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ABSTRACT 

For the selection of practically attractive ionic liquids (ILs) as absorbents for 

simultaneous CO2 and H2S removal from natural gas (NG), a multilevel screening 

method combining Henry s law constant (H) and vapor-liquid equilibria (VLE) based 

prediction of thermodynamic properties, physical properties estimation, and process 

simulation is presented. To begin with, an H-based Absorption-Selectivity-Desorption 

index (ASDI) is employed to prescreen potential ILs that have promising target 

properties at infinite dilution condition. Following this, their simultaneous CO2 and H2S 

removal performances are further evaluated from the VLE of {IL + NG} systems at the 

specific composition of interest. After the thermodynamic screening, key physical 

properties of the obtained ILs are estimated by group contribution methods and the IL 

stability is assessed empirically to find out solvents suitable for practical application. 

Finally, continuous acidic gas removal processes based on the remaining ILs are 
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simulated and compared by Aspen Plus, thereby identifying the best ILs from the 

process point of view. 

KEYWORDS: ionic liquid screening, simultaneous acidic gas removal, Henry s law 

constant, vapor-liquid equilibria, process simulation 

 

1. INTRODUCTION 

As one of the most dominant global energy sources, natural gas (NG) has been 

increasingly utilized during the past decades [1,2]. However, the undesirable 

contaminants accompanying CH4 in raw NG, that is, acidic gases CO2 and H2S will 

lead to severe problems such as toxicity, equipment corrosion, and decrease in calorific 

value of NG [3-6]. Therefore, the removal of CO2 and H2S from NG is of great 

significance from both economic and safety point of view [7-10]. So far, aqueous 

alkanolamines based chemical absorption and the Rectisol technology using cold 

methanol as physical absorbent have been widely applied in the chemical industry 

[11,12]. However, such processes suffer heavily from high energy consumption caused 

by solvent regeneration and the very low operating temperature [13], respectively. 

Therefore, searching competitive alternatives to alkanolamines and methanol is highly 

significant. 

In the past decades, ionic liquids (ILs) have been extensively explored as gas 

absorbents due to their overwhelming merits over conventional organic solvents, such 

as negligible vapor pressure, high chemical/thermal stability, designable and tunable 

character [14,15]. Until now, the absorption behaviors of ILs for gases such as CO2, 

H2S, N2, H2, and C1  C4 hydrocarbons have been continuously reported, which 

indicate the high potential of ILs as acidic gas absorbents [16-19]. However, as the gas-

in-IL solubility varies remarkably from case to case, the selection of proper ILs is of 



central importance to ensure a technically and economically feasible IL-based acidic 

gas removal process [20-22]. So far, most studies on IL-based gas absorption still focus 

on the experimental measurement of gas solubility in ILs [23,24], covering only a small 

proportion of IL candidates among the large quantity of possible cation-anion 

combinations. For instance, for this particular NG purification case, there are very 

limited data on the CH4-in-IL solubility. To search more optimal IL solvents over a large 

space, the experimental approach is costly, time-consuming, and even unrealistic to 

explore the various IL possibilities. In this context, predictive thermodynamic models 

have been developed and applied for theoretical IL screening or design [15,16,21,25-

31]. 

Among the predictive thermodynamic models, COSMO-based activity coefficient 

models (i.e., COSMO-RS and COSMO-SAC) merely require quantum-chemically 

derived molecular descriptors as inputs for the thermodynamic property prediction, and 

thus are widely used in IL selection for gas absorption tasks as well as other separation 

processes [15,29,30,32-35]. For example, Farahipour proposed a systematic screening 

methodology with COMSO-RS to screen ILs possessing both high absorption capacity 

and desorption property for CO2 capture [35]. Very recently, our group further 

developed a COSMO-SAC based IL design method with an integrated mass-based 

Absorption-Selectivity-Desorption index (ASDI) as the design objective for CO2 

separation from flue gas (CO2/N2), syngas (CO2/H2) and sour gas (CO2/H2S) [34]. 

Despite the progress made, the above IL screening or design work as well as other 

similar studies only considered the single gas capture or the two-component mixture 

separation cases. To the best of our knowledge, the computational selection of ILs for 

simultaneous removal of CO2 and H2S has not been reported. Moreover, most previous 

studies on IL selection only relied on a simple and quick estimation of the 



thermodynamic properties at the infinite dilution condition [26,34-36]. However, such 

screening may not lead to the optimal solvent for practical systems due to the neglect 

of real absorption conditions, that is, the multi-components and finite concentrations. 

In this regard, it is of high interest to evaluate the separation performances of IL 

candidates at the specific conditions of interest at the solvent screening stage [37,38]. 

In addition to the thermodynamic criteria, some fundamental physical properties, 

especially the melting point (Tm) and viscosity ( ), as well as the IL stability, are 

important for determining the suitability of solvents as absorbents, and thus should also 

be taken into account during the IL screening [39,40]. Besides, it is always preferred 

that the optimal absorbent for an IL-based acidic gas removal task is  

based on the highest performance in the continuous process; whereas it is unrealistic to 

evaluate the process performances of a large number of ILs without a preliminary 

screening by thermodynamic and physical properties [18,41,42]. 

Taking account of the essential aspects mentioned above, this contribution 

combines the prediction of thermodynamic properties derived from Henry s law 

constant (H) and vapor-liquid equilibria (VLE) at the global compositions of interest, 

the estimation of physical properties, and the process simulation to screen suitable ILs 

as absorbents for simultaneous removal of CO2 and H2S from NG. 

2. METHODS 

The whole method for screening IL absorbents for simultaneous CO2 and H2S 

removal is structured in Figure 1, which consists of four steps: 

Step 1: IL prescreening based on the H-derived ASDI. The H-based ASDI values 

of different cation-anion combinations towards the individual CO2/CH4 and H2S/CH4 

separation tasks are calculated; the ILs with lower ASDI (corresponding to higher 

absorption performance) in both individual cases are preliminarily selected for further 



consideration. 

Step 2: ILs screening based on the VLE-derived ASDI . The VLE of systems 

composed of the target NG mixture {CO2 + H2S + CH4} and different prescreened ILs 

at the specific global composition are calculated and the corresponding ASDI  derived 

from the VLE results are compared in this step. The candidates presenting lower ASDI  

for the two individual tasks (CO2/CH4 and H2S/CH4) are retained. 

Step 3: ILs screening based on the physical properties and stability. The Tm and  

of the prescreened candidates are estimated to further find out the ones with desired 

physical properties and the potential IL stability is assessed. 

Step 4: ILs screening based on the process simulation. In this step, the IL 

candidates remained after the first three steps are evaluated in the continuous acidic gas 

absorption processes and compared with previously-reported benchmark ILs. The 

optimal process-based ILs are finally identified by comparing the process simulation 

results such as the required column height, solvent and energy consumptions. 

In the following, more details on the multilevel screening method are elaborated. 

2.1. H-based ASDI calculation 

For gas absorption processes, the absorption capacity (A) and selectivity (S) as 

well as the desorption capacity (D) are all important performance indices from 

thermodynamic point of view, however, usually present contradictory dependencies on 

IL structures [14,35]. In the previous study [34], the ASDI has been demonstrated to be 

very suitable thermodynamic index for screening ILs as it can make a good trade-o  

among these three indices without giving constraints on each single index, and thus is 

employed as the performance index to evaluate the IL candidates. Considering this 

criterion is defined only for two-component gas mixture, the simultaneous removal of 

CO2 and H2S from CH4 is first modeled by two individual tasks of CO2/CH4 and 



H2S/CH4 separation. In this manner, in addition to output the most potential IL structure 

for this multi-component gas removal task, useful insights into (1) the effects of IL 

structure on the individual CO2/CH4 and H2S/CH4 separation and (2) the way to reach 

the trade-off for the simultaneous CO2 and H2S removal can be offered. For each task, 

the mass-based ASDI is calculated as: 
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where i refers to the target gas componenet (CO2, H2S); H, S and D represent the mass-

based Henry's law constant, selectivity towards CH4, and desorption capacity of these 

two gases in ILs, respectively (see Eqs. (2)  (4)). 
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where MIL, Mi, and MCH4 are the molecular weights of IL, component i, and CH4, 

respectively; Hmole stands for the mole-based Henry's law constant, which is estimated 

as the product of the saturated vapor pressure ( ) and infinite dilution activity 

coefficient ( ). 
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The Antoine equation is employed to calculate the  of involved gas components at 

different temperatures. For the  calculation of NG components in ILs, the COSMO-

SAC model is employed where the -profiles and VCOSMO of the involved cations and 

anions are obtained from the quantum mechanical calculations by the DMol3 module 

s
iP

i

s
iP

i



in the Accelrys Materials Studio 6.1 software package [43]. The detailed introduction 

on the activity coefficient prediction using COSMO-SAC can be found in previous 

literature [33,37,44]. 

2.2. VLE based ASDI  prediction 

As the separation performance suggested from the thermodynamic properties at 

infinite dilution may differ from those at the practical condition [45], it is highly 

valuable to further evaluate the VLE performance of the ILs prescreened from H-based 

ASDI. Here, the raw NG is assumed as a mixture of {CO2 + H2S + CH4} with a mass 

fraction of [0.15, 0.05, 0.80] [8]. The VLE of {IL + NG} at the specific global 

composition of 1:1 is calculated by COSMO-SAC as a flash problem to simulate the 

IL-involved acidic gas removal process; a VLE-derived criterion ASDI  is proposed to 

evaluate the practical absorption performance of ILs as defined in Eq. (6). 
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where the i , 4CH'i /S , 'D  are the distribution coefficient, selectivity, and desorption 

coefficient, respectively, which are calculated from the VLE results as follows. 
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In Eqs. (7)  (9), im  and 
4CHm represent the mass fractions of the target components 

(CO2, H2S) and CH4 in the VLE compositions; superscripts L and V denote the liquid 

and the gas phases, respectively. 



2.3. Physical property estimation and stability assessment 

To screen out ILs suitable for practical application, the physical properties of ILs 

are taken into account. For the estimation of Tm and  of the ILs, two group contribution 

(GC) models are employed, respectively (see Eqs. (10) and (11)). 
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where jn  is the occurrence of the group j in the IL; jt  is the contribution of group j 

to the melting point, and ja  and jb  are the contribution parameters of group j to the 

viscosity. Both the two above models are parametrized from a large number of 

experimental data and have been proven to be reliable prediction tools for estimating 

IL physical properties in IL selection [39,40]. 

Beyond the physical properties, the thermal and chemical stability of IL candidates 

are also highly significant in determining the suitability of ILs as solvent. However, as 

there are so far no generally applicable prediction methods for these two properties, it 

is inconvenient to analyze such stability issues of a large number of ILs in the early 

screening stage. In this work, the potential thermal and chemical stability for the top 

candidates obtained after the prescreening by thermodynamic and physical properties 

are assessed from the empirical point of view. 

2.4. Aspen Plus-based process simulation and evaluation 

In this work, Aspen Plus V8.4 is employed to simulate the continuous acidic gas 

removal process with the rate-based methods, where the ILs retained after the first three 

steps and three benchmark IL absorbents reported in recent literature are compared 

[8,10,46]. The flowsheet of the IL-based process is shown in Figure 2, for which the 



absorber and flash tanks are modeled by the RadFrac block and Flash block, 

respectively. The NG gas stream to be purified enters from the bottom of the absorber, 

contacting the IL stream counter-currently; the purified gas is then released from the 

top stream and the acidic gas-rich solvent flows into the IL regeneration units Flash-1 

and Flash-2 successively. In order to reduce the CH4 loss, the outlet stream from the top 

of Flash-1 is pressurized in the compressor and mixed with the feed gas before entering 

the absorber again while the bottom stream flows into the second flash tank to 

regenerate IL solvents. Finally, the absorbed CO2 and H2S is gathered after two single-

stage flash process at the top of Flash-2 and the lean solvent is cooled and pumped for 

reuse. In this work, a Flexiring random packed (0.625in.) absorber is employed with 

the fractional capacity and equilibrium stage fixed as 62% and 10, respectively [46-49]. 

For each IL-based process, 1,000 kg·h-1 NG mixture with the same initial compositions 

as in the above VLE calculation is fed to the absorber as the feed stream. The main 

operating conditions of the absorber (i.e., the column height, absorption pressure and 

IL flow rate) and of the regeneration units (i.e., the operating temperature and pressure 

of Flash-1 and Flash-2) are roughly optimized to obtain high purity and recovery of 

CH4, high removal of CO2 and H2S as well as high regenerated IL purity. 

Since ILs have not been included in the component databanks in Aspen Plus, they 

are defined as pseudo-components by specifying their molecular weight (M), density 

( ), normal boiling temperature (Tb), viscosity and critical properties (Tc, Pc, Vc, ). In 

this work, the required , Tb, Tc, Pc, Vc,  for the involved ILs are estimated by the 

fragment contribution - corresponding states (FC-CS) method reported by Huang et al 

[47], while the viscosity-to-temperature dependence of the ILs is specified through an 

Arrhenius type equation. As for the thermodynamic model, the COSMO-SAC method 

implemented in Aspen Plus is adopted with six parameters for each component, that is, 



the CSACVL (VCOSMO) and SGPRF1 to SGPRF5 ( -profiles) [48,49]. 

3. RESULTS AND DISCUSSION 

3.1. Prescreening of ILs based on the H-derived ASDI 

In this work, to screen out potential IL absorbents over a large feasible space, 1643 

ILs are included in the initial database by combining 53 cations and 31 anions 

commonly seen in previous IL studies (the detailed structures of the involved cations 

and anions are shown in Table S1, Supporting Information). The H-based ASDI of these 

ILs for CO2/CH4 and H2S/CH4 are calculated and depicted in Figure 3 with the detailed 

data (H, S, D and ASDI) given in Table S2  S9 (Supporting Information), respectively. 

From Figure 3, the ASDI of the involved ILs varies in a large range for the two 

individual cases (10-2  103 for CO2/CH4, 10-6  1 for H2S/CH4), highlighting the great 

importance of searching suitable cation-anion combinations for the CO2 and H2S 

removal process. Moreover, it can be found that anions play a more important role on 

the ASDI in comparison to the cations for both the CO2/CH4 and H2S/CH4 separations, 

which is consistent with the previous experimental and computational findings 

[24,34,35,50]. However, different types of ILs excel in the ASDI for these two 

individual separations, which may be attributed to the different interaction mechanisms 

of ILs for CO2 and H2S [15]. To be specific, ILs comprising phosphate ([H2PO4]-, 

[eFAP]-, [DEP]-, [DBP]-, [DMP]-, [bFAP]-), sulphate ([MeSO4]-, [OcSO4]-, [DeOSO4]-, 

[EtSO4]-, [HSO4]-) and ethylsulfonyl ([Tf2N]-, [BETI]-) anions are favorable for the 

separation of CO2 from CH4 (corresponding to low ASDI values, see Figure 3a); 

whereas [Cl]-, [Br]-, [For]-, [Ac]-, [SCN]- and [DCA]--based ILs are superior for the 

H2S/CH4 separation as shown in Figure 3b. 

From above, the optimal ILs for the CO2 capture are not the best for the H2S 

removal, and vice versa. To balance the separation performances of ILs for 



simultaneous CO2 and H2S absorption, the ILs having the top 40% lowest ASDI values 

for both the individual CO2/CH4 and H2S/CH4 separations are prescreened. 

Consequently, 29 IL candidates survived in this step, which are based on five type of 

anions namely [H2PO4]-, [HSO4]-, [MeSO4]-, [EtSO4]-, and [MeSO4]- (see Table S10, 

Supporting Information). 

3.2. Screening of ILs based on VLE-derived ASDI  

Before evaluating the VLE-based separation performances of the pre-screened 

candidates at practical condition, the prediction reliability of COSMO-SAC should be 

evaluated. This method has been demonstrated to be able to reliably predict the binary 

VLE of {CO2/H2S/CH4 gases (e.g., 

CO2, N2, H2, H2S and C1  C4) in ILs [29,34]. Here, only the prediction performance of 

COSMO-SAC for the VLE prediction of {gas mixtures + IL} systems involving NG 

components and ILs is further evaluated. For this purpose, the VLE data of four {CO2 

+ H2S + IL}, one {CO2 + SO2 + IL}, one {CO2 + CH4 + IL}, and one {CO2 + O2 + IL} 

systems are calculated and compared to the experimental data (see the detailed data in 

Table S11, Supporting Information) [23,51-55]. Figures 4a and 4b illustrate the 

comparison of experimental and calculated VLE with two representative systems, i.e., 

{CO2 + H2S + [BMIM][MeSO4]}} and {CO2 + SO2 + [HMIM][Tf2N]}. As seen, the 

calculated y-x trend agrees well with the experimental result from both qualitative and 

quantitative point of view with the root mean square deviations (RMSDs) of 0.0225 and 

0.0352, respectively. For the seven studied ternary systems, the average RMSD is 

0.0515. Combining with the other validations in previous literature, the COSMO-SAC 

model could be reliably used for the following IL screening. 

After the validation of COSMO-SAC, the VLE of the {IL + NG} systems based 

on the prescreened ILs in the first step are calculated at the specific global concentration 



of interest and their VLE-derived ASDI  towards the CO2 and H2S removal tasks are 

compared to the H-based ASDI in Figure 5. The prescreened ILs are arranged in the 

increasing order of their H-based ASDI on the x axis for the convenience of comparison. 

However, no clear ranking of their VLE-derived  is found correspondingly. The 

notably different tendencies of the H-based ASDI and VLE-derived ASDI  clearly 

demonstrate the differences in separation performances of ILs estimated at infinite 

dilution and practical condition. Both the multi-component character and the practical 

concentration could be potential reasons responsible for such a difference, manifesting 

the necessity of the further screening of IL absorbents based on VLE. 

From the VLE-derived ASDI  for CO2/CH4 and H2S/CH4 separation in Figure 6, 

one can note that the ASDI 2S/CH4 are obviously lower than 

those for CO2/CH4 (0.2218  6.4450 versus 1.0055  83.9405), demonstrating the easier 

removal of H2S over CO2 from NG. Moreover, the ASDI of ILs for the H2S/CH4 

separation task of [H2PO4]-, [HSO4]-, [MeSO4]-, [EtSO4]- and [MeSO4]--based ILs are 

at a similar level, which are 0.2218  1.3719, 1.2524  8.4548, 0.5357  6.4450, 0.9647 

and 0.9342  3.0919, respectively; in contrast, the ASDI the [H2PO4]--based ILs 

(1.0055  3.7255) for CO2/CH4 separation are notably lower compared to those of other 

four types of ILs (12.4773  36.2960, 31.5246  83.9405, 48.7916, 32.7698  65.8442 

for [HSO4]-, [MeSO4]-, [EtSO4]- and [MeSO4]--based IL, respectively). As a result, the 

ILs closest to the origin point are all the [H2PO4]- based ones (as marked in Figure 6). 

Therefore, the [H2PO4]--based ILs namely [BMPYO][H2PO4], [BeMPYO][H2PO4], 

[BnMMIM][H2PO4], [PMMIM][H2PO4], [DePYO][H2PO4], and [EMIM][H2PO4] are 



screened out in this step. 

3.3. Screening of ILs based on the physical properties and stability 

To ensure that the selected ILs could act as liquid absorbents under room 

temperature and have relatively low viscosity, the upper bound of Tm and  are set to be 

298.15 K and 100 cP, respectively. The physical properties of the six [H2PO4]--based 

ILs screened by thermodynamic criteria are estimated by the GC models and listed in 

Table S12 (Supporting Information). As seen, four ILs meeting such physical property 

constraints, i.e., [BeMPYO][H2PO4], [PMMIM][H2PO4], [DePYO][H2PO4] and 

[EMIM][H2PO4], are retained. 

In previous literature [56], [H2PO4]--based ILs with pyridinium as cation are 

experimentally determined to have decomposition temperature around 450 K. As the 

anion type plays the major role in the thermal stability of ILs, a similar thermal stability 

of the prescreened [H2PO4]--based ILs could be indicated. Moreover, as the conjugated 

anion of the mediate strong acid H3PO4, [H2PO4]- is unable to obtain proton from the 

cation and thus the cation-anion combination should be chemically stable [57]. Besides, 

to the best of our knowledge, chemical absorption is mainly observed in the cases of (a) 

CO2/H2S + basic ILs (i.e., NH2-functionalized ILs) or weak acidic anion based ILs (e.g., 

[Gly]-, [Ac]-, [Pro]-, [Lev]-) and (b) H2S + high oxidizing type of ILs (e.g., [FeCl4]--

based ILs) [58,59]. In this sense, the absorption of CO2 and H2S by the prescreened 

[H2PO4]--type ILs should be physically based and thus the ILs could remain stable 

during the absorption processes. Taking account of all these aspects, the four [H2PO4]-

-based ILs possess high practical suitability as absorbents for the studied task. 

3.4. Screening of ILs based on process simulation 

In this section, the four ILs obtained after the first three steps are evaluated in the 

continuous acidic gas removal process using the rate-based modes in Aspen Plus, and 



compared with three benchmark ILs previously reported in literature ([BMIM][MeSO4], 

[BMIM][PF6] and [BMIM][TCM]) [8,10,46]. It is worth mentioning that these three 

benchmark ILs are also included in our initial database but are discarded in the 

thermodynamic screening step. As described previously, the required properties of all 

the involved absorbents are calculated and listed in Table S13 (Supporting Information). 

In the following, the process optimization procedure is exemplified by the 

[DePYO][H2PO4]-based process. 

To begin with, the column height is optimized to minimize the kinetic effect by 

performing a sensitivity analysis. As plotted in Figures 7a and 7b, the purity and 

recovery of CH4 as well as the removal of CO2 and H2S ascend with the increasing 

column height below 14 m and afterwards keep almost constant. Hence, the column 

height of the absorber is determined as 14 m. Afterward, the pressure in the absorber 

and IL flow rate are optimized. As depicted in Figure 8a  8b, with the pressure in the 

absorber increasing from 1 bar to 6 bar, the purity and recovery of CH4 rise from 83.59 

wt% to 98.00 wt% and from 96.53% to 97.93%, respectively; the removal of CO2 and 

H2S grow from 22.32% to 91.77% and from 29.90% to 92.76% accordingly. After that, 

all these process objectives only increase slightly, and thus the absorption pressure is 

set to be 6 bar. From Figures 9a and 9b, it is clear that the CH4 purity and the removal 

of CO2 and H2S follow almost the same trends against the IL flow rate, which is, 

however, reverse with that of the CH4 recovery. Specifically, with the IL flow rate 

increasing from 10,000 to 23,000 kg·h-1, the CH4 purity and the removal of CO2 and 

H2S increases dramatically and the CH4 recovery decreases smoothly. However, further 

increasing the IL flow rate only enhances the CH4 purity and the removal of CO2 and 

H2S trivially while reduces the CH4 recovery notably. Therefore, the optimal IL flow 

rate is determined to be 23,000 kg·h-1. 



As the key parameters for the IL regeneration units, the temperature and pressure 

of the flash tanks are studied. As seen in Figures 10a  10b, the CH4 recovery almost 

declines linearly with increasing the pressure in the range of 1 bar  6 bar at different 

temperatures whereas the CH4 purity stays very closely in the pressure range with the 

temperature lower than 353.15 K. Therefore, the Flash-1 is operated at the atmosphere 

pressure (1 bar) to ensure both high CH4 recovery and purity. At the fixed pressure, the 

CH4 purity goes down sharply with increasing the temperature from 353.15 K (97.79 

wt%) to 383.15 K (91.99 wt%) while the CH4 recovery changes mildly within a high 

level (97.91%  99.32%). As a consequence, the temperature of Flash-1 is determined 

to be 353.15 K. As seen from Figures 11a  11c, the temperature and pressure in Flash-

2 mainly affect the CH4 purity (in the range of 80.00 wt%  99.14 wt%) with the CH4 

recovery and the regenerated IL mass purity remain always at a high level above 

97.50%. Thus, the parameters of Flash-2 are mainly determined based on the CH4 purity. 

As demonstrated in Figure 11a, higher temperature and lower pressure are preferred for 

high CH4 purity in the product; however, such conditions will inevitably result in higher 

energy consumption for the compressor and heater. Taking account of above aspects, 

the operating temperature and pressure are set at 373.15 K and 0.3 bar, respectively, as 

the CH4 purity and recovery go up more steadily after that. 

Following the above process optimization procedure, the final operating 

conditions as well as the main simulation results of the acidic gas removal processes 

based on the four screened candidates and three literature-reported ILs are summarized 

in Table 1. As seen, when achieving both high CH4 purity and recovery in the 

simultaneous acidic gas removal task, the CO2 and H2S removal ratios based on the 

four ILs screened in this work are at a similar level, i.e., 90%, indicating a good trade-

off between their CO2 and H2S absorption performances; in comparison, based on the 



benchmark ILs [BMIM][MeSO4], [BMIM][PF6] and [BMIM][TCM], the continuous 

process can only reach an obviously lower removal ratio of CO2 than H2S, which 

implies the unbalanced absorption performances of these two acidic gases. Moreover, 

in comparison to the four prescreened [H2PO4]--type ILs, the required column height, 

IL amounts and energy consumptions based on the [BMIM][MeSO4] and [BMIM][PF6] 

are almost 5  7, 4  10 and 2 times higher, respectively; although the required column 

height based on [BMIM][TCM] is slightly lower (10 m vs. 12  14 m), the solvent and 

energy consumptions in this case are almost five times larger. All the above 

comparisons demonstrate the higher potential of the selected ILs for the acidic gas 

removal from natural gas and thus suggest the practicality of the IL screening method 

proposed in this work. Finally, by comparing the required column height with IL and 

energy consumptions in the continuous processes, [BeMPYO][H2PO4] and 

[EMIM][H2PO4] are identified as the best two absorbents for the simultaneous removal 

of CO2 and H2S from NG. 

4. CONCLUSION 

This work presents a multilevel screening of IL absorbents for the simultaneous 

removal of CO2 and H2S from raw natural gas (NG). From 1643 cation-anion 

combinations, 29 ILs are first prescreened out with top 40% lowest H-based 

Absorption-Selectivity-Desorption index (ASDI) for both the individual CO2/CH4 and 

H2S/CH4 separations. The simultaneous CO2 and H2S removal performances of these 

29 ILs are further evaluated by calculating the vapor-liquid equilibria (VLE) of {IL + 

NG} at the specific global composition of interest, where [H2PO4]--based ILs are 

screened from the VLE-based ASDI  point of view. Subsequently, four ILs namely 

[BeMPYO][H2PO4], [PMMIM][H2PO4], [DePYO][H2PO4] and [EMIM][H2PO4] are 

found to satisfy the melting point and viscosity constraints imposed for practical 



application with potential good thermal and chemical stability. Through the process 

simulation of continuous acidic gas absorption, these four ILs are all found to have 

notably higher process performances than the three benchmark ILs, among which 

[BeMPYO][H2PO4] and [EMIM][H2PO4] are identified as the best two absorbents. 

Beyond the highlighted task of simultaneous acid gas removal from NG, the proposed 

method could be easily extended to screen practically attractive IL absorbents for other 

gas separation tasks involving either single or multiple target components. 
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Table 1 Main results from the simulation of the continuous acidic gas removal 

processes using different ILs. 

ILs 
[DePYO] 

[H2PO4] 

[BeMPYO] 

[H2PO4] 

[PMMIM] 

[H2PO4] 

[EMIM] 

[H2PO4] 

[BMIM] 

[MeSO4] 

[BMIM] 

[PF6] 

[BMIM] 

[TCM] 

Operating 

conditions 

Column height (m) 14 13 13 12 22 24 10 

Absorber pressure (bar) 6 6 6 6 6 6 6 

IL flowrate (kg·h-1) 23000 22000 23000 24000 124000 162000 106000 

Flash-1 temperature (K) 353.15 343.15 353.15 353.15 298.15 298.15 298.15 

Flash-1 pressure (bar) 1 1 1 1 1.2 1.8 1.2 

Flash-2 temperature (K) 373.15 383.15 373.15 373.15 423.15 373.15 383.15 

Flash-2 pressure(bar) 0.3 0.4 0.3 0.3 0.3 0.3 0.3 

CH4 purity (wt%) 97.47 97.36 97.21 97.52 97.01 96.86 97.26 

CH4 recovery (%) 98.76 97.22 97.92 95.37 96.85 95.71 97.78 

CO2 fraction in product (wt%) 2.04 2.01 2.07 1.96 2.78 2.67 2.47 

H2S fraction in product (wt%) 0.48 0.63 0.62 0.51 0.21 0.47 0.27 

CO2 removal ratio (%) 90.73 89.96 88.26 91.42 84.11 85.18 86.64 

H2S removal ratio (%) 92.34 90.24 90.36 91.95 96.46 92.68 95.49 

Heat  

duty 

Heater (kW) 885.56  536.98  696.89  716.91  5278.60  3242.67  3691.44 

Flash units (kW) 785.92  470.81  649.13  617.43  5341.35  3240.31  3639.91 

Pump (kW) 5.75  4.70  5.80  5.39  28.42  27.02  25.73 

Compressor (kW) 102.39  72.82  85.91  104.44  31.36  10.48  48.39 

In total (kW) 1779.62  1085.31  1437.73  1444.17  10679.73  6520.48  7405.47  



Figure Captions 

Figure 1 Proposed method for screening ILs as absorbents for simultaneous removal of CO2 

and H2S from NG. 

Figure 2  Flowsheet of the IL-based continuous acidic gas removal process. 

Figure 3 ASDI of the involved cation-anion combinations for the individual (a) CO2/CH4 

and (b) H2S/CH4 separation. 

Figure 4 Comparison of the experimental and COSMO-SAC calculated VLE compositions 

for (a) {CO2 + H2S + [BMIM][MeSO4]} and (b) {CO2 + SO2 + [HMIM][Tf2N]} 

at around 296.00 K on IL-free basis. 

Figure 5 Comparisons of H-based ASDI (red columns) and VLE-based ASDI  (blue 

columns) of the 29 prescreened ILs for (a) CO2/CH4 and (b) H2S/CH4 separation 

(Note: the ILs are arranged differently on the x axis in (a) and (b) for clear 

comparison). 

Figure 6  VLE-based ASDI  for CO2/CH4 and H2S/CH4 of the 29 prescreened ILs. 

Figure 7 Effect of the column height on (a) the mass purity and recovery of CH4 and (b) the 

removal of CO2 and H2S. 

Figure 8 Effect of the absorber pressure on (a) the mass purity and recovery of CH4 and (b) 

the removal of CO2 and H2S. 

Figure 9 Effect of the IL flow rate on (a) the mass purity and recovery of CH4 and (b) the 

removal of CO2 and H2S. 

Figure 10 Effect of the operating temperature and pressure of Flash-1 on (a) the CH4 mass 

purity in the purified gas and (b) the CH4 recovery. 

Figure 11 Effect of the operating temperature and pressure of Flash-2 on (a) the CH4 mass 

purity in the purified gas, (b) the CH4 recovery and (c) the regenerated IL mass 

purity. 
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