines are the main commercial solvents widely used
for CO, and H,S removal in natural gas processing due to their
high absorption capacity. However, these solvents have several seri-
ous problems, such as solvent degradation, high volatility; low selec-
tivity toward CO,/H,S, corrosivity and high energy demand for
their regeneration [3-5]. In the last two decades, a new kind of sol-
vent has gained notable consideration, known as ionic liquids (ILs).
IL with an organic cation and organic or inorganic anion, which is
in the molten salt state under 100 °C, is called room temperature
ionic liquid (RTILs). The various cations and anions can be used to
synthesize an IL with specific properties. Appropriate cations and
anions are required to obtain RTIL solvents with specific physical,
chemical, or biological characteristics. Due to negligible vapor pres-
sure, the ILs are considered nonvolatile materials with environmen-
tally friendly behavior [6-10]. ILs can be distinguished from con-
ventional solvents by their characteristic properties and have emerged
as a new dlass of solvents called “green solvents” in difterent engi-
neering applications. Among various applications of ILs, they have
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been used for CO, and H,S capture and they have shown great
potential to overcome many challenges in current technologies as-
sociated with CO, and H,S capture [11-13]. Considering different
methods suggested in the literature, ILs have shown great poten-
tial to overcome these problems due to their negligible volatility,
high thermal stability and non-corrosivity. They can be superior to
the classical solvents due to these characteristic properties [14-18].

Many ILs are introduced and employed for CO, capture in the
literature [16]. Baltus et al. [16] employed imidazolium based ILs
at low CO, partial pressure. They concluded that increasing the
length of alky chain on the imidazolium ring increased the solu-
bility of CO,. Experimental and molecular dynamic simulation of
CO,; solubility in ILs are investigated by Cadena et al. [17]. They
found that the nature of the anion had the dominant effect on the
solubility of CO,. According to their results, ILs with [TE,N]™ ions
had the highest affinity towards CO,. Aki et al. [18] also investi-
gated ILs with different anions and with the same cation. The sol-
ubility of CO, was increased by increasing the fluorine atoms in
anjons. This result contributed to the strong coulombic infractions
that are responsible for liquid organizations and it was proved by
Kumar et al. [11] as well. Kumar et al. [11] showed that the ILs
with Tf,;N—anions had higher solubility for CO, compared to ILs
with PF—anions, which confirms the other researches. Many solu-
bility data on ILs, have been reported in literature [19], but there is
very little data on the selectivity of CO, with other gases, including
CH, ,C,H,, H,S. However, the solubility and selectivity of CO, over
different hydrocarbons species in the real natural gas are scarce [20].
On the other hand, literature regarding the H,S solubility on ILs is
also limited to a few investigations [21].

According to the work conducted on gas solubility in ILs, it was
found that increasing pressure has a positive effect on H,S and CO,
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Table 1. The detailed of materials and gas mixture used in this study

. Chemical . Molecular  Purification
Chemical name formula CAS No. Company Purity weight method
1jHe).(yl—3—methyhm1dazol.1u1.n Slgn?a— >98% Supplier
bis(trifluormethylsulfonyl)imide C,HsFN;O,S, 382150-50-7 Aldrich (HPLC) 447.42 data
[Hmim][TEN] 727954
1-Butyl-3-methylimidazolium acetate Sigma- >96.0% Supplier
: Y CuH,eN,0, 284049-75-8  Aldrich =7 198.26
[Bmim][Ac] HPLC data
30367
1-Hexyl-3-methylimidazolium Nitrate Adas >96.0% Supplier
- -3- . 296.0%
(Hmira][NO, CioHN,0, 203389-26-8 Shimi pLC 229.28 ta
Sabz
Bidboland
. GC Analyzed
Natural gas cylinder (120 bar) - Gas analyzed - by GC
refinery

solubility, while increasing temperature showed an adverse effect
of solubility. Also, it was found that solubility of H,S in pure state
is higher than that of CO, [22]. However, there is no reported data
for the selectivity of these gases on ILs from real mixed gas feed. In
addition, H,S is more soluble in [Emim][Tf,N] IL, and it was con-
cluded that as for CO,, the anion part had more profound effect
on H,S solubility in imidazolium based ILs. It was revealed that in
a [Hoemim] based ILs, H,S is more soluble than CO,; but with
increasing the trifluoro methyl (CF;) groups in the anions, the sol-
ubility increased for both H,S and CO, [21,23,24]. The aforemen-
tioned investigation found that H,S solubility in ILs is physical and
the imidazolium based ILs are the most common ILs employed
for CO, and H,S capture [25,26].

Numerous studies have been conducted for pure CO, (or H,S)
solubility in ILs, but very few literature data are available for selec-
tivity of CO,/CH,, H,S/CH, and CO,/H,S. In addition, the avail-
able data for CO, and H,S capture from real natural gas is very
scant, to our knowledge. On the other hand, application of ILs in
industrial applications requires the behavior of ILs for CO, and H,S
capture from the real gas. This work aimed to investigate the solu-
bility of CH,, H,S and CO, from a real gas sample, in the three ILs
[Hmim][T,N], [Hmim][NOs], and [Bmim][Ac] at temperatures
of 298.15K, 318.15 K and 338.15 K and pressures up to 40 bar. The
capability of these ILs was investigated in terms of solubility and
selectivity for CH,, CO,, and H,S in the gas sweetening process.
Furthermore, sSPC-SAFT EoS was applied to model the measured
solubility of the natural gas in studied ILs.

MATERIAL AND METHODS

1. Materials

The ILs used in present study were: 1-Hexyl-3-methylimidaz-
olium bis(trifluormethylsulfonyl)imide ([Hmim][T;N]) and 1-butyl-
3-methylimidazolium acetate ([Bmim][Ac]) were purchased from
Sigma Aldrich; and 1-Hexyl-3-methylimidazolium Nitrate ([Hmim]
[NO;]) was purchased from Atlas shimi Sabz Co. (Iran). Due to the
impact of water and volatile compounds presence on the perfor-
mance of the ionic liquids, it is necessary to reduce these com-
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pounds concentration to an acceptable level, to ensure that they
cannot affect the IL performance during the process. Therefore, in
this study, the ILs were degassed and dried with stirring at high
temperature (70 °C for 20 h) under vacuum. Then, the water con-
tent of ILs was measured by a Mettler Toledo DL38 Karl Fischer
Titrator. The natural gas used in this study was a real natural gas
mixture provided by Bidboland (Khozestan, Iran) gas refinery. The
gas mixture was analyzed by three different gas chromatograph sys-
tems, and the concentration varied within the +0.1 mol% for three
measurements. The gas mixture included (mol%) methane (86.59%),
ethane (5.83%), propane (2.57%), i-butane (0.45%), n-butane (0.81%),
i-pentane (0.31%), n-pentane (0.32%), i-hexane (0.18%), n-hexane
(0.12%), i-heptane (0.036%), n-heptane (0.03%), H,S (0.025%), N,
(0.21%) and CO, (2.52%). The details of all utilized chemicals and
gas mixture are presented in Table 1 and Fig. 1.

2. Experimental Apparatus and Procedure

The apparatus, built in-house by Shaahmadi et al. [27], was used
for measuring the gas solubility in ILs as schematically shown in
Fig. 2. This apparatus includes two pressure transmitter sensors
(Ps1 and Ps2), a temperature sensor, (T5) and six ball valves (V-
V;, Vs-V,), a needle valve (V,) and a micro valve (Vy), a high-pres-
sure stainless-steel cell, a circulator with temperature control sys-
tem, and a data acquisition device connected to a computer. The
V, was used for connecting the system to a vacuum pump. The
circulator was used to maintain equilibrium cell temperature at
desired value. Ps1 sensor read the gas pressure prior to injection and
Ps2 measured the equilibrium cell pressure. In a typical test, a known
mass of ILs was placed into the equilibrium cell, and then the entire
system was evacuated by a vacuum pump through V.

The cell temperature was set to the desired value by a circula-
tor. Afterwards, V; was opened, and a known amount of gas was
introduced into the equilibrium cell (volume of each section of the
set-up is known). The amount of gas injected into the cell was cal-
culated by Eq. (1).

V(Pi Py
— (- 1
Pl T RT\Z, z) @

where V is volume of the bomb, T is the temperature of the gas and
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(b)
Fig. 1. The structure of ILs studied in this work: (a) [Hmim][T£,N]; (b) [Bmim][Ac]; and (c) [Hmim][NO;].
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Fig. 2. Experimental apparatus for measuring gas solubility in IL used in this work (re-drawn and adapted with permission from Shaah-
madi et al. [27]).
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R is the universal gas constant. P; and P are the initial and final
pressures obtained from the Psl sensor. Z; and Z; are the com-
pressibility factors for the initial and final pressures and tempera-
ture of the bomb, respectively. SPC-SAFT EoS was used to calculate
the compressibility factors in vapor phase. After contacting IL with
natural gas, equilibrium was achieved when the pressure change in
the system became constant over time (P,,,;). The moles of com-
ponents (natural gas components) remaining in the gas phase (1 4.,)
can be obtained by using an appropriate equation of state at P,
T of the cell, and volume of the system from Vi to cell. The moles
of components in the liquid phase n ., were determined by Eq. (2).

1 gas™=Tlggs™ g gas (2

The gas chromatograph (GC) was used for the gas analysis of the
gas phase (n ) to quantify the mole fraction of each component
in the gas phase. Agilent 7098 GC was equipped with an FPD detec-
tor for analysis of H,S, and a TCD detector for analysis of CO,,
and an FID detector for hydrocarbon concentration measurement.
The GC column for FPD was Silica PLOT capillary column 30 mx
0.32 mm, film thickness 4 pum. The channel of FPD detector on
GC for H,S measurement was calibrated for two ranges of low level
and high level. Finally, the solubility of each component (CO,, H,S,
CH,, etc.) was obtained by mass balance for each of them.
3. Thermodynamic Modeling

A simplified perturbed chain-statistical associating fluid theory
(SPC-SAFT) equation of state (EoS) was developed with the idea
of reducing the computational effort of the PC-SAFT model with-
out disturbing the model performance. The sPC-SAFT in the case
of single non-associating compounds is identical to the PC-SAFT,
but when multicomponent mixtures are involved, they are not the
same. In practice, the SPC-SAFT uses a simpler mixing rule where
it assumes that the segment diameters belonging to different mole-
cules are usually the same [28]. SPC-SAFT EoS uses simplified ex-
pressions for the hard-chain term (8") and the radial distribution
function in association term (2°°°).

The Helmholtz energy of a mixture with associating molecules
is described by Eq. (3).

= r% S AR G SR ©)
where ' represents the ideal gas contribution, 3™ is the hard-sphere
chain, 37 is the contribution of dispersion forces and finally; the
4" accounts for the contribution of association. In the sSPC-SAFT,
the ideal gas contribution and dispersion are the same as the origi-
nal PC-SAFT. The difference is in the hard-chain and association
forces. According to sPC-SAFT as mentioned above, we assumed
a single diameter for all segments. This diameter is calculated accord-
ing to Eq. (4) [28],

s em.di\ 3
&, =(25) @
XM

and ¢, calculated by Eq. (5):
&= dZvEpZiximi (5)

5hc

The setting 77=&, the following expression for g* and "™, was derived
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(Egs. (5) and (6)) [28].

1=
hs 2
g"= 6)
a-n’
2
=2 ?
(1-7)
g" is applied in 3" term of Helmholtz free energy as follows:
A
g0 = Zfz‘lxi[ZA‘(lnXA' - XT) + %M} ®)

where X* is the mole fraction of molecules i not bonded at site A,
M, is the number of association sites on each molecule, and %,
represents a sum over all associated sites on each molecule. The
parameter X" is defined as

B, \AB

I ©)
The association strength A*” for sSPC-SAFT EoS is given by

XY= (14N, E 85 p XA

AB
A= gi}s[exp(i—Tj —1}( U?jkA'B/) (10)

The interaction parameter for sSPC-SAFT is the same as the origi-
nal PC-SAFT by Eq. (11).

&;=A/a5(1-k;) ()

where k; is the binary interaction parameter between species in
the mixture. k; can be adjusted using vapor-liquid equilibrium (VLE)
properties of the mixture. In this study, binary interaction parame-
ters were not considered to investigate the predictivity of sSPC-SAFT
EoS (k;=0).

And as for oy, the conventional combining rule is applied by Eq.
(12).

o.+o
o= —— (12)

! 2

The reader is referred to the original sSPC-SAFT for the details of
the model [28].
3-1. Model Parameters

The sSPC-SAFT EoSs parameters for pure ILs were adjusted from
the available experimental density data in the literature. Note that
vapor pressure data for the studied ILs is scarce and excluded from
optimization procedure. The sSPC-SAFT parameters for the natu-
ral gas components were obtained from the literature. The whole
set of the parameters is presented in Table 2. According to available
literature data for studied ILs, only one set of data was considered
for obtaining EoSs parameters through an optimization procedure.
Then, sPC-SAFT EoS was applied to predict the density of ILs for
other literature data. The details of average absolute relative devia-
tion (AARD) of density for the studied ILs are reported in Table 3.
The results show that SPC-SAFT EoS can successfully predict the
density of ILs with very low values of AARD%.

RESULT AND DISCUSSION

Solubility is one of the important parameters in vapor liquid equi-
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Table 2. Pure compound parameters for sPC-SAFT EoS
M T-range o gk K’ %1k AAD%
Compound m (- o(A) Reference
P @mo)  (®) ) ® 0 ®  r
[bmim][Ac] 198.27 298-353 3092836  4.6887  691.16 0.2 3450 - 0.07 This work
[hmim][NO;] 229.28 293-363 2702808 49654 54750  0.02 3450 - 0.06 This work
[hmim][TEN] 44741 293-338 11.4032 3.5043 30667 0.2 3450 - 021 This work
Co, 4401 216-304 2.0729 2.7852 169.21 - - 2.78 2.73 [29]
N, 28.01 63-126 1.2053 3.3130 90.96 - - 0.34 15 [29]
H,S 34.08 187-336 1.6800 3.0250 26.70 - - 014 043 [30]
CH, 16.043 97-300 1.0000 3.7039 150.03 - - 036 067 [29]
CH, 30.07 90-305 1.6069 3.5206 191.42 - - 0.3 0.57 [29]
C.H, 44.096 85-523 2.0020 36184  208.11 - - 129 077 [29]
iC, 58.123 113-407 22616 37574 21653 - - 0.55 1.47 [29]
nC, 58.123 135-573 23316 3.7086  222.88 - - 0.75 1.59 [29]
iC, 72.15 113-460 2.5620 38296  230.75 - - 0.4 1.53 [29]
nC, 72.146 143-469 2.6896 3.7729 2312 - - 145 0.78 [29]
iC, 86.177 119-498 29317 3.8535 23558 - - 0.61 0.59 [29]
nC, 86.177 177-503 3.0576 3.7983  236.77 - - 0.31 0.76 [29]
iC, 100.204 154-530 3.3478 38612 23742 - - 0.74 1.44 [29]
nC, 100.203 182-623 3.4831 3.8049 2384 - - 034 21 [29]
Table 3. The average absolute relative deviations (%AARD) of density for studied ionic liquids
Component T range (K) P range (bar) N, %AARD (p) Ref.
273.13-413.17 1.01-1400 266 045" [31]
312.6-452.3 1-2000 168 0.53" [32]
[Hmim][TE,N] 293.15-338.15 1-650.2 163 021" [33]
298.15-333.15 1-595.9 156 0.14™ [34]
273.15-363.15 1.01325 39 027" [35]
. 293.15-363.15 1.01325 8 0.06" [36]
H NO o
[Hmim][NO;| 293.15-323.15 101325 7 0.08 (37]
311.4-371.3 100-2000 80 146" (38]
[Bmim][Ac] 298.09-353.08 1-250 63 0.07" [39]
283.15-363.15 1.01325 17 0.12" [40]
Total 967

* Included in parameter regression.
** Not included in parameter regression.

libria when investigating CO, and H,S loading of solvent in the
absorption process. CO, and H,S solubility of pure ILs is an im-
portant parameter when one wants to evaluate the hybrid solvents
as well. The in-house apparatus (Fig. 1) was successfully used in
previous work for gas solubilities in ILs [20,27]. The experiments
on solubility measurement of real natural gas compounds in three
ILs, including [Hmim][Tf,N], [Hmim][NO;] and [Bmim][Ac],
were conducted at 298.15K, 318.15K, and 338.15K for the pres-
sure range up to 40 bar. The temperature and pressure range was
selected based on the industrial practices. Uncertainty values for
temperature, pressure and solubility were +0.2 K, +0.002 bar, and
+0.0001, respectively. The solubility of gases in ILs is presented as
mole fraction of the gas in liquid phase (such as x¢,).

Fig. 3 shows the results of CH,, CO, and H,S solubility in stud-

ied ILs at 298.15 K. Although, the mole fraction of CH, is higher
in feed (86.59%) compared to CO, (2.52%). To better compare the
studied ILs for gas solubility of natural gas, the following figures
are presented to show the solubility of each gas (CO,, H,S, and CH,)
separately.

Fig. 4 depicts the CO, solubility in three different pure ILs at
298.15K, 318.15K, and 338.15K. The CO, solubility at different
temperatures for studied ILs is presented in the figure as well to
compare the capability of the solvents. According to Fig. 4, the sol-
ubility of CO, in [Bmim][Ac] was higher than that of [Hmim][T{,N]
and [Hmim][NO,]. Many studies have shown that the effect of
anion part interaction with CO, in ILs has a much stronger effect
on the solubility of CO, [10,17]. Another important parameter
that affects the solubility of CO, in ILs is their relative size in sys-

Korean J. Chem. Eng.(Vol. 40, No. 4)
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Fig. 3. The comparison of CH,, CO, and H,S solubility in studied ILs at T=298.15 K: (a) [Hmim][T£,N]; (b) [Hmim][NO,]; and (c) [Bmim]
[Ac]. Continuous curves are SPC-SAFT EoS prediction results.
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Fig. 4. CO, solubility data for (a) [Hmim][Tf,N], (b) [Hmim][NO;], (c) [Bmim][Ac], (d) IU's comparison at 298.15K, (e) II's comparison at
318.15K and (f) Is comparison at 338.15 K. Continuous curves are SPC-SAFT EoS prediction results (k;=0).

tems that involve the physisorption process, while the interaction
of solvent-solute plays a minor role in the solubility. As for sys-
tems that involve chemisorption, the interaction of solute and the
solvent is the main reason for solubility. In such systems, the type
of interaction between solute-solvent has a dominant effect on the
solubility. It was shown that the solubility of CO, in [Bmim][Ac] is
of chemisorption type. Therefore, in CO,/[Bmim]|[Ac] system, the
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polar interactions are much stronger and are responsible for higher
CO,; solubility compared to two other ILs. On the other hand, the
anionic effect of [TE,N] is stronger than [NO;], because the pres-
ence of fluoroalkyl substituents has a more favorable interaction
with CO,. As temperature increased, the amount of solubility of
CO, for all ILs reduced. It can be seen that increasing temperature
has less effect on solubility of [Bmim][Ac], but its effect on solubil-
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Fig. 5. H,S solubility data for (a) [Hmim][TE,N], (b) [Hmim][NO;], (c) [Bmim][Ac], (d) ICs comparison at 298.15 K, (e) IL's comparison at
318.15K and (f) ILs comparison at 338.15 K. Continuous curves are SPC-SAFT EoS prediction results (k;=0).

ity reduction of [Hmim][Tf,N] is more noticeable than [Hmim]
[NO,]. It can be explained by the fact that chemisorption of [Bmim]
[Ac] is less affected by increasing temperature than physical inter-
actions responsible for the physisorption of CO, in other two ILs.

As can be seen, a maximum mole fraction of about 0.11 CO,
for [Bmim][Ac] was obtained at 298.15K and total pressure of
near 40 bar. The solubility data reported in this work is lower than
that of other related literatures. The reason is that a real natural gas
was used in this work in which the CO, concentration was about
2.52 mole percent. While in other literatures mostly pure CO, gas
was used. Solubility from a gas mixture where the partial pressure
of solute is low; not comparable to that of solute pure gas phase.

The H,S solubility data from real natural gas into the studied
ILs presented in Fig. 5. As shown in Fig. 5, the solubility of H,S
decreased by increasing temperature for all three ILs and increased
by increasing pressure as expected. Comparison of the solubility of
three ILs at different temperatures shows that the [Hmim]NO;]
has lower solubility than [Hmim][Tf,N] and [Bmim][Ac]. The
reduction in solubility of H,S with increased temperature is less
pronounced for [Bmim][Ac]. But its effect on [Hmim][Tf,N] is
more distinct than [Hmim][NO;]. The reason for lower solubility
of H,S in [Hmim][NO;] can be attributed to the lower electroneg-
ativity of anion part of IL.

As for other two ILs, the free electrons on the [TEN] and [Ac]
can interact with H,S molecules. Therefore, increasing its solubility
in corresponding ILs. The higher value of solubility for [Bmim][Ac]

can be attributed to the chemisorption nature of this system. In
addition, this can be the main reason why the effect of increasing
temperature was less pronounced on solubility of this IL. In litera-
ture, it was stated that solubility of H,S is more energetic than CO,
in ILs [41]. However, in this work, small values of H,S solubility
into the ILs were reported due to very small concentration of H,S
in the real natural gas mixture that was used in this study. The ini-
tial concentration of H,S in gas feed mixture was 251 ppm. Despite
very low concentration, its solubility in [Bmim][Ac] is nearly 0.009
mole fraction at temperature of 298.15K and pressure of 40 bar.
The interaction of H,S with [Tf,N] anion is stronger than its inter-
action with CO,. If the concentration of both species was at the
same order of magnitude, it was expected to observe a higher sol-
ubility value for H,S than CO, on [Hmim][TE,N]. However, due to
very much lower concentration (about two orders of magnitude
less than CO,), its solubility is about one order of magnitude lower
than CO,.

The solubility of all hydrocarbons presented in real natural gas
measured and the results were presented in supporting informa-
tion (ST-1). However, for methane the solubility data are shown in
Fig. 6.

As can be seen from the results shown in Fig. 6, the solubility of
CH, is decreased by increasing temperature from 298.15K to
338.15K and increased by increasing pressure as observed for both
CO, and H,S. Comparing the solubility of different ILs at different
temperatures shows that the solubility of methane in [Bmim][Ac]

Korean J. Chem. Eng.(Vol. 40, No. 4)
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Fig. 6. CH, solubility data for (a) [Hmim][Tf,N], (b) [Hmim][NO;], (c) [Bmim][Ac], (d) ILs comparison at 298.15K, (e) ILs comparison at
318.15K and (f) ILs comparison at 338.15 K. Continuous curves are SPC-SAFT EoS prediction results (k;=0).

is much higher than that of [Hmim][NO;] and [Hmim][Tf,N].
On the other hand, the effect of temperature on the solubility reduc-
tion of methane for [Bmim][Ac] is more pronounced than the other
two ILs. It was shown that the longer alkyl chain in ions of IL can
increase the solubility of hydrocarbons. In [Bmim][Ac], the anion
part has one alkyl group, while in [Hmim][TE,N] and [Hmim]
[NO;], the anion part has no alkyl group. It can be argued that the
cation part of [Hmim|[TE,N] and [Hmim][NO;] has a longer alkyl
chain and should have shown higher solubility, but the results of
this work did not confirm that. Based on these results, it can be
concluded that the anion part of ILs plays a stronger role in solu-
bility.

In contrast to solubility data of real gas components including
CH,, CO, and H,§, it can be seen that [Bmim][Ac] has higher sol-
ubility toward CO, considering its mole fraction in real natural gas
sample used in this study. As for H,S, considering its low initial
concentration in the gas phase, its solubility in all three ILs was high.
By comparing these three ILs, it can be concluded that [Bmim]
[Ac] has higher solubility toward different components in real nat-
ural gas. The high solubility for desired species is a good character-
istic for a solvent. But the selectivity is the key parameter in selecting
a candidate solvent for the acid gas absorption process. The sepa-
ration performance of the absorption process could be evaluated
by measuring the selectivity of CO, (or H,S) toward CH, (and
other hydrocarbons). In this work, based on experimental solubil-
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ity data, the selectivity of the H,S, CO, and CH, was calculated by
Eq. (13).
i/ X

Selectivity;;= pias 13)

yj/ X

where i and j denote CO,, H,S and CH, and y; and x; are the vapor
and liquid phase composition of gases obtained from VLE for at a
constant temperature and pressure.

The CO,/CH, selectivity for three ILs at different temperature is
presented in Fig. 8.

As it can be seen, the selectivity value based on experimental
data shows that by increasing pressure the selectivity of CO, to
CH, increased for all ILs. Also, the increasing temperature did not
show a dlear trend for [Hmim][Tf,N] and [Bmim][Ac]. Although,
its trend is decreasing for [Hmim][NO;] but is not significant.
Another noteworthy point in Fig. 7 is that the [Hmim][Tf,N] has
a higher selectivity for CO, over methane in comparison to [Hmim]
[NO;] and [Bmim][Ac]. Despite the higher CO, solubility of [Bmim]
[Ac], its selectivity over methane is lower than that of the other
two ILs.

The H,S/CH, selectivity of ILs is calculated and illustrated in
Fig. 8.

As results are shown in Fig. 8, the selectivity of H,S/CH, does
not show a clear trend for [Hmim][Tf,N], except that by increas-
ing pressure the selectivity of H,S over methane increased. The same
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Fig. 9. H,S/CO, selectivity of three ILs: (a) [Hmim][Tf,N]; (b) [Hmim][NO,]; and (c) [Bmim][Ac].

trends were observed for the other two ILs. Increasing tempera-
ture reduced the selectivity of H,S over CH, for [Bmim]|[Ac]. As
for [Hmim][NOs], increasing temperature from 298.15 to 318.15K
reduced the selectivity, but increasing temperature further to 338.15K
somehow increased selectivity.

The H,S/CO, selectivity of three ILs studied in this work is pre-

H,S/CO, Selectivity

sented in Fig. 9. The effect of pressure on ILs selectivity is not pro-
nounced for [Bmim][Ac]. But at higher pressure the selectivity in-
creased for [Hmim][NO;]. As for temperature, it can be seen that
at higher temperature the selectivity for all three ILs was reduced.
But at 298.15 K and high pressure the selectivity of H,S over CO,
for [Hmim][Tf,N] was higher than that of other two ILs.
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CONCLUSION

The ability of three different ILs was experimentally investigated
for the absorption and separation of acid gases (CO, and H,S) from
a real natural gas. [Hmim][TEN], [Hmim][NO;], [Bmim][Ac] are
used as a potential green solvent for the gas sweetening process.
Different temperatures of 298.15K, 318.15K, and 338.15K and
pressure range up to 40 bar were considered for the measurements.
[Bmim][Ac] showed a higher capacity of absorbing CO, and H,S
compared to other ILs. However, the selectivity values of CO,/
CH,, COy/H,S and H,S/CH, in ILs represented the separation per-
formance of the absorption process. [Hmim][Tf,N] showed higher
selectivity for CO, (or H,S) over CH, in comparison with [Hmim]
[NO;] and [Bmim][Ac]. It can be concluded that [Hmim][TLN]
can be a desirable solvent for the gas sweetening process for natu-
ral gas compared to other studied ILs. Finally, the sSPC-SAFT equa-
tion of state showed a good agreement with experimental data for
gas solubility of natural gas in ILs.
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