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3 [BuMesPy]|PFs [BuMesPy]BFs [BuMe;Py]NOs,
[BuMe3Py]BF4,
( ) ,
s . 1:3
25 2h 40 min s 94.6%.
, 5
: 069 tA : 1001-5132 2016 03-0093-05
) , [BuMe;Py|BF,4
( ) ( )
( )[1—2]'
[3-4]
b . 1
1.1
s 1’3>5_
[5]. .
[6_8]’ s
[9], , Ultra shield 400 (Bruker
, nor, ); TU-1901 (
, ); Nicolet 6700
(H-13], ( Thermo ); WRS-1A
, ( ) ( ).
. 1- -2,3,5- 1.2
([BuMesPy]PFg) 1-  -2,3,5- 1.2.1 [BuMe;Py]PFg 4 &
([BuMesPy]BF,) 1-  -2.3,5- 550 g (50 mmol)  1,3,5-
([BuMe;Py]NO3) 3 25mL , 6.85 g (50 mmol)
[BuMe;Py]BF, 10mL 8h, ,
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, , 1- -2,3,5-

([BuMe;Py]Br, 10.21 g, 82.4%). m.p. 30.2~
31.2 ; 'H NMR (400 MHz, DMSO) § 6.57 (s, 1H),
440 (t, J=7.46 Hz, 2H), 3.95 (s, 3H), 2.44 (s, 3H),
2.41 (s, 3H), 1.66 (m, 2H), 1.33 (m, 2H), 0.92 (t, J=7.26
Hz, 3H); IR (KBr, cm™): 2 924(s), 2 867(m), 1 631(s),
1 564(m), 1 122(m), 1 043(m), 610(m), 574(m).

6.21 g (25 mmol) 1,3,5-
50 mL , 100 mL 4.60 g
25 mmol KPFg, 24 h, ,
, AgNO; ,
1- -2,3,5-
([BuMesPy]PFs, 7.31g, 93.6%). m.p. 81.3~
823 ; 'H NMR (400 MHz, DMSO) 8 6.57 (s, 1H),
4.42~4.37 (t, J=7.70 Hz, 2H), 3.94 (s, 3H), 2.44 (s,
3H), 2.41 (s, 3H), 1.69~1.60 (m, 2H), 1.37~1.27 (m,
2H), 0.91 (t, J=7.32 Hz, 3H); IR (KBr, cm™): 3 154
(m), 2 974(s), 2 880(m), 1 568(s), 1 479(m), 1 425(m),
1 391(m), 1 340(m), 835(s), 753(m), 557(s).
1.2.2 [BuMe;Py|BF, #2[ BuMe;Py|NO; 4 5%,
[BuMe;Py]|BF, [BuMe;Py]NO;

> > B

b 2

, 91.2%  90.5%. [BuMe;Py]|BFy:
mp. 59.6~60.6 ; 'H NMR (400 MHz, DMSO) 5
6.55 (s, 1H), 4.36 (t, J=7.46 Hz, 2H), 3.92 (s, 3H),
2.43 (s, 3H), 2.40 (s, 3H), 1.67~1.61 (m, 2H), 1.35~

1.29 (m, 2H), 0.92 (t, J/=7.42 Hz, 3H); IR (KBr, cm'l):

2962(m), 2874(m), 2830(m), 1609(m), 1565(s),
1467(m), 1425(m), 1365(m), 1057(s), 775(m).
[BuMesPy]NOs: mp.  19.3~20.3 ; 'H NMR (400
MHz, DMSO) § 6.57 (s, 1H), 4.39 (t, J=7.60 Hz, 2H),
3.94 (s, 3H), 2.4 (s, 3H), 2.41 (s, 3H), 1.70~1.61 (m,
2H), 1.33 (m, 2H), 0.92 (t, J/=7.28 Hz, 3H); IR (KBr,
cm™): 2961(m), 2 874(m), 1631(m), 1565(s), 1415
(m), 1380(m), 1041(m), 826(s), 686(m).
1.3
0.19 g (2.4 mmol)

— 80:20)
0.34 mg-mL" . 1l0g
, 25mL ,

100 mL

(mg-mL™),
E(%) D,

E=(cy—c)/c,*x100%,
D=(cy-c)/c,

. Qo C

2.1
1:10 25 3h
30 min , 3

E/%
/°C /h /min

[BuMe;Py]PF,  1:10 25 3 30 159
[BuMe;Py]NO;  1:10 25 3 30 597
[BuMe;Py]BF,  1:10 25 3 30 81.6

1 , [BuMe;Py]BF,4 s
81.6%.

BF, > NO; >PFg . [BuMesPy|BF,

2.2 [BuMe;Py|BF,
2.2.1
1.0g , 1.0 3.0 5.0
10.0 15.0¢g , 25 1 h, 30
min, s 1
1 s s
, 1:15 65.2% 1:1
93.3%. ,
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0.5~2.5h, 30 min, 100077 . 1gD 4,
R=0.937 69, k=1.5, o
’ ) AH= 28.7kJ'mol’,
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o 04f
831 . . 003}
82F / 02}

S 0.1}

= 81 -

B 0.0 L L L 1 |
80+ 29 30 31 32 33 34
9L 1 000/T
78} 4 1gD  1000/T
e . . . . 22.4 SHRE 45 %o

0.5 10 15 20 25
1.0 5.0 25
/h g s g . ,
1.5h 0~40 min,
’ 5
223 RENFA ol
1.0g , 50g , 25~65 sl e
1.5h 30 min, & 75k
5
, 3 70+
3, , 65}
65 60}
551
50 -
, 0 10 20 30 40
298~338 K /min
D T 5
5 , 30min



96 2016
83.4%, , ) 5,
R 81.3%, ,
R 20~40 min 6 5
22.5 TEEMHMA : 6
, , (A) (B)
© D) ( 3
1:3, 1:5, 1:10; 25, 35, 45
1.0, 1.5, 2.0 h; 20, 30, 40 min), 1 2 3 4 5
E(%) ’ E/% 92.4 90.4 87.6 83.7 81.3
2 Lo(3") V\N“——*—\M\fra\/
A B C D E/% é b
1 1 1 1 1 85.6 = W
2 1 2 2 2 83.1
3 3 3 3 801 4000 3000 2000 1000
4 2 1 2 3 85.0 v/(cm’)
5 2 2 3 1 80.2 a .b 5
6 2 3 1 2 75.8 6
7 3 1 3 2 78.4 3
8 3 2 1 3 74.5
9 3 3 2 1 70.3 3 [BuMe;Py]PF¢
k1 82.93 83.00 78.63 78.70 [BuMesPy|BF, [BuMe;Py]NO;,
k2 80.33 79.27 79.47 79.10 , [BuMes;Py]|BF,
k3 74.40 75.40 79.57 79.87 .
R 8.53 7.60 0.93 1.17 [BuMe;Py]|BF, : 1:3
R A 25 2h 40 min.
F 72.83 5498, , [BuMe;Py]BF, 94.6% ,
(P<0.05), 5
A>B>D>C.
2 >
, ABC3Ds,
1:3 25 2.0h
40 min.
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Denttrification of Pyrazolium-based Ionic Liquid to Remove
Pyridine from Simulated Oil

ZENG Kai, LI Jie, JI Fan, HU Yan-hua, JIANG Feng, ZHANG Jian-feng*
( School of Material Science and Chemical Engineering, Ningbo University, Ningbo 315211, China )

Abstract: Three pyrazolium ionic liquids, [BuMe;Py]PFg, [BuMe;Py|BF,4, and [BuMe;Py]NOs, are synthesized
and the removal efficiency of pyridine from simulated oil is tested. Based on the preferable [BuMe;Py|BF,, the
effect of mass ratio (IL/oil), reaction time, temperature and settlement time are investigated. The findings show
that the larger mass ratio of IL/oil and lower temperature will improve the denitrification efficiency significantly.
94.6% efficiency is achieved given an optimum condition at 25  with 1:3 of mass ratio (IL/oil), 2 h of reaction
time, and 40 min of settlement time. The results of regeneration experiment reveal that [BuMe;Py]BF, remains
high denitrification efficiency after five times reuse.

Key words: pyrazole; ionic liquids; denitrification; pyridine



