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  Recently, the explorat ion o f using ionic liqu id in

gasoline desu lfurization has attracted extensive atten-

t ions
[ 1-5]

. D irectly using ion ic liquid as an extractant

for liqu id / liqu id ex tract ion
[ 1-3 ]

o r as so lvent for the ox-i

dative desulfur izat ion of mode l o i,l commercia l d iesel

and light o ils, etc, w ere reported and perfect resu lts

w ere obta ined
[ 4-6]

. In o rder tomake the operat ion mo re

practically usable, herein, w e present our new attempt

to prepare a Po lyv iny l a lcohol ( PVA ) supported ion ic

liqu id membrane and its possib ility to be used in gaso-

line desu lfurization.

The PVA supported ion ic liqu id membrane w as

prepared as fo llow ing procedure. F irstly, su itab le

amount of PVA powder ( 87-89% hydro lyzed; Mw:

85000-124000; A ldrich Chem ical Co. ) and ion ic

liqu id
[ 7 ]

were disso lved in de ionized w ater and stirred

for 4 h at 80 e . Then the homogeneous so lut ion w as

poured onto a sta inless stee l p late and the solvent w as

evaporated at room temperature in a ir fo r 12 hours. So

a PVA suppo rted ion ic liquid membrane w ith around

25 Lm th ickness ( by SEM ana lysis) w as achieved.

A ll the membranes w ith or w ithout ionic liqu id w ere

character ized by FT-IR ( N ico let Nodule 5700) , DSC

(M ettler To ledo 822) and SEM ( JSM-5600LV ) .

The typ ica l FT-IR spectra of PVA membrane,

pure ion ic liqu id and PVA suppo rted [ EM Im ] [ BF4 ]

ion ic liquidmembrane were show n in F ig. 1. A lthough

the FT-IR spectra o f PVA itself and ion ic liquid w ere

F ig. 1 FT- IR spec tra of PVA m embrane ( a), PVA suppor-

ted 30w t% [ EM Im ] [ BF
4
] ( b ) and ( c ) pure

[ EM Im ] [ BF4 ]

overlapped w ith each other, the characteristic peaks o f

ion ic liquid [ EM Im ] [ BF4 ] at 1573 cm
-1

and 1171

cm
-1
were still observab le after immob ilization. There-

fore, itw as clear that the ionic liquid w as successfully

immob ilized on / in the PVA membrane. The SEM pho-

tog raphs of differentmembranes w ere shown in Fig. 2,

F ig. 2 SEM p ictures of PVA m em brane ( le ft) and 30%

[ EM Im ] [ BF
4
] /PVA ( righ t, 20 kV, 1 000)
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and the th ickness o f the membranes w as de term ined to

be about 25 nm. The morpho logy o f the pure PVA

membrane is relatively flat and un ifo rm but the PVA

supported ionic liquid membrane w as very coarse and

porous. Resu lts of DSC measurement o f pure PVA

membrane, PVA supported ionic liquid membrane and

pure ion ic liquids w ere g iven in Tab le 1. It cou ld be

found that fo r PVA supported ionic liqu id m embrane

the Tg, T cc and Tm were a ll unobservab le betw een -100

e and 150 e . The reason m ight be that the PVA and

ion ic liqu id w erew ellm ixed w ith each other and there-

fo re they lost their ow n specific properties.

Tab le 1M elting (Tm ) , cold crysta llization (Tcc ) and

glass-transition (T
g
) temperatures for PVA / ion ic liqu id s

hybr id m embranesa

com pound T g /e T cc /e Tm /e

PVA m em brane 85 --- ---

[ EM Im ] [ BF4 ] -87. 87 -16. 73 -3. 95

30% [ EM Im ] [ BF4 ] /PVA --- --- ---

[ BM Im ] [ BF
4
] -86. 94 --- ---

30% [ BM Im ] [ BF4 ] / PVA --- --- ---

  a [ EM Im ] = 1-ethy-l 3-me thy l im idazo lium; [ BM Im ] = 1-

buty-l 3-m ethy l im idazo lium.

  The trea tment of themodel gaso linew as illustrated

in Fig. 3. The effect ive area of the membrane w as

2. 78 @ 10
-3
m

2
. A bout 10 m l o f n-octane / thiophene

m ixturew as added into the feed compartment and vacu-

um treated ( ~ 133 Pa) under stirring for 5 hours. The

materials that passed themembrane w ere collected w ith

liqu id n itrogen coo ling trap and further analyzed by

GC-FID. M odel gasolines o f different th iophene concen-

trat ions w ere firstly tested w ith 30% [ EM Im ] [ BF4 ] /

PVA membrane, Tab le 2. The corresponding thiophene

mass fractions in the feed w ere varied betw een 7. 33 @
10

-4
and 0. 497 g /g. It w as clear that the variation o f

thiophene concentration has great influence on the flux

o f thiophene itself and n-octane. As imag ined, the flux

o f th iophene increased w ith the increasing o f the th io-

phene concentration but the select iv ity decreased. For

the flux o f n-octane, it decreased at the same time. As

to the stability testing o f themembrane, itw as reused o-

ver samplew ith th iophene concentrat ion 13. 3 @10-4 g /g.

However, the f ina l concentration of th iophene increased

to 4. 95 @ 10
-4
g /g from 3. 15 @ 10

-4
g /g in the second

run. H ence the preparation method shou ld be further

improved in order to get applicab lemembrane.

F ig. 3 An illustration fo r the trea tm ent of thiophene

conta in ing m ode l g aso line

Tab le 2 The treatmen t ofmode l gasolines conta in differen t amount of th iophene with 30% [EM Im] [BF
4
] /PVA m embranea

Or ig inal concentration

( g /g)

J
n-oc tane

( g /m2 h)

J
thiophene

( g /m2 h)

J
n-octane + thiophene

( g /m2 h)

Se le.

(% ) b
F ina l concentration

( g /g )

7. 33 @ 10- 4 90. 4 0. 2 90. 6 10 2. 59E- 4

13. 3 @ 10- 4 58. 5 0. 5 59. 0 26 3. 15 E- 4

13. 3 @ 10- 4 29. 1 0. 4 29. 5 15 4. 95 E- 4c

29. 3 @ 10- 4 67. 8 1. 0 68. 8 20 7. 61 E- 4

0. 302 24. 3 25. 2 49. 5 3. 1 0. 250

0. 410 31. 2 23. 1 54. 3 4. 7 0. 315

0. 497 20. 2 56. 3 76. 5 4. 7 0. 435

  a the model gasoline was prepared w ith n-octane and thiophene; J= Q /A t( g /m2 h), J is the flux ( g /m2 h), Q is the tota l amount o f

m ix tures tha t passed them embrane during the expermi ental tmi e interva,l t, at steady state and A is the e ffectivem embrane area. b se lectiv ity

Athiophene /n-octane = (y thiophene /y n-oc tane ) /( xth iophene /xn-octane ), xth iophene, y thiophene, xn-octane and yn-oc tane are thew eight fractions of thiophene and n-octane

in the feed and in the perm eated liquid m ixture. c Them embrane was reused fo r the second tmi e.
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  In consideration of the flux and selectiv ity to thio-

phene together, it indicated that ourmembrane system is

more suitab le for low concentrat ion thiophene gaso line

treatmen.t Therefore, we further test the function of

several readily available ionic liqu ids supported in /on

PVA membrane using 200 ppm th iophenemodel gaso line.

A s itwas shown in Table 3, [BM Im ] [H2 PO4 ], [ BM Im ]

[N( CN) 2 ] and [ C2OHM Im ] [ BF4 ] exh ibited relatively

good se lectiv ity to thiophene. The concentration cou ld be

reduced to ~ 120 ppm. If use PVA supported [ C3

CNM Im ] [ BF4 ], [BPy] [ BF4 ], [ BM Im ] [NO3 ] and [ C3

CNMmorpho line] [NT f2 ] membranes, the fina l concentra-

tion of th iophene was st ill maintained at 170-180 ppm.

The reason for this difference was still unclear at this

stage. E lemental analysis of PVA supported [ BM Im ]

[ NO3 ] membrane showed that the nitrogen contents in

the membrane w ere 5. 8% and 6. 0% before and after

using. Therefore the ionic liqu id could be mi mobilized in-

side the membrane effect ively.

Table 3 Resu lts ofm odel gasoline treatm ent w ith d ifferent ion ic liqu id /PVA m embranesa

M embranes

O rig inal

concentration

( g /g)

J n-octane

( g /m2 h)

J thiophene

( g /m2 h)

Sele.

(% ) a

F inal

concentra tion

( g / g)

30% [ BM Im] [H2PO4 ] /PVA 200 ppm 56. 8 0. 09 12 123 ppm

30% [ BM Im ] [ N ( CN ) 2 ] /PVA 200 ppm 53. 6 0. 08 12 127 ppm

30% [ C2OHM Im ] [ BF4 ] /PVA 200 ppm 71. 2 0. 07 7. 7 133 ppm

30% [ C2OHM Im] [ NO3 ] /PVA 200 ppm 42. 8 0. 05 8. 5 150 ppm

30% [ C3CNM Im] [ BF4 ] /PVA 200 ppm 45. 1 0. 03 3. 3 181 ppm

30% [ BPy] [ BF4 ] /PVA 207 ppm 16. 2 0. 006 2. 0 176 ppm

30% [ BM Im ] [ NO3 ] /PVA 200 ppm 94. 2 0. 04 2. 4 175 ppm

30% [ C3CNMmorpho line] [ NT f2 ] /PVA 200 ppm 47. 56 0. 04 4. 40 172 ppm

  a the same cond ition as used in Table 2. [ C2OHM Im] = 1-hydroxyethy-l 3-methy l mi idazo lium; [ C3CNM Im ] = 1-Butyronitr ile-3-methy l

mi idazo lium; [ Bpy] = N-buty l pyrid inium; [ C3CNMmorpho line] = 1-Butyron itrile-3-m ethyl morpholine.

  In conclusion, the desulfurization o fmode l gaso line

conta ining thiophene w ith ionic liqu id mod ified PVA

membrane w as investigated. The pre lmi inary results

show ed that the ionic liquidmodified PVA membrane was

su itable for the treatment of low thiophene concentration

gaso line. The further mi provement and the detailed char-

acterization of themembrane system are undergo ing.
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摘  要: 本文合成了一系列聚乙烯醇担载离子液体薄膜, 并进行了 FT- IR, SEM以及 DSC表征. 通过对模拟汽油脱硫性

能的初步研究发现, 这一类薄膜对于较低硫含量的体系具有较好的脱硫性能.

关键词: 聚乙烯醇膜; 离子液体; 担载; 噻吩; 脱硫
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