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Figure 1 (Color online) Chemical structures of ionic liquids (ILs)
used in this study.
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Table 1  Information of chemicals used in this study Table 2 Composition of the simulate C6 fraction of FCC gasoline
RH B BB B (wt.%) Hiy B Wt%)
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[(OH)EMIM][NT£,]? ICETAN 98 ES 5.0
[BMPY][NT£,]" [CES 98
BMPY][TCM]® Tolitec GmbH 98 . . . Ly .
[BMPY][TCM] olitec Gm 90 °C, 1##F1 min, LA30 ‘C/minfHEZE280 'C, 1R
HT Ena N >99.0 5 mi
LT T >99.0 — B o .
e WTH T = 990 R UM FHAE 42 A 20 53 i A e it 22 40L& 2 o
PR e T 98 FE3FTR, M RBR > 0.9997 B LM 56 R 1T
3-FR AR BilRL T 99 RIEZE R (E)MAERMR) S A& &, Hat
LR T B T 96 ()R Z AT R AR R BT o i R, AR e X
1 - 1R LR A BTp: T > 98 (4TSI () iR e B R 5
H (GEAN >99.3 CE
. [GEvN >995 = x—lR 2)
a) [EMIM][SCN] = 1-ethyl-3-methylimidazolium thiocyanate, 1-Z £
F-3-FF LKA F AR £ b) [EMIM][DCA] = 1-ethyl-3-methylimida- D _ Zi#benzenexi 3)
zolium dicyamide, 1-Z,%&-3-FFZE KM 1% 2E; ¢) [BMIM][DCA] = i#benzene Z xf
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Table 3  Fitting parameters of calibration curves for components of the extract phase and the raffinate phase
Y14y B R
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Figure 2 (Color online) Schematic diagram of multi-stage counter-

current extraction.
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Table 4 Distribution coefficients (D) of each component in model C6 fraction of FCC gasoline and selectivity coefficients () of benzene/olefin and

benzene/non-benzene with extractants

BRG] - - b - — - 5
2-HIIERE 3-HERE O FARERRAE 1-HURER A PS RINER AR
298.15K
TR 0.0041 0.0050 0.0122 0.0405 0.4920 122 327
AR, 0.0108 0.0128 0.0302 0.0796 0.6382 8.0 20.6
[EMIM][SCN] 0.0009 0.0012 0.0033 0.0096 0.2293 239 62.0
[EMIM][DCA] 0.0016 0.0057 0.0053 0.0125 0.2628 21.0 419
[BMIM][DCA] 0.0050 0.0064 0.0124 0.0222 0.3700 16.7 33.0
[EMIM][NT®] 0.0031 0.0040 0.0081 0.0187 0.2963 159 374
[(OH)EMIM][NTE] 0.0066 0.0083 0.0129 0.0239 0.1688 7.1 13.7
[BMPY][NT%,] 0.0128 0.0150 0.0352 0.0411 0.5039 12.3 219
[BMPY][TCM] 0.0115 0.0136 0.0274 0.0598 0.7498 12.8 28.5
313.15K
TR 0.0035 0.0046 0.0138 0.0370 0.4725 12.8 342
[EMIM][SCN] 0.0015 0.0019 0.0040 0.0099 0.2082 21.1 497
[EMIM][DCA] 0.0021 0.0051 0.0059 0.0121 0.2431 20.1 39.1
[BMIM][DCA] 0.0052 0.0065 0.0128 0.0250 0.3531 14.1 29.5
[BMPY][NT£,] 0.0202 0.0222 0.0322 0.0456 0.4957 10.9 17.1
[BMPY][TCM] 0.0107 0.0126 0.0266 0.0522 0.6664 12.8 273
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Figure 3 (Color online) Residual benzene concentration ((a) sulfolane; (b) [EMIM][SCN]) and non-benzene component yield ((c) sulfolane;
(d) [EMIM][SCN]) in multi-stage countercurrent extraction. Black symbols, S/F=1; red symbols, S/F=2; blue symbols, S/F=3; green symbols, S/F=4;

purple symbols, S/F=5 (from top to bottom).
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Extractive separation of benzene and non-benzene components from
benzene-rich C6 fraction of FCC gasoline using ionic liquids
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Abstract: As health and environmental concerns become increasingly prioritized, countries and regions are imposing

stricter regulations on the benzene content in automotive gasoline due to its carcinogenic nature. Catalytic cracking

gasoline (FCC gasoline) is the primary component in China’s automotive gasoline pool and the major source of benzene.

FCC gasoline is characterized by its large volume, low benzene content, and high olefin content, making direct benzene

removal challenging. However, the C6 fraction of FCC gasoline has a higher benzene content and a simpler

composition, which enhances the efficiency and cost-effectiveness of benzene removal when used as the starting

material. This study aims to reduce the benzene content in the C6 fraction of FCC gasoline. We investigated the effects

of ionic liquid structure (cation core and substituents, anion) and temperature on the single-stage extraction efficiency of

removing benzene from a model system. Additionally, we compared the performance of 1-ethyl-3-methylimidazolium

thiocyanate ([EMIM][SCN]) and sulfolane as extractants, and examined the impact of various extractant-to-feed ratios

and theoretical plate numbers in multi-stage countercurrent extraction on benzene removal efficiency and gasoline

recovery. The results demonstrate that ionic liquids have the potential as alternatives to conventional organic solvents in

removing benzene from FCC gasoline.

Keywords: ionic liquids, benzene, FCC gasoline, multi-stage extraction, selectivity
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