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Highlights:
- The use of ILs for denitrogenation outperforms the traditional method.
- ILs offer high selectivity while effectively minimizes cross contamination.

- ILs are capable in extracting both basic and non-basic nitrogen compound.

Abstract:

The removal of nitrogen-containing aromatic compounds from diesel is critical for meeting
stringent fuel quality and emissions standards. Conventional hydrodenitrogenation (HDN) has
limitations in removing these contaminants, which prompted the exploration of alternative
separation methods. This study focuses on the extractive denitrogenation of model diesel using
ionic liquids (ILs), screened computationally via the Conductor-like Screening Model for Real
Solvents (COSMO-RS). Eight ILs were initially evaluated for their ability to extract the non-
basic aromatic nitrogen compound, pyrrole from a model diesel system consisting of
hexadecane. Screening results identified 1-ethyl-3-methyl-imidazolium dicyanamide and 1-
ethyl-3-methyl-pyridinium bromide as the most effective ILs based on selectivity and capacity

respectively. These ILs were subsequently evaluated for the extraction of the basic nitrogen
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compound, pyridine. The performance of the selected ILs in extracting pyrrole and pyridine
was compared with that of the conventional organic solvent dimethylformamide (DMF) using
selectivity and capacity as key metrics. These results demonstrate that both ILs outperform
DMF with its respective metrics. A final evaluation was conducted by analyzing the ternary
liquid-liquid equilibrium (LLE) system. Ternary LLE analysis revealed negligible hexadecane
content in the IL extract phase which implied minimal cross-contamination. In contrast, the
DMF system showed significant solvent presence in the hexadecane-rich phase which
confirmed notable cross-contamination. Overall, this work demonstrates the superiority of ILs
over organic solvents such as DMF for extractive denitrogenation which supports a promising
alternative for cleaner fuel production. The present study completes the computational
screening of promising ILs using a highly reliable tool which could guide subsequent

experimental works for users with limited computational resources.

Keywords: Liquid-liquid extraction; lonic Liquids; Aromatic nitrogen compounds; Diesel,
COSMO-RS

1. Introduction

Nitrogen-containing compounds in liquid fuels are recognized as key precursors to nitrogen
oxides (NOx), which are formed during combustion at elevated temperatures (Anugwom et al.,
2011). NOx emissions are associated with adverse environmental and health impacts, including
acid rain formation, reduced atmospheric visibility due to particulate nitrates, and respiratory
diseases upon prolonged exposure (Manisalidis et al., 2020; Thurston, 2025). Consequently,
the effective removal of nitrogen compounds from liquid fuels remains an important objective
in fuel upgrading and emission control. Hydrodenitrogenation (HDN) is the most commonly
applied industrial technique for nitrogen removal. However, this process suffers from several
inherent limitations, including the requirement for expensive catalysts based on cobalt, nickel,
and molybdenum, severe operating conditions involving high pressure and temperature, and
substantial hydrogen consumption (Zolotareva et al., 2019). Furthermore, HDN is particularly
ineffective for cyclic and aromatic nitrogen-containing compounds due to steric hindrance on
catalyst surfaces, resulting in incomplete nitrogen removal (Salleh et al., 2018). These
drawbacks motivate the search for alternative, economically viable, and milder denitrogenation
approaches. Extractive denitrogenation (EDN) has gained attention as a complementary or
alternative technique because it operates under mild temperature and pressure conditions and

requires lower energy input (Zhou et al., 2017). Previous studies have demonstrated the
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feasibility of EDN using organic solvents such as ethanol and N-methylformamide, which
show favorable selectivity and capacity for nitrogen compounds (Cha et al., 2019; Hwang et
al., 2007). Although these organic solvents exhibit favorable capacities and selectivities, their
industrial application is limited by issues such as flammability, toxicity, and environmental and
health hazards (Poole, 2020). These concerns highlight the need for safer and more
environmentally benign extraction solvents. lonic liquids (ILs) have emerged as promising
alternatives due to their negligible vapor pressure, strong solvating ability, and tunable
physicochemical properties. Their structural versatility enables targeted interactions with
aromatic nitrogen compounds, making them attractive candidates for EDN applications (Ding
et al., 2023; Muniandy & Ramalingam, 2022). Many reported studies rely heavily on
experimental approaches, which are time-consuming and costly. Thus, this study takes the
advantage of computational methods such as the Conductor-like Screening Model for Real
Solvent (COSMO-RS) in order to pre-screen and rank potential ILs that has not been explored
yet in this application. The extractive performance of the selected ILs is evaluated by
determining their capacity (Coo) and the selectivity (Soo) at infinite dilution towards the target
nitrogen compound. This work is organized as follows. First, several IL combinations were
screened, and their extractive performance was assessed toward pyrrole compound. Next, the
best-performing ILs, as identified from the computational analysis, were further evaluated for
their extraction capability toward pyridine compounds. The performance of these ILs for both
pyrrole and pyridine was then compared with that of conventional organic solvents. Finally,
ternary liquid-liquid equilibrium (LLE) diagrams were constructed to assess the extraction
efficiency and to examine solvent cross-contamination in the model oil system. This work
provides a computational basis for rational solvent selection and supports the development of
efficient extractive denitrogenation processes.

2. Materials and Methods

Researchers most frequently use pyridine and pyrrole as the representative for basic and non-
basic nitrogen compounds in denitrogenation experiments (Yuan et al., 2025). On that basis,
the computational screening will prioritise both nitrogen compounds for comparative
assessment between ILs and organic solvent. The chosen cations comprise of alkyl chains of
ethyl and butyl. This is because, ILs with short alkyl chains are more favourable in extracting
aromatic compound (Rezaei Motlagh et al., 2020). The cations and anions selected for this
study are outlined in Table 1 and Table 2, respectively. The anions chosen are frequently found

in the literature, although not necessarily applied for this specific application.
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Table 1. List of cations investigated in this study

No Name Abbreviation
1 1-ethyl-3-methylimidazolium [C,mim]*
2 1-butyl-3-methylimidazolium [C,mim]*
3 1-ethyl-3-methyl-pyridinium [Compyr]*

Table 2. List of anions investigated in this study

No Name Abbreviation
1 Tetrafluoroborate [BF,]~

2 Dicyanamide [N(CN),]~
3 Ethyl sulfate [EtSO,4]™

4 Bis (trifluoromethyl sulfonyl) [Tf,N]~

imide

5 Methane sulfonate [MeSO;]~

6 Chloride [Cl]™

7 Bromide [Br]~

2.1. Prediction theory

The IL predictions employed the electroneutrality approach, whereby the IL is treated as fully

dissociating into its constituent ions. This is represented by Equation (1):

P1,(0) = Panion(8) + Peqtion(0) (1)

2.2. Computation

To utilize the COSMO-RS programme, the molecular structures of all components were
initially constructed using the TURBOMOLE molecular builder (TMoleX, version 4.0.1), as
several molecules were not present in the existing database. Geometry optimization was
conducted at the Hartree—Fock level utilizing the 6-31G basis set. This was followed by single-
point calculations performed with density functional theory (DFT) using the Becke—Perdew
functional and the triple-zeta valence polarized (TZVP) basis set, to yield the final cosmo files.

These files contain the screening charge density (o) information for each molecule within a

84



Mat Salleh et al. JETA 2026, 11 (1) 81 - 96

virtual conductor. The resultant cosmo files were subsequently imported into COSMOthermX
(version 19.0.4) for the evaluation of thermodynamic properties using the
BP_TZVP_C30 1301 parameterization. The logarithmic activity coefficients (In(y)) obtained
for the binary mixtures were used to calculate subsequent properties. Specifically, the capacity
(C0) and the selectivity (Soo) at infinite dilution were determined according to Equations (2)
and (3), where y;”is the activity coefficient of pyrrole at infinite dilution and y3° is the activity

coefficient of hexadecane at infinite dilution.

€)=~ @
=
o V2
=2 @)

This screening study will first identify the best performing ILs based on the Coo and Sco of
pyrrole compound only. Subsequently, the best-performing ILs identified from this initial
analysis will be used to assess their extractive performance with pyridine. Finally, in the place
of ILs, DMF will be substituted as solvent to again assess its performance to extract pyrrole

and pyridine.

LLE predictions were performed for ternary (ILs/DMF + pyridine/pyrrole + hexadecane) at
specified temperatures and atmospheric pressure. Initial feed compositions were input, and the
software calculates the activity via pairwise c-profile interactions, yielding equilibrium tie-

lines, phase compositions, distribution coefficients (D) or capacity and selectivity (S).
3. Results and discussion
3.1. lonic liquids (ILs) screening result

The capacity (Coo) and the selectivity (Soo) at infinite dilution are determined by the structure
of its cation and anion and their subsequent interactions with the feed mixture. In that
regard, Coo quantifies a solvent's capacity to extract the component of interest, irrespective of
its specificity. This implies that while targeting pyrrole, the solvent may also co-extract
hexadecane or other nitrogen compounds present in the mixture. Soo, on the other hand, refers
to a solvent's specificity for its target compound over others. Theoretically, this usually means
that a solvent with high selectivity reduces the possibility of cross-contamination (A. Fattah et
al., 2022).
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The IL with the highest Coo is [C,mpyr]Br. IL of pyridinium cations and bromide anions
displayed the highest capacity compared to seven other ILs of imidazolium cations and
tetrafluoroborate, dicyanamide, ethyl sulfate, bis-trifluoromethyl sulfonyl imide, methane
sulfonate, chloride, and bromide anions, respectively. The capacity trend for ILs in order:
[C,mpyr|Br > [C,mim][MeSO;] > [C,mim]Br > [C,mim]EtSO, > [C,mim N(CN), >
[C4mim]N(CN), > [C,mim]BF,, > [C,mim]Tf,N.

The ILs with the highest Sco is [C,mim]N(CN),, followed by [C,mim]BF,, [C,mim]N(CN),,
[C,mim]EtSO,, [C,mim][MeSO;] [C,mim]Tf,N, [C,mim]Br and the lowest selectivity is
shown by [C,mpyr]|Br. As for the selectivity trend at infinite dilution, COSMO-RS output
showed that the chain length of the alkyl cation influences the selectivity of [C,mim]N(CN),
and [C,mim]N(CN),. For the same anion, shorter alkyl chains were found to produce higher
extraction selectivity. These results were consistent with findings from other researchers who
studied the effect of alkyl chains on the effectiveness of separating aromatic compounds
(Cassol et al., 2007).

3.2. Ternary LLE result

Ternary liquid-liquid equilibrium (LLE) was conducted with the highest-performing ILs,
[C,mpyr]Br and [C,mim]N(CN),, first on a hexadecane-pyrrole mixture. The same process
was then applied to a hexadecane-pyridine mixture to determine whether the ILs were more
successful at extracting pyridine or pyrrole. A mass-based feed concentration of nitrogen
compounds ranging from 5% to 60% was plotted against the tie-lines of several ternary
systems. Inall ternary LLE systems, the extract phase was rich in ILs and contained negligible
hexadecane, whereas the raffinate phase was hexadecane-rich and contained only trace
amounts of IL. This observation supports the conclusion that there is negligible cross-
contamination between the extract and raffinate phases. The ternary LLE tie-lines comprising
both ILs predicted by COSMO-RS are depicted in the Tables 3 and 4 respectively, where the

concentration of ILs, aromatic nitrogen compounds and hexadecane were recorded.

Figure 1 and Figure 2 display the ternary LLE phase diagrams comprising [Comim] N(CN):..

The ternary phase diagrams imply Type 1 phase behavior for all LLE systems, where one of
the binary systems exhibits partial immiscibility and there is only one immiscibility region.
Based on Figures 1 and 2, the positive slopes of the tie-lines indicate that only a small amount

of solvent is required to extract the aromatic nitrogen compounds from the model diesel.

86



Mat Salleh et al. JETA 2026, 11 (1) 81 - 96

Comparatively, the slopes are more positive in systems containing the non-basic nitrogen

compound.

The concentration of pyrrole in the raffinate phase of [Comim] N(CN). (1) + pyrrole (2) +
hexadecane (3) system is lower than the concentration of pyridine in the system [Comim]
N(CN)2 (1) + pyridine (2) + hexadecane (3). A similar trend is also shown in ternary system
comprising [Campyr] Br. This result indicates that efficient separation of pyrrole from the feed
mixture can be achieved without a substantial increase in IL dosage, even at higher pyrrole
concentrations. In contrast, pyridine at higher concentrations would require a higher amount of

IL to allow successful separation from hexadecane.

Table 3. Tie lines from COSMO-RS for systems of [Compyr] Br

Hexadecane rich phase IL-rich phase D S

X1 X2 X3 X1 X2 X3

System [C2mpyr] Br (1) + pyrrole (2) + hexadecane (3)

0.0000 0.0002 0.9998 0.9190 0.0691 0.0119 311 26155

0.0000 0.0005 0.9995 0.8637 0.1299 0.0063 260 40922

0.0000 0.0009 0.9991 0.8132 0.1835 0.0033 215 65106

0.0000 0.0013 0.9987 0.7674 0.2308 0.0018 179 100388
0.0000 0.0018 0.9982 0.7260 0.2729 0.0010 151 146137
0.0000 0.0024 0.9976 0.6887 0.3107 0.0006 129 199706
0.0000 0.0031 0.9969 0.6549 0.3447 0.0004 113 258008
0.0000 0.0038 0.9962 0.6242 0.3754 0.0003 99 316730
0.0000 0.0045 0.9955 0.5963 0.4035 0.0002 89 373440
0.0000 0.0054 0.9946 0.5707 0.4291 0.0002 80 423663
0.0000 0.0062 0.9938 0.5472 0.4526 0.0002 73 466717
0.0000 0.0071 0.9929 0.5256 0.4743 0.0001 67 500788

System [Compyr] Br (1) + pyridine (2) + hexadecane (3)

0.0000 0.0106 0.9893 0.9301 0.0553 0.0146 5.20 351.88
0.0000 0.0217 0.9783 0.8844 0.1053 0.0102 4.86 465.14
0.0000 0.0332 0.9668 0.8422 0.1507 0.0072 4.54 611.31
0.0000 0.0451 0.9549 0.8030 0.1919 0.0052 4.25 788.10

87



Mat Salleh et al. JETA 2026, 11 (1) 81 - 96

0.0000 0.0573 0.9427 0.7667 0.2295 0.0038 4.01 987.60

0.0000 0.0695 0.9305 0.7330 0.2640 0.0030 3.80 1198.43
0.0000 0.0815 0.9184 0.7017 0.2959 0.0024 3.63 1408.39
0.0000 0.0933 0.9067 0.6726 0.3254 0.0020 3.49 1606.66
0.0000 0.1046 0.8953 0.6455 0.3528 0.0017 3.37 1785.13
0.0000 0.1155 0.8845 0.6202 0.3783 0.0015 3.28 1938.34
0.0000 0.1257 0.8743 0.5965 0.4021 0.0014 3.20 2063.49
0.0000 0.1354 0.8646 0.5744 0.4244 0.0013 3.14 2160.52

- Pyrrole
|- O~ Pyridine

0.0

= ; , ———r - , 0.0
00 01 02 03 04 05 06 07 08 09 10

[C>mpyr]Br

Figure 1. Ternary phase diagram for [Compyr]Br (1) + pyrrole (2) + hexadecane (3) system
and [Compyr]Br (1) + pyridine (2) + hexadecane (3) system

Table 4. Tie lines from COSMO-RS for systems of [C2 mim] N(CN):

Hexadecane rich phase IL-rich phase D S

X1 X2 X3 X1 X2 X3

System [C2mim] N(CN)2 (1) + pyrrole (2) + hexadecane (3)
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0.0000 0.0013 0.9987  0.9385 0.0615  0.0000  48.83 8366929

0.0000 0.0026 0.9973  0.8841 0.1159  0.0000  44.08 8725221

0.0000 0.0041 0.9959  0.8356 0.1644  0.0000  40.29 8639163

0.0000 0.0056 0.9944  0.7922 0.2079  0.0000 37.38 8275628

0.0000 0.0071 0.9929  0.7530 0.2470  0.0000 34.94 7702679

0.0000 0.0086 0.9914  0.7174 0.2826  0.0000  32.93 7037729

0.0000 0.0101 0.9899  0.6851 0.3149  0.0000  31.27 6352404

0.0000 0.0116 0.9884  0.6555 0.3445  0.0000 29.83 5677044

0.0000 0.0130 0.9870  0.6283 0.3717  0.0000 28.59 5046725

0.0000 0.0144 0.9856  0.6033 0.3967  0.0000 27.51 4470828

0.0000 0.0158 0.9842  0.5802 0.4198  0.0000  26.55 3955272

0.0000 0.0172 0.9828  0.5588 0.4412  0.0000 25.71 3499728

System [C2mim] N(CN)2 (1) + pyridine (2) + hexadecane (3)

0.0000 0.0212 0.9788  0.9542 0.0458  0.0000 2.16 266059.80

0.0000 0.0410 0.9589  0.9116 0.0884  0.0000 2.15 232581.47

0.0000 0.0593 0.9406  0.8718 0.1282  0.0000 2.16 199703.41

0.0000 0.0760 0.9239  0.8345 0.1655  0.0000 2.18 169301.17

0.0001 0.0911 0.9088  0.7996 0.2004  0.0000 2.20 142463.57

0.0001 0.1047 0.8953  0.7668 0.2331  0.0000 2.23 119457.05

0.0001 0.1168 0.8831  0.7361 0.2638  0.0000 2.26 100093.94

0.0001 0.1276 0.8723  0.7073 0.2926  0.0000 2.29 83969.65
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0.0001 0.1371 0.8628  0.6803 0.3197 0.0000 2.33 70689.74

0.0001 0.1456 0.8543  0.6550 0.3450 0.0000 2.37 59751.24

0.0001 0.1531 0.8468  0.6312 0.3688  0.0000 241 50772.61

0.0001 0.1597 0.8402  0.6089 0.3911  0.0000 2.45 43388.81

—— Pyrrole ‘
[~ O~ Pyridine|

0.0

= = - T — . , . 0.0
00 01 02 03 04 05 06 07 08 09 10

[Comim]N(CN,)

Figure 2. Ternary phase diagram for [Comim]N(CNz) (1) + pyrrole (2) + hexadecane (3)
system and [Comim]N(CNy) (1) + pyridine (2) + hexadecane (3) system

3.3. Results comparing selected ILs with organic solvents

To assess the potential of ILs as an alternative solvent, the organic solvent DMF was used as a
reference. The ternary LLE tie-lines of organic solvent, DMF from COSMO-RS are shown in
Table 5, where the concentrations of DMF, pyrrole, pyridine, and hexadecane were recorded.
Figure 3 shows the ternary LLE phase diagram consisting of DMF. As shown in Figure 3, a
significant concentration of DMF is present in the raffinate phase, confirming solvent cross-
contamination. This complicates post-extraction solvent recycling, which contrast to the IL

systems where IL concentration in the hexadecane-rich raffinate layer is negligible.

90



Mat Salleh et al. JETA 2026, 11 (1) 81 - 96

Table 5. Tie lines from COSMO-RS for DMF (1) + pyrrole (2) + hexadecane (3) system

Hexadecane rich phase DMF-rich phase D S

X1 X2 X3 X1 X2 X3

System DMF (1) + pyrrole (2) + hexadecane (3)

0.1748 0.0017 0.8235 0.9108 0.0521 0.0372 30.59 677.62

0.1591 0.0033 0.8377 0.8726 0.0991 0.0283 30.28 895.65

0.1449 0.0048 0.8504 0.8363 0.1415 0.0222 29.77 1139.66
0.1321 0.0062 0.8618 0.8022 0.1800 0.0179 29.17 1406.46
0.1205 0.0075 0.8719 0.7703 0.2150 0.0147 28.55 1692.37
0.1102 0.0088 0.8810 0.7406 0.2470 0.0123 27.94 1993.49
0.1008 0.0101 0.8890 0.7130 0.2764 0.0105 27.35 2305.92
0.0925 0.0113 0.8962 0.6873 0.3036 0.0091 26.79 2625.96
0.0850 0.0125 0.9025 0.6632 0.3288 0.0080 26.25 2950.18
0.0782 0.0137 0.9081 0.6407 0.3521 0.0071 25.73 3275.44
0.0721 0.0148 0.9131 0.6197 0.3739 0.0064 25.24 3599.32
0.0667 0.0159 0.9174 0.5999 0.3943 0.0058 24.77 3919.05

System DMF (1) + pyridine (2) + hexadecane (3)

0.1842 0.0103 0.8055 0.9116 0.0416 0.0469 4.0332 69.3260
0.1767 0.0200 0.8033 0.8762 0.0799 0.0438 4.0016 73.3079
0.1698 0.0291 0.8011 0.8432 0.1155 0.0413 3.9710 77.0779
0.1634 0.0377 0.7989 0.8125 0.1485 0.0391 3.9414 80.6281
0.1574 0.0458 0.7968 0.7837 0.1792 0.0371 3.9132  83.9559
0.1518 0.0535 0.7947 0.7568 0.2078 0.0355 3.8863  87.0633
0.1466 0.0607 0.7926 0.7315 0.2345 0.0340 3.8608  89.9563
0.1418 0.0676 0.7906 0.7077 0.2595 0.0327 3.8365 92.6426
0.1372 0.0742 0.7886 0.6854 0.2830 0.0316 3.8135 95.1318
0.1329 0.0804 0.7867 0.6643 0.3050 0.0306 3.7918 97.4340
0.1288 0.0864 0.7848 0.6445 0.3258 0.0297 3.7713  99.5608
0.1250 0.0921 0.7829 0.6257 0.3454 0.0289 3.7518 101.5235
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—l— Pyrrole
- O~ Pyridine

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Dimethylformamide (DMF)

Figure 3.Ternary phase diagram for DMF (1) + pyrrole (2) + hexadecane (3) system and
DMF (1) + pyridine (2) + hexadecane (3) system

3.4. Assessment of capacity and selectivity at infinite dilution

The impacts of utilizing various solvents in extracting pyrrole based on capacity (Coo) and the
selectivity (Soo) at infinite dilution are analyzed in this section. With the use of Coo, it is possible
to quantify how the solute is distributed between the extract phase and the raffinate phase. A
high value of Coo is desired, as it results in a reduced extraction column diameter, a lower
solvent to feed ratio, and cheaper capital expenditures. Conversely, the Sco of the solvent
quantifies the affinity of the nitrogen compound towards the solvent in the fuel mixture model.
High Sco of ILs toward nitrogen is important as it reduces the number of separation stages
required, thereby lowers capital costs. Figures 4 and 5 depicts the profiles of Coo and Soo,
respectively. Among all the solvents that were evaluated, the values of Coo for pyrrole are as
follows: [C,mpyr]Br > [C,mim] N(CN), > DMF, with obvious changes shown in [C,mpyr]
Br-based IL. For both ILs, the increase in pyrrole concentration in the raffinate phase leads to
a decrease in the Coo. This is because ILs approaches its solvation capacity which reduces its

extraction efficiency at higher raffinate concentrations.
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The selectivity values in Figure 5 do not show a clear trend with increasing pyrrole
concentration in the raffinate phase. It should be noted that an IL with high selectivity is not
necessarily complementary to one with high capacity, as they serve different functions in the
separation process. The favorable values of Coo and Sco for the nitrogen compounds using ILs
in this study can be attributed to hydrogen bonding between the nitrogen compounds and the
anions as well as CH-r interactions between the nitrogen compounds and the [C,mim] and
[C,mpyr] cations. For both capacity and selectivity assessment, only one IL demonstrates a
clearly superior extraction performance compared to DMF. The second IL exhibits comparable
behaviour to DMF overall, however, at specific molar ratios, its properties approaches that of
DMF, and in some cases slightly exceeds it. This indicates that even the less effective IL

performs at least on par with, or marginally better than, DMF.

w
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o
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o

200
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a
o

0
000 005 010 015 020 025 030 035 040 045 050

Molar concentration of pyrrole in raffinate phase

Capacity at infinite dilution (Coo )

—8—[C2mpyr] Br [C2mim] N(CN)2 DMF

Figure 4. Graph of Ce vs. molar concentration of pyrrole in the raffinate phase
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—— [C2mpyr] Br [C2mim] N(CN)2 DMF
Figure 5. Graph of Sco vs. molar concentration of pyrrole in the raffinate phase

4. Conclusion

In this study, the COSMO-RS programme was applied as a computational screening tool to
evaluate eight ILs for the extractive removal of aromatic nitrogen compounds from a model
diesel system. For pyrrole extraction from hexadecane, 1-ethyl-3-methylpyridinium bromide
exhibited the highest solvent capacity, while 1-ethyl-3-methylimidazolium dicyanamide
showed the highest solvent selectivity. Ternary LLE analysis for the selected ILs revealed
negligible hexadecane content in the IL-rich extract phase, indicating minimal cross-
contamination between the extract and raffinate phases. All ternary phase diagrams displayed
Type | behavior with positive tie-line slopes, demonstrating that effective separation of
nitrogen compounds can be achieved with relatively small amounts of IL. The tie-line slopes
were more positive for systems containing non-basic nitrogen compounds compared to those
containing basic nitrogen compounds. This emphasize on differences in extractive behavior
based on nitrogen functionality. Solvent performance was quantitatively assessed using Coo
and Soo, and the results consistently showed superior performance of the selected ILs compared
to the conventional organic solvent DMF. This work is limited to computational assessment
using COSMO-RS and does not include experimental validation or molecular-level interaction
analysis. In addition, this screening procedure is intended for qualitative ranking rather than
quantitative prediction. This means that although ILs are computationally predicted to
outperform DMF, the actual magnitude of this improvement in practice may be less than the

model suggests. Even so, the findings demonstrate the suitability of COSMO-RS for
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performance-based solvent screening and provide a practical basis for selecting promising ionic

liquids for future experimental investigation in extractive denitrogenation applications.
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