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RIFERR T & T RAKE ECRE R R R AL KB4 R X ORI L 2B B A —ENE &

1 LIRE4S

L1 RFS5EE

N-H Z ke (CP, H25) , @R IE T K (CP, H2Z) , 5 5l B 41 (CP, H25) , & H % (AR, ©#5), IEF 5
(CP, H %), £+ 8H (AR £ H Acros 24 H)), ZHIFBEW (AR EH Acros A, A/KAMT K (AR, K i#
MR B RFT) S E R (302, B ) %,

SAHAB (RS HP-6890, ZHREABH AR AFD B H 88 (B S 88-1, JLUT TR/ ARFTAE
AT BeRE 2 R I (SENCOR R, T3 F A4 AL 3845 IR A AL » S 5h A6 K BE 3 (UV-3010, L ¥ 55 = 4047
IXBR ) 8 B 0 41 8F Y6 34X (Bruker VERTEX 70, 2 & Thermo Nicolet 23 &) , %% # £ #% 1Y (600M DD2, %
ERBHARARD KRB @B (Trace 1300, ZHEERHEHRA A%,

1.2 BFHEENSH

AR R RS A A BT T B AR B F IR Sl & B iR A b A, B i e AR NS B
Bk e 2K B F R IR [ Bmim IBF, J£5F 57 & B B 1 W 14 B0 25 4 6 47 RAE. :

1.2.1 a{&E Bmim]|Cl B & K

¥ 0.3 mol N-HE K 0. 33 mol SR IE THMAF 250 ml iy = B o, 76 48 1R /K V5 55 e v e Wl
L EHUKERE R 70 C,EABH: 72 h, HE RNV R, RN BUE » 3 5B LA H A TK
FRRH12h BRABHRMBRIMAZR LBV 3 K B HEM. REEME, REEL RELRLE, &
BTESTHRES,80 CF T4 24 h, FREQHTPRBA. =K. 75.92%.

H3C\
70 'C, Reflux
N/} + n3c/\/\c1|::{> HJC/\/\ N/w
\ Cl™. \
—N : N
1-Methylimidazole 1-Chlorobutane (CH1I5N,CH \

CHyN CH,Cl b
(CeHyNy) (C4H,Ch [Bmim1Cl CHs

L el kA Bg R
1.2.2 BT HAEBmimIBF, %4 5K
FREX 13.96 g H(a {40 8. 78 g VU MIER M, In A 30 ml FI AR, RE A B3, 76 40 CT RN 12 h, %
HG AR B R IMA Z S H Grvk ik 3 W, BUEMUE , B 228 F Wi b 0 AR 7 o 1 65 B A B %%
BRBEHP —ET b, 78 90 CF T4 24 h, RA YRR T AR REAE. [Bmim]IBF, #5882 10
Al 2 iR, |

/\/\ E
N !_ Na Methanol /\/\
+ F—— ] —— : N he N N
\ / l Stirred 12 h, 40°C 4
- N
Cl F (CgH sN,BFy) \
(CgH,sN,CI) NaBF, [Bmim]BF,

B2 [Buim]BF 2B 12
1.3 #HEGHKE S

FRER 1. 6123 g — 2% FEEW (DBT, %R T A E &), 5 F 1000 mL 1EF Lo B i LR & &R 400 pgS -+ g™
MR . AR BB 1. 02 mL ZRJFEE Wy (BT, HIR F HWA), T 1000 ml 1F 3 5 AL il MU & &5
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400 pgS - g BRI,
1.4 Sk &4

BRI B R G P BB & R SR A G XA R B8 A B & R BLIE 2 B K AR L S £ 3
LB S K Agilent-6890, BY4NE £ R Al HP-5 column. %] BT &9 354 &40 4R 130 C,BRFEARZE
200 C (10 C/min), #EHE IR 280 'C /AR EE N 320 C; 1 DBT ML K8 4R 200 C, 1
FEFHE Z 280 °C (10 'C/min) , #ERE LR 280 'C, KMl 2838 % 320 C.
1.5 ENBmER

FEROBMP A 100 mL BHBI, FFMA—E BB FBE, —ERMIRET  FE5AH K5 A 00 B
PHEEPHIT R ANERLLN. FRMSHERHEZEZRE . HESYHESBR WEBTFHRERATH
A 0K 15 B BT & BORE SR AT SO OIS BR BT, I B B R

BB AT B 9= (1-5/5) X100% , H i S 4 Lo T AL £l 4 BDT 5% BT 78 <A &% B B4 |
1, S R A Em S BDT 8 BT £S5 41 A5 X P R4 m .
1.6 [Bmim]BF, HyFR1E
1.6.1 UV 4#7

ARSI B L AR S ) ERR L B 20 mmol « L™ B =88 F IR AR VE W, 7E 190~300 nm K37 K i
W, [Bmim |BF, #5550 6i%M B4 RI0E 3 FixR.

B A A1, [ Bmim |BF, @& KRN 212 nm, 50K M35 ) RRE BRIT W (E AR R &, P AR R £ &
FE R Bmim]” BEFEE, BHEGHREER  HBTFRIR T n>n” K.
1.6.2 FT-IR 4#F ,

%L 5 R A KBr i 3 & 3R, E I BGE B 2 4000~500 em™ , B 4 SRR BB F IR M AR
B E W 2 5 1 B VA FT-1IR Dt .

—fresh
—recycled

Transmittance/%

Absorbance

0.0 590 540 360230 300 4000 3500 3000 2500 2000 1500 1000 500
A/mm v/en!
: 3 [Buin]BF, 055 B AL 4 [Buin]BF, MFT-IRAHH

£ 3300~2800 cm ™ HEHEE A AT MW E C-H MMM IS, 7E KT 3100 em ' WREBEENE S E C
H S0 4R 3, ££ 3000~2800 em ™' HEE N R K C-H MR NE X Gen). 7E 1060 cm™' M
WET BF MM iksl, AL ES I MEREKE, [ Bnin ]BF, WEMESZREWE, MKRZE
[Bmim]BF, #4554 R FFRAE.
1.6.3 'H NMR #i"*C NMR 4§71

Wi AR 7 I By AL S 4 DD2 mAZ /R 45 Y, SR A CDCLy SR ¥, S % 25 600 MHoz. @ i % g i
AR EER T U E R T R EFE TR E &, U E B TR, [Bmim 1BF, 23 R
WA 5 ME 6 iR,

'H NMR(600 MHz,CDCl;) & 10. 44 (s, 7H), 8.21~7.59 (m, 31H), 8.21~7.43 (m, 92H), 8. 21~
7.31 (m, 149H), 8. 21~6. 85 (m, 180H), 8. 21~6.93 (m, 176H), 8. 21~6.91 (m, 177H), 8. 21~6. 87 (m,
179H), 8.21~6.97 (m, 174H), 4.13 (t, J=7.3 Hz, 180H), 1. 16 (td, J=14.8, 7.3 Hz, 112H),1. 04 (d,
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J=5.9 Hez,14H), 0.82(dd,J=22.8, 15.4 Hz, 6H), 0.72(dd, J=21.1, 13.7 Hz, 179H).

©
[tpfe HOYONI I D= O D IoONN
N o<t — = —_ oo oL O (=3 ﬁb‘l\“
o e e e e e e e 4 s . e
— =~ <fH<Heneenom o —_ OO
N [

— . ———— - X 106
4 13 12 11 1 9 8 7 6 5 4 3 2 1 0 -1 -2
fl
K5  [Bmim]BF4RYE L
. ] i [aefer] N N
5 SF ~ g 84 o
I i i 1 [ [}
— e X 10
230 210 190 170 150 130 110 90 70 50 30 10 -10

f

1

Bl6 [Bmim]BF,HIBRiE

13C NMR (151 MHz, CDCL) § 137. 45 (s), 129. 01 (s), 123. 66 (s), 123.50 (s), 122. 00 (s), 77. 39
(d, J=25.2 Hz), 77.26 (s), 77.05 (s), 49.51 (s), 36.32 (s), 31.96 (s), 19.23 (s), 13.21 (s).
1.6.4 GC-MS 4#7

kA Agilent GC-MS S Bk A 635X % [ Bmim 1BF, $EAT 4347, Fo 8 B+ 0 6% B A B 7 B 4 ) o 7
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HE 8 B,

X 10° +EIC(139. 12351) Scan LZK3.d
1

—
(S I L o)

0 8 12 16 20 24 28 32 36 40 44 48 52 56
t/min
E7 [Boim]BF FH B T Q1K

% 108 [* Scan (1. 925~4. 430 min, 64 scans)LZK3. d
o 139. 13837
1.5
1
0.5
of 365. 25516
0 [ 519. 21982  927.50062 1221. 99610
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8 [Buin]BF, 5k

ME 7 ATAL GRS EREZE 2 min £, BEREER, RHFTHEBNEFRAM4ES; B
eI MMM FE TN 139. 14, SKMHANE FEMEYE, THEFHBETREN
[ Bmim ]BF,.

2 #R5iTie

2.1 BGERBREENRR
211 L BERPCIDL B B 3K 10 B |

B H ot 1+ 3, BEBUR I 30 min, 55 3 B0 of 03 JE % R R BEHRIR AE R DBT A1 BT Bt
BRACR M L5 AT 9 BT

50
-n—BT
— —e-DRT
35 40
o . ' S / -
> 30 o . '(_'v 30
by /v\ 3 L
) =]
A BN . £ 20
. s 5
20 4 N \ =R
= Vv =
= T [%5]
w1 151 h . 10F
10 e ol L o
20 3 40 50 60° 70 &0 0.5:101:102:103:104:105:10
e R,
B9 AN 5] A5 IR e A R R B E10 CHlmEL (RERELD XFRRAR R R

BT 9 BT LI X4 & DBT #9440 e 1 2438 BE<T40°CHY , [ % 25 BOIR BE 1938 1, BABR % 71 35 , (L3R
AkSETHE, BB R T e Xt & BT BB, HIR BE<<60 "CHt, BE& ZX BUR B R i, B R &, EIR &
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SR RRES TR XEATERERN, BEFREFEL K VBEREB/D. ERLXYEALALS SEF
WA, AR FAE R BT A RENA S, B F AR E R/, BT #1 DBT £ 8 F & & # K5 1%
BEMER (IR A &SP AN A /D, FREAR TRBGE B ##1T. 8RS 5B BRMSR Jh Rl Ry
BAEM T ENHFEE  HE DBT W AEREE N 40 C,BT MERERMIEE N 60 C.
2.1.2 5 b XA AL v R R B 5

[ BB BT ] 24 30 min, FE B ERREE T, B8 A M &R RmE g, XERWE 10
B,

ME 10 Hru] DLE W, B R L 4R e R B R &, KR E R E [Bmim |BF, & #yH in , B8
O ERALAT S B PR T AR R, Wy R R S B T AR ot SEBERON B35, {8 BT i DBT
TE B VR A T A B R, AR R B, N SE IR Y BT M R, AR SE I BE R R LR 5 ¢ 10,
2.1.3 Bt (a) st B AR R R

TE B AR BLBR IR AR AR, 18 2 BB AR T Lb L % B2 [R] 8 BB Ji) of A5 B v B SBOR B0 R e L LA
RE 11 Fis. :

ME 11 Saf LLE B B (A B9 3K, A0 2 9 BT #1 DBT & 8 78 A Wil />, 76 2 BUad JR] 55 2
40 minfg , i & B EARFERE  Gh S8 s 8], B & B AR LA K, X B N R TR B — B A /5 . DBT #1
BT ZER 40030 5 1 4 B3k B 45, e Blmh P 3 & B AR e T RUE. B Bh T 01, BT (v 55 43 25 BURY (8] O
30 min, DBT #5500 A % 20 min.

W mMEBR S ENARE, TS BB DBT BB &E N Rtk A 5 ¢ 10, XBURE N
60 C, ZE BRI 6] & 30 min, £t KA 5L 4% B8 B A% 2 BB 7R B 54. 3900 BBk BT BAL M &4 R FIMEL R 5 ¢
10, BB 40 C, FHHHE 2 20 min, 8 KB H R ZE BB G 3R BB IA 5 40. 14 %%,
2.2 HEHMAERIER :

HERRPREREFMET R T 3 RERBIMBE, HERWE 12 .

ez BT

-#-DBT
60 —9—BT

40 -

30} /\M

20+

Sufur removal/%
Sufur removal/%

10+

10 20 30 40 50 60
t/min Extractive cycles

BEILL N[ R BN ] Yo 0 2 B 52 ) El12 BLERgR o B R i b

ME 12 el LB, EEEBORE M N, BRERPE AR, &4 3 HER/E, BT 191 3% 3
79.87% ,DBT BRIk T 83. 66 %, AR AR B 0 AL,
2.3 HWHRUHEEL-ERER

TERHERB ST A FeCl, « 6H,O FIE S LS, [ & FeCl, » 6H, 0 B AR 0. 05 g, 38 i #
HEAER AR, BER Fe' —H, 0, — ILs #& k&%t DBT #1 BT MBLER SR , SR A 13 Fim.

ME 13 AT IES  FEESE S MARBKMEE M, BMEHE LA, Yt 8 E0mARR 0.25 ml
mh,DBT BB R RE A E] 100%, BT BB R BEEH A 3] 80%. Fe'™ 5 H, O, 44 REA & L5
Ry EE & - OH, B B3 Fenton K7 , BR- —F X7 ML 4 B A 7R 3% 16 RE 1 K910 , R 65 A 2O K e vy
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Synthesis Characterization and Application in Extractive Desulfurization for
Model Fuel of Green Reagent | Bmim |BF,

ZHU Hanging, CHEN Yang, ZHANG Qi, ZHOU Yong, WANG Guanghui

(College of Chemical Engineering and Technology; Hubei Key Laboratory of Coal Conversion and
New Carbon Material, Wuhan University of Science and Technology, Wuhan 430081,China)

Abstract: In this paper a green ionic liquid [ Bmim]BF, was chosen to be researched to study the process of deep extrac-
tive desulfurization of model fuel and selected the best synthesis technology using single factor analysis method. Data of UVFT-
IR,' HNMR,® CNMR and GC-MS have been discussed for the molecular confirmation of synthesized [ Bmim]BF,, Effects of
reaction time, reaction temperature, volume ratio of ionic liquid to model oil on BT and DBT removal of liquid fuel were presen-
ted. Results showed: under the optimal desulfurization conditions, the maximum removal rate of single stage extraction on BT
and DBT was 40. 14% and 54. 39%. To further investigate the multi-stage extraction and oxidation desulfurization effect, after
3-level extraction, removal rate of DBT and BT can both reach 80% , and the removal effect of ILs-FeCl, — H, O, composite
system on DBT removal rate could even reach 100%, the BT removal rate also could reach 84 %. Finally the regeneration and
the reuse of ionic liquid were also investigated, using reverse extraction recovery of ionic liquids, and studied desulfurization
performance of recovered ionic liquids, showing feasible regeneration effect. The result might be a good application prospect for

the improvement of desulphurization process.

Keywords : ionic liquid of imidazole;model fuel; extractive; desulfurization



