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PAPER INFO ABSTRACT
Article history: Sulfur in fuel is one of the main sources of pollutants that cause environmental problems.
Received: 08/Sep/2024 In addition, the presence of sulfur impurities leads to corrosion problems in refinery units

Revised: 01/Dec/2024

Accepted: 22/Dec/2024 and deactivation of the catalyst used in refineries; therefore, desulfurization of fuel is very

necessary. The use of green technologies to solve this problem is of interest to many
researchers. Deep eutectic solvents (DES) are considered as solvents similar to ionic
liquids and have attracted increasing attention in separation and extraction processes due
to their features such as environmental compatibility and very low price. In this study, a
Choline chloride, deep eutectic solvent (DES) was prepared by mixing triethanolamine (TEOA) as the
Triethanolamine, hydrogen bond donor (HBD) and choline chloride (ChCl) as the hydrogen bond acceptor
Polyethylene glycol. (HBA). This DES was then used in extractive desulfurization to remove thiophene (Th).
The results were compared with those obtained when TEOA acted as the HBA in the DES
and the efficiency of TEOA in both HBD and HBA roles in desulfurization was evaluated.
Response surface methodology (RSM) was used to model and optimize the extraction
process. Three operating parameters affecting desulfurization, the DES component ratio
(HBA: HBD), the initial sulfur content, and the mass ratio of DES to model fuel
(DES:MF), were selected. Under optimal operating conditions for both DES, the
maximum extraction efficiency in one stage was 70.3 and 71.8%, respectively.
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Independent parameters

Run (DES1)? (DES2)
A B C Experimental Predicted Experimental Predicted

1 4 400 2 43.9 43.9 28.1 28.3
2 3 300 3 57.5 57.6 50.9 50.7
3 3 500 5 26.5 26.4 30.0 30.2
4 4 600 4 17.8 18 26.2 26.0
5 3 500 3 32.8 32.6 27.2 27.9
6 4 600 2 30.7 30.8 24.4 24.0
7 3 700 3 21.6 215 32.3 32.8
8 1 500 3 34.3 34.4 27.1 27.0
9 4 400 4 42.3 42.4 42.5 42.3
10 3 500 3 33 32.6 28.8 27.9
11 3 500 3 32.3 32.6 27.1 27.9
12 5 500 3 28 27.9 24.0 24.2
13 3 500 3 325 32.6 28.7 27.9
14 2 600 4 17.2 17.3 23.3 22.8
15 2 600 2 39.6 39.5 32.8 32.8
16 2 400 4 40.3 40.2 36.1 36.3
17 3 500 3 32.5 32.6 27.4 27.9
18 3 500 1 50 50.1 26.3 26.3
19 3 500 3 32.8 32.6 27.9 27.9
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A: DES ratio; B: Initial sulfur content; C: Model fuel ratio
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Source DF Adj SS Adj MS F-Value p-Value
Model 9 841.862 93.540 245.18 0.000
Linear 3 344.977 114.992 301.41 0.000
A 1 8.266 8.266 21.67 0.001
B 1 321.306 321.306 842.18 0.000
C 1 15.406 15.406 40.38 0.000
Square 3 350.292 116.764 306.05 0.000
A*A 1 8.117 8.117 21.28 0.001
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Error 10 3.815 0.382

Lack-of-Fit 5 1.000 0.200 0.36 0.860
Pure Error 5 2.815 0.563

Total 19
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Variable DES1 DES2
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So(ppm, B) 300 300
DES:MF(C) 1 5

R % (predicted) 73.63 76.33
R % (experimental) 70.2 71.8
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DES .~ Toxic Conditions R(%) Ref.
ratio content(ppm)
T:30°C,

TEOA:PEG 1:1 No 300 t=60min, 70.3
m=1:1
T:25°C,

TBAC:PEG 1:2 Yes 500 t=15min, 63 [30]
m=1:1
T:30°C,

TBAB:PEG 1:2 Yes 500 t=15min, 58 [30]
m=1:1
T:25°C,

TBAB:PEG 1:2 Yes 500 t=30min, ~55 [31]
m=1:1
T:30°C,

ChCI.TEOA 15 No 300 t=60min, 71.8 [20]
m=1:1
T:25°C,

ChCI:PEG 1:4 No 500 t=15min, 50 [30]
m=1:1
T:40°C,

ChCI:Ph 1:4  Yes 500 t=40min, 91.5 [32]
m=2.5:1
T:25°C,

ChCI: EG 1:2 No 500 t=90min, 40 [33]
m=1:2
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