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Abstract: Four kinds of ionic liquids (ILs) with different carbon chain length and saturation of N-substituent groups:
1-butyl-3-methylimidazolium chloride (BMImCI), 1-allyl-3-methylimidazolium chloride (AIMImCI), 1-benzyl-3-
methylimidazolium chloride (BzZMImCI) and 1-octyl-3-methylimidazolium chloride (OcMImCl), were synthesized by
direct quaternization of N-methylimidazole with corresponding alkyl chloride. The distribution coefficient of
carbazole (CAR) and dibenzothiophene (DBT) between the ILs phase and the model fuel phase and the extraction

selectivity of the ILs for CAR and DBT were determined using a dibenzothiophene and carbazole solution in toluene
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and n-dodecane as a model fuel. The results show that CAR has higher distribution coefficient than DBT in these ILs
phases. The CAR distribution coefficients in BMImCI and AIMImCI are 46 and 14, and the selectivity of CAR/DBT
is 125 and 38, respectively. The solubility of ILs in the model fuel was determined to be remarkably different.
BMImCI shows both very low solubility in the model fuel and the best extraction property for CAR. The extraction
efficiency of BMImCI for some different N heterocyclic compounds was further observed. It is showed that its
extraction efficiency for both S-compounds and the basic N-compounds is decreased with increasing mass fraction of
toluene in the model fuel, while its extraction efficiency for neutral N-compounds is almost stable. For a diesel fuel
containing 361 mg-kg™ of N and 3598 mg-kg™ of S, the BMImCI shows 38% extraction efficiency for the neutral N-
compounds, while only 1.7% extraction efficiency for the S-compounds. In conclusion, BMImCI has a very highly

selective extraction for neutral N-compounds in the diesel oil.
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Fig.1  Nitrogen-containing compounds in petroleum.

UTAF K AR 9 75 12 8 Wt B A1 3k 48 23 b BT
AR EAY SR T AT G, AT E
KW S 1 S R0 4 A B TR el S 1 9
PARUAI3GE 1 Shy Wi A 700 38 3 90 -9k 2 I e sl )
4 J8 B W A AR O] DB BR P & A Ak A
FH L 2 0 e FE AR (CHAL A AgBF) (i 558 AL A AL 5 )
BESE A IF LRI Agl DUTE | SR 5 1 52 A1 IR 5wl fb 25 4

JBEBARU-191 SR 3 ik 8 I R A 0 S A e
RALG W, i F ot & BAL G W, 6Bk AR ik
PEVEADAERAR

B WA R AL BH B A ALE S HLB S
TS, Hoh LI F R BF, 1 PR Y
TR E W, SRS iR, B
WAV 200, 28R AR AR HL7E 58 1 32 30 Rl 2 PR
FE MY S 7 WA A 8 1) 15 580 DR D07 e e 1R
B O3B 07 AR A A R0 ARy B XE A ) A AL
Py ) A A s A BT ARIE , R
A AR s AR A AR (ELIX S B IR R R
U B B 5 (BF, R PR RRUE PR 22 | 25 RS K
FRJE = T 85 CHy 2343 fiff 3177 A= HFP, H A U
B E TS BR A SRAL B AL B A
TS BOR Gy K e, AB LR B PR ELA S D &,
i HAE Bk U B g 0 32 BR PRt 4R ER
B BCHE DA S R A OB R R T A S R AR
RS T WA, A BT e — TRl R AR i b A 0 1 TR
fE R AR

FEARSCH FoATT 3 N- R K e AN T3] A o i
AA T 4B ClBs 7 e Ak, Ak 1-T7 B
3-HUIEBK W (BMImC), S A6 10 P Jk-3- 5L ok s
(AIMImCI) 581k 1-4% BT 5E-3-H1 5L BK 1 (BzMImCl) Fl
G127 Fe 3 H L BRI (OecMImCl), 38 i PF4 B AT
Xof R S Y b AR S W B BR AR R Bk
B AR W) 5 o R AR S W BAT 1R I B A
G 1- 7T E-3-F BEmR e ] b v U Ak A
RO BB v g i FLrERB AR E |, Wl g2 — AR R
ST § % N



%6 M A A . A DR e B 2 YA A X Sl v S RS W R R I R VR ST B Y 921
1 SCIEER4yy TRSIR W, TR R I e ORI R B M A
T HERR AR JFE 1 Pa JEJI T INFGZE A H] 90 °C
. 11 I

B I (1 1 45 FF 179.2 mg(1.07 mmol) 53
Hr 4l g R (CAR) FT 86.3 mg(0.47 mmol) 3 Hr 21 i) —
A IFWEMY (DBT) R TE 100 g 19 R IE T Zhe kR iR
A W) (5T 1 b =80/20) Hh il )i W, VR D ) BRI
IV EYI N 150 mg- ke A& B AL AL E ALY
MW 43 BT 4l i) CAR F1 DBT 43 5% fif 4% 100 g
AN R B i B ORCE T R IR A T A #)
VES VR R A R BE 2200 100 mg - kg™, SE56 AT T
Al i 23 (Petrobras, & FR PB) Hi ¥k [E A7 {L 5% B
(IFP)$afE | LA o 25 R 3% 1,

F 1 SSIRATA Tl @4 (PB) MO A R

Table 1 Composition of industrial diesel oil (PB)

Component Assay result
Sulfur / (mg-kg™) 3 602
Total nitrogen / (mg-kg™) 612
Basic nitrogen / (mg-kg™) 251
Aromatics / wt% 20
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Fig.2  Structure of the imidazolinium chloride
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Table 2 Solubility of the ILs in toluene/n-dodecane

mixture

RTIL BMImCl AIMImCl BzMImCl OcMImCl
Solubility/(mg-kg™) 23 24 35 373

Mass fraction of toluene/n-dodecane (20/80); Mass Ratio
ILs /solvent: 1/10, at 60°C for 24 h.
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Table 3 Contents of nitrogen and sulfur in the diesel oil sample and the eliminated efficiency by Ils BMImCI

Sample N >
N/ (mg-kg™) Extracted rate / % S/ (mg-kg™) Extracted rate / %
Original PB 612 — 3 602 —
PB* 361 41 3 598 0.1
PB#* 223 38 3 536 1.7

PB*: multistage extraction of original PB by Amberjet (ion-exchange resin, -SO;H) at the mass ratio of 1/4 for 5 times;

PB**: PB* extracted by BMImCI at the mass ratio of 1/5, at 60°C 24 h.
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