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ABSTRACT: Natural gas remains an important global source of
energy. Usually, sour gas from the well or refinery stream contains
H,S among other contaminants that should be removed to fulfill
permissible standards of use. Despite the use of different gas—
liquid sour gas upgrading technologies, ionic liquids (ILs) have
been recognized as promising materials to remove H,S from sour
gas. However, data concerned with thermodynamic solution
functions of H,S in ILs have scarcely been reported in the
literature. In this work, solution 'H NMR spectroscopy was
employed for quantifying H,S soluble in [BMIM][CI] and for
gaining a better understanding of the H,S—IL interaction.
Experiments were carried out in a Young-Tap NMR tube
containing a saturated solution of H,S/CH,/[BMIM][CIl] and

H,S sorption-desorption in [BMIM][CI]
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recording spectra from 298 to 333 K. The thermodynamic solution functions, determined from the Van’t Hoff equation, showed that
solubility of the H,S in the [BMIM][CI] is an exothermic gas—liquid physisorption process (A, ;H® = —66.13 kJmol™) with a
negative entropy change (A;S° = —168.19 JK™' mol™). 'H NMR spectra of the H,S/[BMIM][CI] solution show a feature of
strong solute—solvent interactions. However, solubility enthalpy is a fifth of the H—S bond energy value. Results from '"H NMR

spectroscopy also agree with those from the bench dynamic experiments.

1. INTRODUCTION

Hydrogen sulfide present in natural and refinery sour gas
streams must be removed to avoid critical damage to the
industrial platform, due to their high corrosivity, and to fulfill
standard requirements of safety and environment.' > Chemical
absorption in amine solutions is the most widespread industrial
process used for the removal of CO, and H,S from sour gas. In
the gas—liquid absorption process, sour gases are contacted
with an amine solution to achieve a selective and intensive
mass transfer of the CO, and/or H,S, contained in the natural
gas, to the inflow liquid. As the amine solution saturates with
acid gas, it is regenerated by taking off the H,S or CO, in a
second and parallel process.”> Amine solution is further
continually reused. The gas absorption step requires low
temperature and high pressure, while the desorption step
requires high temperature and low pressure. Usually, an amine
solution of monoethanolamine (MEA), diethanolamine
(DEA), diisopropylamine, methyldiethanolamine, or a mixture
of them is employed.”™”

Although the amine technology is effective for sour gas
sweetening, the chemical nature of the amine used as a sorbent
accounts for several disadvantages. First, the lower the
chemical stability, the amines undergo chemical degradation
to form corrosive byproducts. Second, their high volatility
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results in an important loss of mass of amine during the
regeneration step, which is carried out at a high temperature,
and contacting sour gas with the amine solution results in the
transfer of water into the sweet-gas stream. Nevertheless, this
technology is energy cost-extensive due to the amines are not
regenerated under mild conditions.””*’

Since ionic liquids (ILs) were proposed as an eco-friendly
alternative solvent for many industrial processes used in
sweetening technology of sour-natural gas,'’”"’ they have
raised a lot of expectations due to their exceptional
characteristics of no volatility, negligible vapor pressure, and
high chemical, and thermal stability. Furthermore, all the
physicochemical properties are tuned by a judicious combina-
tion of cations and anions.

To design sour gas sweetening processes based on the IL,
knowledge of apparent solution standard enthalpy, entropy,
and Gibbs free energy (A H°, AyS° and A ;G°) and of acid
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gases in the selected liquids is required. These parameters may
be readily estimated from solubility data at different temper-
atures using the Van’t Hoff equation.'

Usually, experimental approaches for determining the
solubility of H,S in different liquids are based on gravimetric,
electrochemical, semiconducting, thermal, spectroscopic, and
optical sensors. Nevertheless, '"H NMR spectroscopy has been
used for qualitative and quantitative analysis of H,S in ILs. For
instance, 'H NMR has been recognized as a useful and
nonambiguous tool for (i) quantifying sulfide e-trapping
efficiency of 1,3,5-tris(2-hydroxyethyl)-1,3,5-triazinane,'® (i)
demonstrating the mechanistic aspect of the capture of H,S gas
in an organic superbase, DBU, through ionic solid formation
(the formation of salt was also confirmed by '*C NMR
analysis),'" and (iii) monitoring the formation of TrtSH from
the reaction between TrtSSH and different nucleophiles,'”
among others.

While solubility and diffusivity of H,S have been widely
studied usin$ different experimental and theoretical ap-
proaches,'* ™" to the best of our knowledge, scarcely data
for solution thermodynamic parameters in ILs have been
reported. In this work, we estimate the solution thermody-
namic parameter of H,S of a CH,/H,S gas mixture in
[BMIM][CI], using 'H NMR spectroscopy solution techni-
ques. To achieve that, in situ experiments at different
temperatures were designed to determine solubility under a
quasi-dynamic condition inside the NMR tube. Nevertheless,
as the industrial removal of H,S from sour gas is carried out
under dynamic conditions, we evaluate the dynamic selective
H,S uptake in ILs using their characteristic breakthrough
curve.

2. METHODS

2.1. General Considerations. All manipulations were
carried out under an anaerobic atmosphere of nitrogen using
standard Schlenk and cannula techniques. The reagents and
solvents were purchased from Aldrich, Merck, Acros Organics,
Sigma, and Fluka and used as received. Solvents were refluxed
over an appropriate drying agent, distilled, and degassed before
use.

For H,S sorption on ILs experiments, a gas mixture of H,S/
CH, (Praxair, 0.1% and 5.0% v/v) and carrier gases for
desorption (Praxair, Ar 99.999% and O, 99.999%) were
employed.

2.2. Analytical Details. The 'H and *C NMR spectra of
organic compounds were recorded on a Bruker AVANCE-500
operating at 500 and 125 MHz, respectively, or on an
AVANCE-300 spectrometer, operating at 300 and 75 MHz,
respectively, at 298 K using CDCl; (Sigma) or D,O (Aldrich)
as solvent. Chemical shifts are reported as § (ppm) relative to
the 'H and "*C residues of the deuterated solvents.

2.3. Synthesis of IL. The ILs were synthesized by slight
modifications of a literature procedure,” as follows.

2.3.1. Synthesis of [BMIM][CI], 1. 1-methylimidazole (51.75
g; 0.63 mol) and 1-chlorobutane (70.02 g; 0.76 mol) in 20 mL
of toluene were stirred at reflux for 42 h. After the removal of
the volatile components, 1 was isolated as a pale-yellow viscous
liquid at room temperature. Yield 120.21 g (91%). IR (KB,
cm™'): (C—H) 2868; (C=C) 1632; (C=N) 1572; (C-C)
1169. '"H NMR (CDCL): 5 0.88 (3H, t, CH,), 1.28 (2H, m,
CH,CH,CH,;), 1.84 (2H, m, CH,CH,CH,), 3.94 (3H, s,
AINCH,), 423 (2H, t, NCH,), 7.51 (2H, dd, NCHCHN),
8.86 (1H, s, NCHN). *C NMR (CDCl,): 6 13.07 (CH,CH,);
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19.03 (NCH,); 31.57 (CH,CH,CH,); 36.13 (CH,CH,CH,);
49.49 (NCH,); 122.54 (NCHCHN); 123.80 (NCHCHN);
136.06 (NCHN).

2.3.2. Synthesis of [BMIM][Br], 2. This compound was
synthesized by a procedure analogous to that described for 1
using 1-methylimidazole (11.0S g; 0.63 mol) and 1-
bromobutane (62.14 g; 0.45 mol). Yield 91.01 g (92%). IR
(KBr, em™): (C—H) 2961; (C=C) 1632; (C=N) 1572;
(C—C) 1169. 'H NMR (D,0): 5 0.86 (3H, t, CH,), 1.26 (2H,
m, CH,CH,CH,), 1.79 (2H, m, CH,CH,CH,), 3.84 (3H, s,
ArNCH,), 4.14 (2H, t, NCH,), 7.43 (2H, dd, NCHCHN),
8.66 (1H, s, NCHN). *C NMR (D,0): § 12.77 (CH,CH,);
18.86 (NCH,); 31.36 (CH,CH,CHj,); 35.83 (CH,CH,CH,);
4941 (NCH,); 122.60 (NCHCHN); 123.60 (NCHCHN);
135.91 (NCHN).

2.3.3. Synthesis of [BPy][Cl], 3. This compound was
synthesized by a procedure analogous to that described for 1
using pyridine (17.26 g; 0.22 mol) and 1-chlorobutane (30.33
g 0.33 mol). Yield 50.00 g (91%). IR (KBr, cm™): (C—H)
2961; (C=C) 1639; (C=N) 1484; (C—C) 1173. 'H NMR
(D,0): 5 0.85 (3H, t, CH3), 1.26 (2H, m, CH,CH,CHS,), 1.93
(2H, m, CH,CH,CH,), 457 (2H, t, NCH,), 8.02 (2H,
t,CHCHN), 8.49 (1H, t, CHCHCHN), 8.81 (2H, d,
CHNCH). “C NMR (D,0): § 12.94 (CH,CH,); 18.87
(CH,CH,CH,); 31.71 (CH,CH,CHS,); 61.83 (NCH, ); 128.40
(CHCHN); 144.34 (CHCHCHN); 145.66 (CHNCH).

2.3.4. Synthesis of [BPyi[Br], 4. This compound was
synthesized by a procedure analogous to that described for 1
using pyridine (9.08 g; 0.16 mol) and 1-bromobutane (23.68
g; 0.17 mol) in toluene (15.00 mL). Yield 33.45 g (91%). IR
(KBr cm™): (C—H) 2961; (C=C) 1639; (C=N) 1484; (C—
C) 1173. 'H NMR (D,0): § 0.92 (3H, t, CH,), 1.35 (2H, m,
CH,CH,CH,), 2.02 (2H, m, CH,CH,CH,), 4.69 (2H, t,
NCH,), 8.15 (2H, t, CHCHN), 8.62 (1H, t, CHCHCHN),
8.97 (2H, d, CHNCH). *C NMR (D,0): § 13.33 (CH,CH,);
19.09 (CH,CH,CH,); 32.94 (CH,CH,CH,); 61.94 (NCH,);
128.63 (CHCHN); 144.54 (CHCHCHN); 145.87
(CHNCH).

2.4. 'H NMR Experiments at Different Temperatures.
H,S solubility was determined by NMR spectroscopy experi-
ments. A sample of IL was added to a Young-Tap NMR tube
containing a sealed glass capillary with D,0O. Air was evacuated
under vacuum and, subsequently, the IL was exposed to a gas
mixture of H,S/CH, 5% v/v to saturate the internal
atmosphere of the NMR tube. The mixture of the acid gas
flowed at a rate of 30 mL/min for 1 h at 298 K. After that the
Young-Tap NMR tube was hermetically sealed and '"H NMR
spectra were recorded at different temperatures from 298 to
333 K, at intervals of S K. Before taking each spectrum at a
fixed temperature, the system was allowed to reach equilibrium
by keeping it under isothermal condition for a long resting
period. Experiments were carried out by quintupled to get a
statistical average of the integration value. The mole fraction of
H,S in IL was determined by comparing the relative intensities
of the H,S proton signal and the more acidic proton signal of
the imidazolium ring in the same 'H NMR spectrum
(Supporting Information, S1). The chemical shifts are reported
as 5 (in ppm) relative to the 'H residues of the HOD. The
temperature-dependent chemical shift of the residual solvent
peak (HOD) was corrected as stated by Gottlieb et al. and
Hoffman™*~** according to eq 1:

8§ =5.051 — 0.0111T (1)

https://doi.org/10.1021/acsomega.3c07594
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Figure 1. '"H NMR at 500 MHz of [BMIM][CI] after H,S saturation at 298 K (* = D,O signal).

2.5. Dynamic H,S Experiments. Dynamic H,S sorption
experiments were carried out to evaluate the capacity of ILs for
H,S removal. Approximately 0.5 g of IL was added to the
bottom of a suitable trap-like glass reactor. A gas mixture of
H,S/CH, with an acid concentration of 0.1% v/v was bubbled
into the bottom of the liquid bed at a flow rate of 30.0 mL/
min. The outlet concentration of H,S was monitored online
using an Interscan LD-17 detector. Experiments were
performed until the outlet H,S concentration equaled the
starting inlet concentration. However, dilution of the outlet
acid gas with air was done to extend the detector’s lifetime. All
experiments were kept under an isothermal condition of 298 K.

The breakthrough capacity (mg-H,S/g-IL) was calculated

by eq 2°%:
X (Cots - /O C(t)dt) .

Equation 2 is readily solved by integrating the corresponding
breakthrough curve obtained by plotting the outlet H,S
concentration vs time, and using the following set of variables:
BC is the breakthrough capacity expressed in mg/g; Q is the
total inlet flow rate (m’/s); w is the weight of the IL
introduced into the column (g); MW is the molecular weight
of H,S (34.0 mg/mmol); Vy, is the molar volume of H,S (22.4
mL/mmol); C, is the inlet gas H,S concentration (ppmv);
C(t) is the gas outlet concentration (ppmv); dt is the
saturation-exhaustion time (s).

Further details of the BC calculation are given in the
Supporting Information (S2).

2.6. H,S Desorption Experiment. The H,S-contained IL
was bubbled with a streaming gas (Ar or O,) at a flow of 30.0
mL/min at room temperature (298 K) for 10 min. The outlet
gas mixture was permanently online monitored. When no
further H,S was detected, the sorption experiments were
repeated under the same experimental conditions until no
detectable difference in H,S removal within consecutive runs
was observed.

QMW

wVy

BC =

3. RESULTS AND DISCUSSION

The ILs 1—4 were pregared by a procedure previously
reported in the literature. 2 Analytically pure products were
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typically obtained in high yield (>90%). All compounds were
characterized by microanalysis and IR, 'H, and *C {'"H} NMR
spectroscopy. In all cases, elemental analyses were consistent
with the proposed formulation. The IR spectra of 1—4
possessed characteristic bands of the expected functional
groups, whereas the "H and *C {'H} NMR spectra of 1—4 are
consistent with the expected structures.

The 'H NMR spectrum for the saturated H,S-[BMIM][CI]
solution showed the expected resonances for protons on the
cation, with three sets of aromatic resonances rather than a
significant shift in comparison to the pure IL (Figure 1).
Solubilization of H,S in [BMIM][CI] results in a high-
frequency shift (downfield) of about 1.0 ppm for resonances of
the imidazolium methylene protons (—NCH,=CH,N-).
Contrarily, the resonance of the most acidic proton
(-NCHN-) is shifted to low frequency (high field) for
about 0.3 ppm. For all resonances, loss of the splitting pattern
is observed (Supporting Information, S3).

In addition, a signal assigned to the protons of H,S dissolved
in the [BMIM][CI] appears as a broad singlet at high
frequency (8 15 ppm), likely from an N---H-SH intermolecular
bond formation. It is known that the chemical shift of N—H
protons can occur virtually anywhere in 'H NMR spectra
because the 0y value depends on various factors such as the
chemical environment of the proton in the molecular structure,
solvent nature, temperature, acidity, and hydrogen intra- or
intermolecular bonding. Protons interacting with nitrogen
atoms may be exchangeable resulting in broad peaks. Further
evidence for the assignment of the N--H-SH resonance and
neglecting the possible CH, interactions with the IL is
obtained from the HMBC (heteronuclear multiple bond
coherence) experiment where no cross-peaks in the downfield
region of the spectrum were observed (Supporting Informa-
tion, S4).

The chemical shifts for protons of H,-S,, species in common
organic and inorganic solvents are observed at very low
frequency, below & 1 ppm.”” However, a significant shift to
higher frequency has been reported for H—S species in
[N,,,4][DMG], with the resonance of the proton on the N--
H-S bond occurring at & 6.85 ppm.”® Other NMR
experiments have been carried out and reported elsewhere to

https://doi.org/10.1021/acsomega.3c07594
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determine the solubility of H,S in different ILs. As the H,S is
in contact with the IL-containing deuterated solvents, it is not
clear whether the H,S is reacting with the mixture of the IL
and the deuterated solvent, the solvent, or the IL alone. To
overcome the possible interference of the solvent in this work,
experiments were carried out by isolating the deuterated
solvent into a closed glass capillary inset to the NMR tube.

The temperature dependence of N---H-SH proton estimated
as the AONH/AT value indicates the efficacy of intermolecular
hydrogen bonding. The nonhydrogen bonded N---H protons
generally show a small temperature dependence of less than 3.0
ppb/K.zg"?’0 The value of AONH/AT found in this work for
N---H-SH was 11.2 ppb/K which is much higher than 3.0 ppb/
K, indicating a strong intermolecular hydrogen bonding
between the acidic gas and the IL (Supporting Information,
S5).

The solubility of H,S in the IL is also highly dependent on
temperature. Figure 2 shows the variation of signal intensities

==

- e—— T

1
14.50

T/K

298
303
308
313
318
323
328
333

ppm 16.00 15.50 15.00

Figure 2. '"H NMR spectra (500 MHz; D,0) in the low-frequency
region of [BMIM][CI] after H,S saturation at different temperatures
(298—333 K).

corresponding to the N---H-SH, due to the H,S dissolved in
[BMIM][CI], as a function of temperature. It is noteworthy
that this signal decreases with increasing temperature,

indicating a lower amount of H,S dissolved in the IL at a
higher temperature due to lower solubility.

To estimate the magnitude of the IL and the acid gas
interaction, the level of order that takes place in the liquid/gas
mixture and whether the process occurs spontaneously during
H,S dissolution in the IL, the solution standard enthalpy
(A, H°), the solution standard entropy (A,;S°), and the
solution standard Gibbs energy (A,,G°) were calculated by
using the classical thermodynamic Van’t Hoff's approach
described in eqs 3—S5, respectively.”' ~’

dlnXHZS 3 A H®
(-2 F
b (3)
A S = (AgH® — Ay G)
T (4)
A, G° = — RT,,, X Intercep (s)

where, R is the universal gas constant; T is the temperature;
Ty is the mean harmonic temperature (the use of the mean
harmonic temperature in eqs 3—5 is advantageous for
enthalpy—entropy compensation and separates the chemical
from statistical effects).

A typical Van’t Hoff plot of the H,S solubility in
[BMIM][CI], from 298 to 333 K is displayed in Figure 3. As
can be seen, the expected curve shows a straight line with a
slight deviation of the linearity at higher temperatures and an
acceptable determination coefficient value of 0.954.

The curve is best described by eq 6:

In Xy, = 7957(T7" = T;)) — 5.02 (6)

From the slope, A, H® was readily estimated according to eq
3.

Values of the Gibbs energy, enthalpy, and entropy of the
acid gas dissolution process in the IL are collected in Table 1.
The values of relative contributions of the thermodynamic
parameter to solution processes {y and (g are also reported.
As can be seen, H,S dissolution in [BMIM][CI] is a
spontaneous process (A, G°< 0). The enthalpy and entropy
contributions to the gas dissolution are slightly different, with

0
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b
o~
=
= 5
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-8 T T T T T T T T ]
< < < LN o n < < < <
Q Q@ Q C.’ 2 Q < Q@ Q <
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Figure 3. Van’t Hoff plot for H,S solubility in [BMIM][CI].
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Table 1. Apparent Thermodynamic Solution Functions of
H,S/CH, in [BMIM][CI]

A (IJmol ™) AyG® (mol™)  AyS® UK mol™)  &y*  fns”
—66.15 —13.14 —168.19 0.55 0.45
ar = IAHC| bC _ ITAS!
H ™ JAH+1TASY TS ™ |AHY +1TASY”

enthalpy just overcoming the entropy loss ({y = 55% and {y =
45%). AH® is exothermic (A H® < 0), which explains the
decreasing solubility of H,S in [BMIM][Cl] with increasing
temperature.

The gas solubility enthalpy indicates an exothermic gas—
liquid physisorption, where no formal chemical bond between
[BMIM][CI] and H,S is generated. The negative enthalpy
value may arise from cavity formation and the strong solute—
solvent interactions, as revealed by the 'H NMR spectral
evidence. Because of the strong N---H-SH association, the local
entropy diminishes due to the partial immobilization of the gas
into the ionic solvent.

The magnitude of the enthalpy amounts to a fifth of the H—
S bond energy, which means there is no possible H—S bond
activation during the gas sorption process mediated by the IL.

Values of the in-solution thermodynamic functions are close
to those found for the highly efficient absorbents for H,S
absorption based on multiple Lewis base functionalized protic
ILs (MLB-PILs) solutions of [ TMDAPH][Ac], [PMDPTAH]-
[Ac], and [TDMAPAH][Ac]."

Following the fact of the spontaneous H,S sorption on
[BMIM][CI] and its readily thermal desorption, we step
forward to investigate the H,S breakthrough capacity of four
different ILs under bench dynamic conditions. Data from
experiments of dynamic sorption capacity expressed as the
mass fraction of H,S retained in the liquid phase are useful to
set parameters for the scale-up process when a dimensional
approach is used.

The H,S dynamic sorption profiles as a function of time are
shown in Figure 4. For all the ILs, the breakthrough curves
presented a typical S-shape line. Initially, the IL retains
selectively the H,S from the gas mixture and the evolved gas
resulting in a steady zone of the curve near zero. As the gas
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Figure 4. Breakthrough curves of H,S intake for different ILs at 298
K.
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mixture is bubbling out into the liquid phase, a homogeneous
mass transfer zone is established, resulting in an efficient H,S
retainer liquid bed. A breaking point, the breakthrough, is
reached when a fast change in the slope occurs. After that, the
curve sharply increases to a saturation level where the H,S
outlet concentration equals the inlet concentration (Cyyps) at
the equilibration time, the time at which the entire bed is in
equilibrium with the feed.

The difference between breakthrough and equilibration
times depends on the mass transfer rate. In Figure 4, it can be
seen that [BMIM][CIl] has a higher mass transfer rate. The
breakthrough curve is almost a vertical line. Meanwhile, the
curves for [BPy][Cl] and [BPy][Br] show intermediate mass
transfer rates between those of [BMIM][CI] and [BMIM][Br].
In this case, the increase in H,S concentration in the effluent
after the initial breakthrough is steeper because the ILs are
performed more efficiently than [BMIM][CI].

On the other hand, the breakthrough curve for [BMIM][Br]
approaches a symmetrical S-shape, which would be the ideal
case for the sorption process, with a flat mass transfer front.
These features resulted in the most efficient system for H,S
removal.

The saturation time increases in the order [BMIM][CI] <
[BPy][Cl] = [BPy][Br] < [BMIM][Br] with breakthrough
capacity ranging between 0.16 and 0.38 mg/g.

Ideally, for an upscaling industrial process, a system that
generates a breakthrough curve with a symmetrical S-shape
with a flat mass transfer front is desirable. The breakthrough
time for this ideal process, which occurs at the midpoint of the
real S-shaped breakthrough curve, is known as the stoichio-
metric time. Its variables allow us to determine practical and
operational parameters for an industrial process.

The difference in the IL breakthrough capacity is rather
interesting. For ILs based on BPy, the effect of the anion on
the sorption capacity is not apparent, whereas in those based
on BMIM, anions seem to determine largely their sorption
capacity. These results seem more likely due to the effect of
cation—anion association in each case, which would determine
the H,S—solvent interaction.

The enthalpy value of the solution process suggests that
[BMIM][Br] can be efficiently regenerated at a low-energy
cost (atmospheric pressure and room temperature) to be
further reused for the same purpose. The recyclability of ILs
was studied by using consecutive H,S sorption—desorption
cycles. While sorption experiments consist of bubbling the
H,S/CH, gas mixture into the IL until saturation, desorption
consists of bubbling air or Argon into the liquid for some time
at 298 K, usually for 10 min. Figure 5 resumes the efficiency
(%) and total removed H,S vs cycle. From Figure S, it is clear
that [BMIM][Br] could be reused 10 times before losing less
than 9% of its H,S removal efficiency at a rate of less than 1.0%
per cycle. From the linear decay tendency of the H,S removal
efficiency, the mass of H,S removed witting cycles of
sorption—desorption until reaching 50% of ILs efficiency,
amounts to 16.20 mg/g, which is equivalent to a loading or
solubility of 0.11 mol/mol at 298 K and 1.0 bar.

Although the total H,S removal capacity of [BMIM][Br] is
in the range for alkanol amine and a mixture of the alkanol
amine solutions technology (0.1-1.0 mol/mol),38 it is rather
lower for the task-specific IL for acid gas absorption. For
instance, [N,,,4],[maleate] has shown an H,S solubility of
1.43 mol/mol.”* However, a direct comparison of recyclability
with literature values is rather difficult due to the different
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Figure S. H,S removal efficiency with [BMIM][Br] in consecutive
cycles of sorption—desorption experiments.

experimental settings and approaches used. Given the fact that
[BMIM][Br] should be considered as a physical absorbent, it
is unlikely to replace alkanolamines for acid gas removal.

4. CONCLUSIONS

In this work, 'H NMR spectroscopy was employed to
determine the solubility of H,S in [BMIM][CI] at different
temperatures. Experiments were carefully carried out to
eliminate the possibility of H,S—deuterated solvent inter-
actions. From the results, the thermodynamic solution
parameters of H,S in [BMIM][Cl] were estimated. The
results indicated that the solubility of H,S in [BMIM][CI] is
an exothermic gas—liquid physisorption with an enthalpy value
of —66.15 KJ mol™". "H NMR spectra of the H,S dissolved in
[BMIM][CI] showed a large chemical shift to low frequencies
of the H—S signal, which is in good concordance with the
negative enthalpy value. These results indicate strong solute—
solvent interactions most probably as a result of a strong S—H
association with the ILs anion. Partial immobilization of the
H,S molecules into the ionic solvent is also attributed to lower
local entropy. Although strong interaction between H,S and
the IL is evident from 'H NMR experiments, no H-S bond
activation is achieved since the magnitude of the enthalpy is
significantly lower than the H—S bond energy.

Results from dynamic experiments using representative
operating conditions of sour gas “sweetening” are in great
agreement with NMR results. Solubility seems to be
conditioned by the nature of the anion. Regenerability of the
IL is readily afforded by bubbling it with a stream inert gas at
298 K. After S0 cycles of gas sorption—desorption into
[BMIM][Br], it is removed up to 16.20 mg/g. Since ILs
advantage amine solution technology in their low volatility and
chemical stability, ILs remain a promising alternative in
upgrading sour gas.

Although the dynamic approach is rather useful in
determining the amount of H,S retained in the IL bed on a
realistic experimental setting results demonstrate that 'H NMR
experiments are precise, exact, robust, and useful for both the
quantitative determination of the dissolved acid gas in the IL as
for gaining a better understanding of the interaction between
H,S and IL.
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