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Recently, the exploration of using ionic liquid in
gasoline desulfurization has attracted extensive atten-

[15]

tions" . Directly using ionic liquid as an extractant

131 or as solvent for the oxi-

for liquid/liquid extraction
dative desulfurization of model oil, commercial diesel
and light oils, etc, were reported and perfect results

were obtained**

. In order to make the operation more
practically usable, herein, we present our new attempt
to prepare a Polyvinyl alcohol (PVA) supported ionic
liquid membrane and its possibility to be used in gaso-
line desulfurization.

The PVA supported ionic liquid membrane was
prepared as following procedure. Firstly, suitable
amount of PVA powder (87-89% hydrolyzed; M, :
85000-124000; Aldrich Chemical Co.) and ionic
liquid'”’ were dissolved in deionized water and stirred
for 4 h at 80 °C. Then the homogeneous solution was
poured onto a stainless steel plate and the solvent was
evaporated at room temperature in air for 12 hours. So
a PVA supported ionic liquid membrane with around
25 pum thickness ( by SEM analysis) was achieved.
All the membranes with or without ionic liquid were
characterized by FT-IR ( Nicolet Nodule 5700), DSC
( Mettler Toledo 822) and SEM ( JSM-5600LV ).

The typical FT-IR spectra of PVA membrane,
pure ionic liquid and PVA supported [ EMIm ] [ BF, ]

ionic liquid membrane were shown in Fig. 1. Although
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the FT-IR spectra of PVA itself and ionic liquid were
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Fig. 1 FT-IR spectra of PVA membrane (a), PVA suppor-
ted 30wt% [ EMIm] [ BF,] (b) and (c) pure
[EMIm] [ BF, ]

overlapped with each other, the characteristic peaks of
ionic liquid [ EMIm ] [ BF, ] at 1573 em™ and 1171
em” were still observable after immobilization. There-
fore, it was clear that the ionic liquid was successfully
immobilized on/in the PVA membrane. The SEM pho-

tographs of different membranes were shown in Fig. 2,

Y

Fig.2 SEM pictures of PVA membrane (left) and 30%
[ EMIm] [ BF, ]/PVA (right, 20 kV, 1 000)
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and the thickness of the membranes was determined to
be about 25 nm. The morphology of the pure PVA
membrane is relatively flat and uniform but the PVA
supported ionic liquid membrane was very coarse and
porous. Results of DSC measurement of pure PVA
membrane, PVA supported ionic liquid membrane and
pure ionic liquids were given in Table 1. It could be
found that for PVA supported ionic liquid membrane
the T,, T, and T, were all unobservable between -100
°C and 150 C. The reason might be that the PVA and
ionic liquid were well mixed with each other and there-
fore they lost their own specific properties.
Table 1 Melting (T,,) , cold crystallization (7, ) and
glass-transition (7,) temperatures for PVA/ionic liquids

hybrid membranes”

compound T, T,/C T,/C
PVA membrane 85 . -

[ EMIm] [ BF, ] 87.87 -16.73  -3.95
30% [EMIm][BF,] /PVA - - —
[ BMIm] [ BF, ] 86.94 -

30% [BMIm][BF,]/ PVA -

*[ EMIm] = I-ethyl-3-methyl imidazolium; [ BMIm] = 1-
butyl-3-methyl imidazolium.

The treatment of the model gasoline was illustrated
in Fig. 3. The effective area of the membrane was
2.78 x 10°m’. About 10 ml of n-octane/thiophene
mixture was added into the feed compartment and vacu-
um treated ( ~133 Pa) under stirring for 5 hours. The
materials that passed the membrane were collected with

liquid nitrogen cooling trap and further analyzed by

GC-FID. Model gasolines of different thiophene concen-
trations were firstly tested with 30% [ EMIm | [ BF, ]/
PVA membrane, Table 2. The corresponding thiophene
mass fractions in the feed were varied between 7.33 X
10* and 0.497 g/g. It was clear that the variation of
thiophene concentration has great influence on the flux
of thiophene itself and n-octane. As imagined, the flux
of thiophene increased with the increasing of the thio-
phene concentration but the selectivity decreased. For
the flux of n-octane, it decreased at the same time. As
to the stability testing of the membrane, it was reused o-
ver sample with thiophene concentration 13.3 x10%g/g.
However, the final concentration of thiophene increased
to 4.95 x 10* g/g from 3. 15 x 10* g/g in the second
run. Hence the preparation method should be further

improved in order to get applicable membrane.
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Fig.3 An illustration for the treatment of thiophene

Vacuum

containing model gasoline

Table 2 The treatment of model gasolines contain different amount of thiophene with 30% [ EMIm ][ BF, |/PVA membrane®

Original concentration Jooctane Jiiophene Joctane + thiophene Sele. Final concentration
(¢/2) (g/m’ h) (g/n h) (g/n h) (%)" (¢/2)
7.33x107* 90.4 0.2 9.6 10 2.59E -4
13.3x107* 58.5 0.5 59.0 26 3.15E-4
13.3x10°* 2.1 0.4 29.5 15 4.95 E -4°
29.3x107* 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

“the model gasoline was prepared with n-octane and thiophene; J = Q/At(g/m’ h), J is the flux (g/m> h), Q is the total amount of

mixtures that passed the membrane during the experimental time interval , ¢, at steady state and A is the effective membrane area. "selectivity

Qhiophene/n-octane — (ylhinphene/ Y neoctane )/ (x(hiophene/ X ppctane ) > % thiophene » Y thiophene » Fn-octane and ¥, .. are the weight fractions of thiophene and n-octane

in the feed and in the permeated liquid mixture. “ The membrane was reused for the second time.
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In consideration of the flux and selectivity to thio-
phene together, it indicated that our membrane system is
more suitable for low concentration thiophene gasoline
treatment. Therefore, we further test the function of
several readily available ionic liquids supported in/on
PVA membrane using 200 ppm thiophene model gasoline.
As it was shown in Table 3, [ BMIm ][ H,PO, ], [ BMIm |
[N(CN),] and [ C,OHMIm ][ BF, ] exhibited relatively
good selectivity to thiophene. The concentration could be

reduced to ~ 120 ppm. If use PVA supported [ C,

CNMIm][BF,], [BPy][BF,], [BMIm][NO,] and [ C,
CNMmorpholine ] [ NTf, | membranes, the final concentra-
tion of thiophene was still maintained at 170-180 ppm.
The reason for this difference was still unclear at this
stage. FElemental analysis of PVA supported [ BMIm ]
[NO, ] membrane showed that the nitrogen contents in
the membrane were 5. 8% and 6. 0% before and after
using. Therefore the ionic liquid could be immobilized in-

side the membrane effectively.

Table 3 Results of model gasoline treatment with different ionic liquid/PVA membranes®

Original , Final
Membranes concentration J n-ocztane J lhlopzhene Sele. . concentration

(/e) (rmth) et (%) (e/¢)
30% [ BMIm][H,PO, ]/PVA 200 ppm 56.8 0.09 12 123 ppm
30% [ BMIm] [N(CN), ]/PVA 200 ppm 53.6 0.08 12 127 ppm
30% [Cz OHMIm | [BF4 1/PVA 200 ppm 71.2 0.07 7.7 133 ppm
30% [ C,0HMIm][ NO, /PVA 200 ppm 0.8 0.05 8.5 150 ppm
30% [ C,CNMIm][BF, /PVA 200 ppm 45.1 0.03 3.3 181 ppm
30% [BPy][BF,]/PVA 207 ppm 16.2 0.006 2.0 176 ppm
30% [ BMIm][NO,]/PVA 200 ppm 94.2 0.04 2.4 175 ppm
30% [ C,CNMmorpholine ] [ NTf, |/PVA 200 ppm 47.56 0.04 4.40 172 ppm

* the same condition as used in Table 2. [ C,OHMIm] = 1-hydroxyethyl-3-methyl imidazolium; [ C;CNMIm] = 1-Butyronitrile-3-methyl

imidazolium; [ Bpy] = N-butyl pyridinium; [ C;CNMmorpholine ] = 1-Butyronitrile-3-methyl morpholine.

In conclusion, the desulfurization of model gasoline
containing thiophene with ionic liquid modified PVA
membrane was investigated. The preliminary results
showed that the ionic liquid modified PVA membrane was
suitable for the treatment of low thiophene concentration
gasoline. The further improvement and the detailed char-

acterization of the membrane system are undergoing.
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