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ABSTRACT: Acid gas absorption by ionic liquids (ILs) has arisen as a IL-based blends for H.S capture
promising alternative technique for biogas or natural gas upgrading. In the

present work, IL-based blends are evaluated for potential thermodynamic/
kinetic synergistic effects on hydrogen sulfide (H,S) capture through Absorption Mass transport
physical and/or chemical absorption. First, a molecular simulation analysis capacity N properties

by means of COSMO-RS was used to select IL-based blends with enhanced :

H,S absorbent thermodynamic properties. Physical absorption parameters H, supiurs

of reference (KHenry) for H,S in several IL-based blends were calculated at
298 K, involving both IL mixtures and conventional industrial absorbents (tetraglyme (TGM)) with ILs at different compositions. A
Henry’s constant deviation parameter (AHE:L) was employed to analyze the nonideal effects of the mixture on H,S gas solubility in

IL-based blends. In addition, the viscosities and diftusivities of the IL-based blends were estimated as key parameters controlling H,S
diffusion and absorbent uptake rates. From this analysis, a sample of IL-based blends with promising thermodynamic and kinetic
properties was selected for H,S physical absorption. A process simulation analysis using the COSMO-based/Aspen Plus
methodology was then carried out and the selected absorbents were evaluated by modeling H,S capture in an industrial-scale
commercial packed column. One IL, 1-butyl-3-methylimidazoium acetate ([Bmim][OAc]), presenting high H,S chemical
absorption and a low viscous industrial solvent (TGM) were also included. The strong kinetic control of H,S capture by physical
absorption indicated the limited potential performance of IL-based blends or neat ILs in industrial equipment. In contrast, the
COSMO/Aspen analysis revealed that adequate formulations based on [Bmim][OAc] and TGM present enhanced H,S absorbent
properties compared to the neat compounds. These computational results may be used to guide future experimental research to
design new H,S absorbents, reducing the highly demanding experimental input.

KEYWORDS: H,S capture, COSMO-RS, ionic liquid-based blends, absorption, aspen plus

H INTRODUCTION natural gas.m’ll However, there are also difficulties in the
commercial use of these alkanolamine solutions such as the
high heat (ie., energy) requirement to release H,S from the
solvent, loss of alkanolamine due to its high volatility, transfer
of water into the gas stream during the desorption step, and
alkanolamine degradation to form corrosive compounds.
These drawbacks make this treatment economically unat-
tractive.'>~"* Alternatively, H,S physical absorbents present an
important advantage of easier regeneration at lower temper-
atures compared to chemical absorbents. Some physical
absorbents such as methanol, morpholine, and tetraglyme
(TGM) are used in commercial products such as Selexol,
Rectisol, and Morphysorb.”> However, the relatively high
volatility of these compounds necessitates the search for new
H,S absorbents that can overcome the associated drawbacks.

Hydrogen sulfide (H,S) is a very toxic and corrosive
compound appearing in industrial gas and oil process
streams.”” H,S is heavier than air and therefore tends to
linger in poorly ventilated and low-lying areas.” It causes
irritation and reacts with water to produce a corrosive acid,’
one of the root causes of acid rain (after oxidizing to SO,)."*
Therefore, total H,S removal from these streams is essential
not only for safe transport but also for downstream utilization.
Moreover, H,S elimination improves the calorific value of the
natural gas,” so solutions for better H,S removal are constantly
being investigated by the scientific community.

One approach is to employ adsorption operations, usin%
adsorbents such as activated carbon, silica, or zeolites.”
Highly porous materials such as zeolites have demonstrated
high efficiency and high H,S selectivity and stability even at

elevated temperatures.” Nevertheless, the main drawback of Received:  September 30, 2020 Sustafable
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this technolo is the high energy requirement of the
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regeneration stage that limits its practical application.’
Chemical absorbents such as aqueous solutions of alkanol-
amines or binary mixtures of monoethanolamine and
diethanolamine are used in industries to eliminate H,S from
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For this reason, ionic liquids (ILs) have been proposed to
replace these traditional solvents due to their excellent
properties for gas separation applications'® including a high
and tunable solvent capacity, low corrosivity, nonvolatility, low
flammability, and relatively high thermal and chemical
stability.'®'” Moreover, the possibility of tuning the cation
and/or the anion for specific applications has led to ILs being
described as “designer solvents.” ® The use of ILs to physically
absorb H,S has gained the interest of the scientific community
in recent years, concluding that strong hydrogen bonding
interactions between the IL anion and H,S dominate over
cation effects.'”™*® A wide variety of studies has used
COSMO-RS to select ILs with high solubility of H,S,
minimizing expensive and time-consuming experimental
tests.””™>> However, one of the common drawbacks of ILs
with high H,S solubility is their high viscosity, which leads to
mass transfer limitations during absorption operations.***
Less studied but thermodynamically much more attractive are
ILs that chemically absorb H,S. It was reported that ILs
containing carboxylate groups are a class with excellent affinity
toward H,S because of their Lewis base features.’’ ™’
However, their higher viscosities make them difficult to be
applied at a larger scale.

In recent years, we have followed a multiscale research
strategy using the COSMO-based/Aspen methodology, linking
both molecular and process simulations to design novel gas
absorption processes based on ILs.****™*® We have success-
fully demonstrated that mixing two ILs with positive deviations
from ideality leads to absorbents with enhanced thermody-
namics for CO, physical absorption.”” In addition, recently, we
demonstrated that it is possible to choose IL mixtures with
low-viscosity organic solvents (such as TGM) to reduce the
energy and solvent costs involved in CO, chemical
absorption.”® Based on these previous findings, the objective
of this work is to use COSMO-RS and COSMO-based/Aspen
computational tools to assess the performance of IL-based
blends for H,S capture. Our starting point was the formulation
of new IL—IL mixtures with enhanced H,S absorbent
properties based on previous findings of IL-based blends
with improved CO, absorption thermodynamics*’ and
kinetics.”’ An initial thermodynamic COSMO-RS study was
carried out to find the synergic effects on nonideal perform-
ance of IL-based blends to improve the target H,S absorbent
properties (Henry’s constant) with respect to the neat ILs. The
thermodynamic behavior for H,S absorption of the selected
IL-based blends was compared to their diffusion coefficients, a
key kinetic parameter. Subsequently, the IL-based blends’
performance was assessed at the process scale, evaluating the
H,S physical absorption in a commercial packed column using
the COSMO-based/Aspen methodology. The process simu-
lation analysis with IL-based blends also involved an IL with
chemical absorption by H,S, 1-butyl-3-methylimidazolium
acetate ([Bmim][OAc]), and an organic cosolvent (TGM)
with low viscosity, with the aim of improving both absorption
thermodynamics and kinetics in the selection of the most
viable IL-based blend as a H,S absorbent. The main aim of this
computational analysis was to find new IL-based formulations
with enhanced H,S absorbent properties. In the future,
equipment design, operating conditions, and process config-
urations could be improved to support the economic and

technical viability of the proposed separation process based on
IL blends.”***

2081

B COMPUTATIONAL DETAILS

COSMO-RS Calculations. The molecular structure of the
selected ILs was defined by the ion-paired model using
COSMO-RS calculations.>* First, IL geometric structures were
optimized to the minimum energy level at a computational
level of BP-TZVP, including solvent effects through the
COSMO continuum solvation model.”> Vibrational frequen-
cies were calculated to check the presence of an energy
minimum during geometric optimization. We then generated a
“.cosmo” file including the charge distributions of each
compound to use in COSMOtherm software to calculate the
thermgphysical properties of the fluid.”* TURBOMOLE (V
4.1.1)°" and COSMOtherm (version C30_1701) programs
were used for these calculations. COSMO-RS calculations
were carried out using BP_TZVP_C30_1701 as implicit
parameterization.

H,S Henry’s law constants in neat ILs or equimolar IL-based
blends were obtained at 298 K. First, the Henry’s law constant
(KHenry) was obtained using eq 1

_ 0, vap
KHenry - }’l p()

(1)

where Kiy,,, is the Henry’s law constant; y{° is the activity
coefficient of H,S in the IL at infinite dilution, and pg® is the
vapor pressure of the pure gas, obtained using the Antoine
equation using experimental data.>®

Aspen Plus Process Simulations. The proposed H,S
capture unit was scaled up as a packed absorption column
using the Aspen Plus commercial process simulator in order to

assess H,S separation from natural gas streams (Figure 1)

Clean gas
T
IL-blend
s Absorption
column
Natural gas (RadFrac)
Y s01
IL + Hﬁ)
S-03

Figure 1. Simulated absorption column flow diagram.

using the neat ILs and diverse IL-based blends (25, 50, and
75% in weight) at pressures from 1 to 20 bar and isothermal
operating conditions of 298 K (Table 1). ILs were included as
pseudocomponents in the simulator along with all parameters
needed to describe their H,S physical and chemical absorption
potential by applying a successful multiscale COSMO-based
and Aspen Plus procedure, reinforced using experimental
results®” —>” as previously reported elsewhere.*>*°" In the case
of H,S chemical absorption, H,S—[Bmim][OAc] experimental
isotherms®” were successfully fitted to a thermodynamic model
(see Figure S1 of the Supporting Information) in which the
physical absorption is defined by Henry’s law constants and the
chemical equilibrium reaction considers a 2:1 mechanism,
where two IL ion pairs react with one H,S molecule to form a
complex of AB,, as described elsewhere.”””" Both quantum
chemical structure optimizations and also COSMO-RS
calculations of [Bmim][OAc] and products of its reaction
with H,S were performed to entirely specify the COSMOSAC
property method, which is the property method utilized in our
Aspen Plus calculations (code 1, COSMOSAC method by

https://dx.doi.org/10.1021/acssuschemeng.0c07229
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Table 1. Column Properties, Operating Conditions, and Gas
Stream Compositions Implemented in Aspen Plus

column properties

height (m) 20

packing type Raschig rings

number of stages 10

operating conditions

solvent mass flow (t/h) 250

IL—IL mixture (% mass) 0, 25, 50, 75, and 100
temperature (K) 298

pressure (bar) 1, 5, 10, 15, and 20
component MW, kg/kmol ¥; flow, kmol/h
CH, 16 0.940 1222.9
CO, 44 0.025 32.5

N, 14 0.015 19.5
H,S 34 0.020 26.1

Sandler et al.59). The thermodynamic, chemical reaction, and
kinetic parameters used to define the systems involving
[Bmim][OAc] in Aspen Plus are summarized in Table S1 of
the Supporting Information. The information generated by a
priori DFT and COSMO-RS computational methods (molec-
ular weight, density, boiling point, molecular volume, and
sigma profiles) to specify the COSMOSAC property model is
also included. Regarding [Bmim][OAc], the same pure
compound information is included, along with that for the
reactants and the products of the reaction with H,S. The
required information to describe [Bmim][OAc] chemical
absorption of H,S and CO, (equilibrium constants and
enthalpies of reaction) is also listed in Table S1 of the
Supporting Information. The other ILs involved in the
simulations, which just physically absorb H,S, were added
using the ILUAM database® and their H,S solubility was
described by the COSMOSAC model.

The absorption unit was designed as a packed column, and
the performance was evaluated using the RADFRAC rigorous
model included in Aspen Plus v10 by default. Calculations
were performed in the rate-based mode to consider the H,S
mass transfer kinetic process. The Aspen Plus reactive-
distillation equilibrium reaction tyge was used to introduce
[Bmim][OAc] chemical reactions.” The inlet natural gas and
fresh solvent (neat IL or IL-based blends) streams were fed
using given mass flow rates of 22.5 and 250 ton/h,
respectively."* The inlet temperature and the total pressure
of these gas and IL streams were 298 K and from 1 to 20 bar,
respectively. The rate-based column height was 20 m, and the
diameter was calculated using a fractional approach up to a
maximum capacity of 65%. Raschig rin§s were selected as the
packing for the absorption column.”” The influences of
operating pressure (varied from 1 to 20 bar) and IL-based
blends on the H,S uptake were analyzed. The H,S recovery
achieved was calculated to evaluate the absorption efficiency.
Table 1 lists the details of the typical parameters and operating
conditions for the simulations carried out.

B RESULTS AND DISCUSSION

Absorbent Property Analysis by COSMO-RS. The first
step in the simulation study was the validation of the ability of
COSMO-RS to predict H,S solubility in the ILs. This analysis
was recently reported,””*” involving the Henry’s law constant
values of H,S in pure ILs (KHenry) for different systems at
nearly ambient temperatures, covering a range of gas
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solubilities.”® Figure 2 shows the correlation of experimental
data and predictions by COSMO-RS for a wide variety of

400

300

[55]
S
(=}

Ky exp (bar)

100 1 e Other solutes

« HS

100
K;; COSMO-RS (bar)

200

Figure 2. Henry’s law constant prediction validation model of
different solutes obtained using COSMO-RS calculations at 298 K.

solutes (carbon dioxide, ammonia, alkanes, etc.) with ILs,
including those with H,S, marked with red symbols in Figure 2
(data in Table S2 of the Supporting Information).'”~>” These
data provided a reasonable qualitative prediction (R? of 0.97).
The corrected COSMO-RS computational approach provides
a mean percentage error of 7.62% for the 16 Kgfj,ry values of
H,S—IL systems using the [CA] model to describe the IL.
Kik,

H,S
Exp = 2.66-KyjCosmo-rs — 547

2

Equation 2 shows the linear correlation obtained from Figure
2. The calculated Ky, values by COSMO-RS were corrected
using eq 2 in this work in order to increase the quantitative
accuracy of the predictions.

Different IL-based blends with [Emim][(MeO)PO,H] as
the common component (Table 2) were initially nominated to
examine the effects of a characteristic sample of mixture on
H,S solubilities. [Emim][(MeO)PO,H] was selected as the
common IL; as it was previously reported to be one of the
most thermodynamically promising ILs for H,S absorption,*
presenting one of the lowest Ky, value (Table 2). However,
a disadvantage for the industrial application of [Emim]-
[(MeO)PO,H] is its high viscosity (149.1 cP at 298 K),”
which will complicate mass transport during the capture of
H,S, implying higher IL consumption. Therefore, our proposal
to solve this limitation is to blend it with other ILs (Table 2) to
significantly improve the transport properties of the absorbent,
while maintaining, or even enhancing, its absorption capacity
through synergistic mixing effects.

Once the preliminary selection was completed, the
thermodynamics of H,S absorption in these IL-based blends
was analyzed using the Henry’s constant values (Kyep,,). Figure
3 shows the Ky, values of [Emim][(MeO)PO,H]-
absorbent, mixtures at different molar fractions and 298 K.
It was observed that the lowest value of Ky, corresponds to
the neat [Emim][(MeO)PO,H] (under 10 bar), with this
value increasing when the absorbent, content increases, which
implies lower H,S solubility in the mixed absorbents.

Once we had analyzed the global thermodynamic behavior
of the IL-based blends for H,S absorption, the potential
synergic effects on IL-based blends were analyzed in more
detail. With this aim, the Henry’s law constant deviations from

ideality for IL-based blends (AHZSW) were estimated as a

parameter of reference of nonideal mixing effects.”’ AH

Kitenry 18
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Table 2. Structures and Physical, Chemical, and Thermodynamic Values of the Selected ILs and TGM Measured at 298 K

Using ILThermo Website

: ) 2S s
Tonic liquid Sactars Ku cossors Ko Linar AKgE YL I MILIL  Mimprovement
(bar) (bar) (bar) (%)
Y
e \L?
PJQ. C Qo\Q‘
[Emim][(MeO)PO:H] -4 8.8 3.8 - 0.89 149.1 -
g
"5\0-‘:
) ° o
[Bmim][NTf] V«“ﬁ«., °°% 100 10.0 0.02 1.06 875 413
o X
.,‘T‘ .,ow.‘
v~$’y. R
) ¢ «?{ 112 103 089 028 1184 20.6
[Choline][NTf2] 3? 2 .o ¢
V%'- .
Q ~ ©
\d ,
[Emim][DCN] ) ¢ g o 119 122 -0.31 204 50.1 66.4
D ‘Y
9 e
e
AR Ty
[Hmim][FEP] ] e ot 94 9.6 -0.25 25 1115 252
& e
& -
R r
[Emim][BETi] f;j- .{ 8.9 9.2 -0.26 2.14 120.9 18.9
‘.-r,
§ e
hﬁ{é‘ i A
TGM ~d 9.0 10.1 -1.06 25 212 85.8
*o'“."'“‘
o Lb ¢
.
[Bmim][OAC] T f\"'\ 9.2 92 0.03 1.15 258.3 732
5

calculated as the chan%;e of the predicted and corrected data
from COSMO-RS (KHiiry‘ IL — abs, cosmo — s) and the data
estimated from the linear (mixture) ;)erformance obtained

H .
from Ky, of the neat absorbents (KH:nry, IL — abs, Linear)y Which
is given as eq 3.

(ar =5, )
Henry
_ HS H,S
- KHenry,IL—abs,COSMO—RS - I<Henry,IL—abs,Linear (3)

Figure 4 shows the Henry’s law constant mixing deviations
of H,S in equimolar IL-based blends (AKHemyHZS) for more
than 400 equimolar [Emim][(MeO)PO,H]-IL, mixtures and
[Emim][(MeO)PO,H]-TGM mixtures plotted against the
activity coefficient of [Emim][(MeO)PO,H] (Figure 4A) in
the IL-based blends. In good agreement with the conclusions
of the Shulgin model,®’ a relationship between AKHEMYHZS in
IL-based blends and the reference activity coeflicient of the
absorbents in the equimolar IL-based blends was found

2083

(y[Emim][(Meo)pOZH]). Thus, the solvent mixing effect on H,S
solubility could be openly classified in a thermodynamic
context. IL-based blends showing a nearly ideal mixture
behavior (y;, ~1) present H,S solubility almost equal to the
average of the pure absorbents, in other words, an additive
performance in their constant of Henry values (AKHenrszs
~0). In contrast, those IL-based blends showing positive
deviations from ideality (y; > 1, the green zone of Figure 4A)
due to nonfavorable blending properties, because of unfavor-
able intermolecular interactions between the solvents or
diminishing entropy, could present significantly improved
H,S solubilities (AKjep,>* < 0) compared to the behavior of
the pure absorbents. On the other hand, those IL-based blend
components with good performance (giving 7y < 1, the red
zone of Figure 4A) might not be good candidates as H,S
absorbents as the H,S—solvent interaction could be hindered
by IL—IL interactions, giving unfavorable AKHemyHZS values,
higher than zero. Regarding the preliminary selected IL-based
blends (Table 2), Figure 4B shows the AKHenrszs values in IL-

https://dx.doi.org/10.1021/acssuschemeng.0c07229
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—0—[Bmim][NTf]
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Figure 3. Henry’s constant values (KHenry, bar) of H,S in blends of

[Emim][(MeO)PO,H] with other ILs and TGM (see details in the
inset) calculated using COSMO-RS at 298 K.

based blends at different IL compositions, with the aim of
finding synergic mixture effects. [Emim][(MeO)PO,H] also
showed synergic effects with [Hmim][FEP], [Emim][BETi],
[Emim][DCN] and, to a greater extent, TGM, so the list of
the previously selected ILs is reduced (Table 2) to [Emim]-
[(MeO)PO,H]—[Emim][DCN] and [Emim][(MeO)-
PO,H]-TGM.

After we analyzed the thermodynamic behavior of the IL-
based blends for H,S absorption, their viscosity was studied as
a kinetic parameter of reference for [Emim][(MeO)PO,H]—
absorbent, mixtures. The viscosity of IL—absorbent binary
mixtures was obtained from absolute experimental viscosities
using the mixing law of Grunberg and Nissan,®? as follows

Loglo(ﬂ) = x1~Log10(;,t1) + xZ'Logm(”z) 4)

Table 3 shows the predictions of corrected Ky, values
using COSMO-RS (Ky cosmo-rs), equimolar Ky, estimated
by linear regression between the two absorbents (Ky pinear)s
the Henry's law constant deviations (AKy™>), equimolar
activity coefficient of the IL-based blends (7 ), the
estimated equimolar values of viscosity of the blend (uy
eq 4), and viscosity improvements with respect to [Emim]-
[(MeO)PO,H] (Mimprovement) for all of the selected systems. It

is observed that the IL-based blends [Emim][(MeO)PO,H]—
TGM and [Emim][(MeO)PO,H]—[Emim][DCN] present
both favorable thermodynamics and kinetics for H,S
absorption. The mass solubility (mg/g), obtained from Kiteneys
and diffusivity (m?/s), obtained using the Wilke—Chang
equation,’® were compared as shown in Figure S, with
opposite trends observed for H,S absorption thermodynamics
and kinetics of the mixture compositions. Neat [Emim]-
[(MeO)PO,H] presents the highest mass solubility but the
lowest diffusivity. Therefore, increasing the amount of the
other solvent enhances the absorbent transport properties but
decreases the H,S gas solubility. Therefore, it is required to
analyze these IL-based blends using process simulations in
order to evaluate the role of thermodynamics and kinetics in
process performance.

Separation Process Performance Evaluated using
Aspen Plus. After we analyzed the key thermodynamic/
kinetic properties of H,S absorption in IL-based blends by
molecular simulations, we employed a COSMO-based/Aspen
methodology in order to assess the performance of the selected
IL-based mixtures for absorption of H,S from a characteristic
acid natural gas stream (Table 1) using commercial packed
columns. Previous process simulations revealed a determinant
effect of the mass transport properties of ILs on the efficiency
of H,S recovery” and CO, absorption processes.’**** In the
case of H,S capture, all of the selected ILs (Table 2) present
reasonably high solubilities (KHenry values between 8.8 and 18
bar), so the strategy in the process simulation was to combine
the selected ILs with solvents of lower viscosity. Thus, the
equimolar mixtures of [Emim][(MeO)PO,H] with [Emim]-
[DCN] and TGM gave a decrease in the viscosity of 66.4 and
85.8%, respectively, compared to neat [Emim][(MeO)PO,H]
(Table 3).

For absorption using a packed column, the rigorous model
of a RADFRAC column using the rate-based mode was used
for a more realistic setup, taking into account both the
thermodynamic and kinetic effects on the H,S separation
efficiency by IL mixtures. Figure 6A shows the comparison of
the percentage of H,S recovery using [Emim][(MeO)PO,H]—
[Emim][DCN] mixtures with different compositions at
different operating pressures. The highest H,S recovery was
achieved using pure [Emim][DCN], which presents the lowest
viscosity. An increase in the operating pressure from 1 to 20
bar results in significantly higher H,S capture (Figure 6A) due
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Figure 4. Henry’s law constant mixing deviations of H,S (AK™S, bar) versus activity coefficients in equimolar [Emim][(MeO)PO,H] mixtures
(yi) (A) and Henry’s law constant deviation of H,S (AHE;S v bar) in [Emim][(MeO)PO,H] mixtures with other absorbents (see details in the

inset) (B), obtained using COSMO-RS at 298 K.
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Table 3. Henry Constant Values of H,S (Obtained using COSMO-RS and by Linear Behavior of each IL Making the Mixture),
the Activity Coefficient, and Viscosity (and its Improvement with Respect to [Emim][(MeO)PO,H]) of Equimolar IL-Based

Blends at 298 K

ionic liquid Ky, cosmo-rs Ky, Linear AKy™ Y1L-abs ML abs [ —
(bar) (bar) (bar) (cP) (%)
[Emim][(MeO)PO,H] 8.8 8.8 0.89 149.1
[Bmim][NT%] 10.0 10.0 0.02 1.06 87.5 413
[Choline][NTE,] 112 103 0.89 0.28 1184 20.6
[Emim][DCN] 11.9 122 —031 2.04 50.1 66.4
[Hmim][FEP] 9.4 9.6 -025 >2.5 1115 252
[Emim][BETi] 8.9 92 —026 2.14 120.9 18.9
TGM 9.0 10.1 —1.06 >2.5 21.2 85.8
[Bmim][OAc] 2583 -732
20 25 6 25
Absorbent,: TGM IL,: [Emim][DCN]
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Figure 5. H,S solubility and diffusivity obtained from the Wilke—Chang equation for two IL-based blends at

[Emim][(MeO)PO,H]-TGM and (B) [Emim][(MeO)PO,H]-[Emim][DCN].
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to the increased gas solubility but the kinetic control of H,S
absorption remains constant, which means, the determinant
influence of IL viscosity. In summary, we did not succeed in
formulating IL—IL blends with enhanced thermodynamic/
kinetic properties for H,S physical absorption, obtaining the
best behavior with the pure ILs with the lowest viscosity. In the
case of the [Emim][(MeO)PO,H]—TGM blend (Figure 6B),
the maximum H,S recovery was found at 75% (w/w) of TGM,
evident of a synergistic effect between these two absorbents.
Moreover, at 10 bar, we predicted 99% H,S recovery at 25/75
for [Emim][(MeO)PO,H]-TGM.

In order to obtain a more favorable IL-based blend to
capture H,S, we evaluated [Bmim][OAc] as a H,S chemical
absorbent in a packed column. [Bmim][OAc] is characterized
by a remarkably high H,S absorption capacity (compared to
ILs with physical absorption of H,S) although poor mass
transport properties were found due to its high viscosity
(Tables 2 and 3).°° Thus, [Bmim][OAc] was mixed with
[Emim][DCN], the IL with the lowest viscosity, in the current
study. Figure 7A shows the H,S recovery at different IL—IL
compositions and different pressures. Remarkably, in this case,
we found an IL—IL blend with an enhanced H,S absorbent
behavior with respect to the neat ILs, that is, a new IL-based
formulation with a favorable compromise between thermody-
namics and kinetics for H,S absorption. An IL—IL blend of
75% of [Emim][DCN] at 10 bar of pressure offers the
maximum H,S recovery (> 98%). [Bmim][OAc] was also
mixed with TGM, a low-viscosity solvent used industrially as a
physical absorbent of acid gases (CO,, H,S, NO,, or SO,).
Recently, TGM was successfully used as a cosolvent with
carboxylate-based ILs to minimize the mass transfer limitations
in CO, chemical absorption.”" Figure 7B shows the simulated
performance of [Bmim][OAc]—TGM blends for H,S capture
in a commercial packed column. Considering the different
ratios of the blend, there is a clear synergistic effect, with
higher H,S recovery at any mixture composition. The best
results were achieved at a TGM composition of 75% in weight,
yielding 98% of H,S recovery at 1 bar, a remarkably better
performance than not only the [Bmim][OAc]—[Emim]-
[DCN] blends but also the best [Emim][(MeO)PO,H]—
TGM blend (Figure 6B). This result is explained by the
synergistic effects of the mixture having high [Bmim][OAc]
absorption capacity and low viscosity of TGM. In terms of the
economics of the process, this result would drastically reduce
the consumption of ILs using the cosolvent TGM. Moreover,
IL-based blends are presented as alternatives to aqueous amine
solutions, widely used in industries, preventing some draw-
backs such as volatile losses, intensive energy consumption to
regenerate the absorbent, and the formation of corrosive
byproducts.

B CONCLUSIONS

The integration of COSMO-RS molecular simulations and
thermodynamic analysis offers new insights into the efficacy of
blending ILs for H,S solubility. This paper confirmed the
synergistic H,S solubility effect found by blending two solvents
which combine positive deviations from ideality. It should be
highlighted that these IL-based blends frequently give favorable
gas solubilities with unfavorable mass transfer kinetics. These
consequences provided opportunities to propose new
absorbents with well-balanced kinetic and thermodynamic
properties for H,S absorption.
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The absorption operation was simulated for IL-based blends
to assess their performance in both physical and chemical H,S
capture processes using a COSMO-based/Aspen Plus method-
ology using typical natural gas streams of industrial plants, with
a column height of 20 m, a given mass flow of 22.5 ton/h of
natural gas, and 250 ton/h of absorbent at 298 K. The solvent
viscosity was found as the key property that defines the IL
behavior for H,S absorption. The results indicate that blending
of [Bmim][OAc]—a H,S chemical absorbent—with a low
viscosity solvent, for instance, TGM, provides excellent
candidates for H,S absorption, exhibiting better performance
in absorption columns than the pure compounds, due to their
compromise between favorable transport properties and high
absorption capacities.
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