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a  b  s  t  r  a  c  t

Oxidation  of dibenzothiophene  with  hydrogen  peroxide  using  a recyclable  amphiphilic  catalyst  has  been
studied.  The  catalyst  was  synthesized  by  surfacely  covering  magnetic  silica  nanospheres  (MSN)  with  the
complexes  between  3-(trimethoxysilyl)-propyldimethyloctadecyl  ammonium  chloride  (AEM)  and  phos-
photungstic  acid  (PTA).  The  morphology  and  components  of the  composite  material  were  characterized
by  TEM,  EDX,  XPS,  FT-IR,  and  VSM,  respectively.  The  effects  of several  factors  on desulfurization  reactivity
were  systematically  investigated.  The  results  showed  that  the  composite  nanospheres  have  core/shell
eywords:
eep desulfurization
mphiphilic composite material
agnetic nanoparticles
iphase catalysis

structure  with  the  properties  of  amphiphilicity  and  superparamagnetism.  The  composite  nanospheres
have  high  catalytic  activity  in the  oxidation  of dibenzothiophene  to  corresponding  sulfones  by  hydro-
gen  peroxide  under  mild  reaction  conditions.  The  sulfur  level could  be lowered  from 487  ppm  to less
than  0.8 ppm  under  optimal  conditions.  Additionally,  the  amphiphilic  catalyst  and  the  oxidized  product
could  be simultaneously  separated  from  medium  by external  magnetism,  and  the  recovered  composite
material  could  be  recycled  for three  times  with  almost  constant  activity.
. Introduction

Sulfur oxide produced by the combustion of sulfur-containing
rganic compounds in fuel oils is one of the major air pollutants.
o protect the environment, some stringent environmental reg-
lations about the discharges of sulfur oxide have been enacted
1,2]. To eliminate undesirable sulfur-containing compounds or
o convert them into innocuous forms, various alternative pro-
esses, which differed from the hydrodesulfurization [3,4], have
een employed. Generally, the processes include adsorption [5,6],
xtraction [7],  oxidation [8–11] and bioprocesses [12,13]. The need
or sustainable chemistry and clean technologies has stimulated
he research for new, environmentally friendly desulfurization
ystems. Li et al. [14] applied a recoverable catalyst assembled
n emulsion to catalytic-oxidation ultra-deep desulfurization. The
atalyst, [(C18H37)2N+(CH3)2]3[PW12O40], demonstrated high per-
ormance, lowering the sulfur level from approximately 500 ppm
o 0.1 ppm without changing the properties of the diesel. Further-
ore, the catalyst was separated from the diesel by demulsification.
he product in the diesel was removed by a polar extractant.
he report shows that selective catalytic oxidation combined with
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© 2011 Elsevier B.V. All rights reserved.

extraction is one of the most promising methods of ultra-deep
desulfurization. Additionally, the W/O  emulsion structure with
water pool and surfactant shell is efficient to enhance the diphase
catalysis. However, the method has a relatively complex process
and the emulsion structure is not stable because it formed only via
supramolecular interaction which is easily affected by the subtle
change of environment factors and the concentration of surfactant.

Recently, we had reported a novel methodology for creating
insoluble catalysts with hydrogel core and amphiphilic phase trans-
fer catalyst–shell structure similar to W/O  emulsion droplet [15,16].
The results indicated that the prepared catalysts not only were
valuable for deep oxidation desulfurization but also can extract the
polar product from system. Compared with the recoverable cat-
alyst assembled in emulsion, this protocol makes desulfurization
process simple. However, the catalytic efficiency was unsatisfied
due to the supporting particles with bigger size. Therefore, to pre-
pare an easy-separated phase transfer catalyst with smaller size is
valuable to enhance catalytic efficiency.

In view of the fact that paramagnetic nano-particles are easily
separated under external magnetic field, we proposed immobi-
lization of alkyl quaternary ammonium surfactant/Keggin-type

polyoxometalate complexes on nanomagnetic silica as a nanore-
actor to improve our original method. The results indicated that
the catalytic efficiency of the prepared nanomagnetic particles in
deep oxidation desulfurization was  obviously higher than that of

dx.doi.org/10.1016/j.jhazmat.2011.11.063
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
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ur original report. Desulfurization rate was increased from 45%
n original system to above 90% in present one [15]. The turn
ver frequency (TOF) was about 0.5147 min−1, which is higher
han that of the emulsion system mentioned above [14]. For the
mproved system, the catalyst and oxidized product can be simul-
aneously separated from medium under external magnetic field,
nd the recovered catalyst could be recycled for three times with
lmost constant activity. This research not only provides an efficient
ethod to desulfurize from organic medium but also develops a

ew catalytic material used in oil/water diphase organic chemistry.

. Experimental

.1. Materials

All chemicals were analytical grade and used without further
urification. Water used in the experiments was double-distilled.

.2. Preparation of magnetic silica/AEM–phosphotungstic acid
anospheres (MSN/AEM–PTA)

The corresponding preparation process is shown in Scheme 1.
he phase transfer catalytic material with smaller size was  simply
repared by anchoring the organosiloxane 3-(trimethoxysilyl)-
ropyldimethyloctadecyl ammonium chloride (AEM) on the
urface of magnetic silica nanospheres (MSN), then exchanging
hloride ions with phosphotungstic acid anions.

.2.1. Preparation of magnetic silica/AEM nanospheres
MSN/AEM)

MSN  were synthesized by a water-in-oil microemulsion tech-
ique according to the previous report [17]. MSN/AEM were
repared by the condensation reaction between Si–OH groups on
he surface of MSN  and that derived from hydrolyzed AEM in solu-
ion. A typical synthesis is as follows. MSN  (0.100 g) were immersed
n 500 �L anhydrous methanol containing a given amount of AEM in

 laboratory dish. In the experiment, the different amounts of AEM
5%, 10% and 15% (v/v)) were added for consideration of changing
he amount of AEM loaded on MSN. After volatilization of solvent,
he dish was placed in a closed beaker containing water for 40 min.
hen, put it in a preheated oven (60 ◦C) immediately to make AEM
arry out hydrolysis and condensation for 12 h. After the heat-
reated samples were washed with anhydrous alcohol, MSN/AEM
anoparticles were obtained.

.2.2. Preparation of MSN/AEM–phosphotungstic acid
anospheres (MSN/AEM–PTA)

As a quaternary ammonium salt, AEM can react with PTA by
on-exchange reaction [15]. Based on this principle, PTA can be
mmobilized on MSN/AEM to form MSN/AEM–PTA. The typical
rocedure is as follows. A vessel containing MSN/AEM (with 1%
EM) suspended in 20 mL  saturated PTA ethanol solution was
laced in a constant temperature shaking bath at 38 ◦C for 2 days
o ensure complete ion-exchange. After washing by anhydrous
lcohol, MSN/AEM–PTA nanoparticles with 1% AEM were finally
btained. Similarly, MSN/AEM–PTA loaded the different amounts
f PTA could be obtained by using MSN/AEM with the different
mounts of AEM.

.3. Catalytic test

The typical process is as follows. DBT (0.0625 g) was  dissolved in

ecahydronaphthalene (25 mL)  in a round bottom flask equipped
ith a mechanical stirrer. The suspension, MSN/AEM–PTA (0.12 g)
ltrasonically dispersed in the mixture of H2O2 solution (0.30 mL,
0 wt%) and decahydronaphthalene (5 mL), was added to the flask
aterials 205– 206 (2012) 17– 23

under vigorous stirring. During the reaction, the mixture was
stirred at 600 rpm under 50 ◦C. The residue concentration of DBT
in decahydronaphthalene was  periodically determined by GC anal-
ysis. After completion of the reaction, MSN/AEM–PTA nanoparticles
were separated from the reaction system under external magnetic
field. The separated MSN/AEM–PTA nanoparticles were washed
with acetone for reuse, and the eluent was used to characterize the
oxidized product (the corresponding sulfone of DBT) by GC analysis.
The process was schematically shown in the insertion of Scheme 2.

2.4. Characterization

The morphology of samples was  examined by Japanese Elec-
tronics Company JEM-2100 Transmission Electron Microscopy
(TEM) operating at 200 kV. The elements in the samples were
probed by energy-dispersive X-ray (EDX) spectroscopy accessory
to the Philips scanning electron microscopy (SEM) and X-ray pho-
toelectron spectrum (XPS) performed on an AXISULTRA (Kratos
Analytical Ltd.). Thermogravimetric analyses (TGA) were per-
formed using a SDT Q600 V8.0 Build95 instrument. The composite
powders were heated to 750 ◦C at a heating rate 5 ◦C/min in oxy-
gen atmosphere. The IR spectra were recorded on an AVTAR360
Nicolet Fourier transform infrared (FT-IR) spectrometer using a KBr
pellet. Magnetic characterization of the samples was carried out on
a vibrating sample magnetometer (VSM, LakeShore 7307) at room
temperature.

The residue concentration of DBT in decahydronaphthalene and
the corresponding sulfone of DBT in the eluent were analyzed
via Agilent 6820N gas chromatography (equipped with capillary
column (19091s-413, 30 m × 0.2 mm,  id × 0.5 �m)) coupled with
flame ionization detector (Agilent H9261). Analysis conditions
were as follows. Injection port temperature, 280 ◦C; detector tem-
perature, 300 ◦C; oven temperature program, 80 ◦C, hold for 0 min,
80–180 ◦C at a 20 ◦C/min gradient, hold for 2 min, 180–240 ◦C at
a 20 ◦C/min gradient, hold for 2 min, 240–280 ◦C at a 20 ◦C/min
gradient, hold for 2 min; injection volume of sample, 0.2 �L.

3. Results and discussion

3.1. Characterizations of MSN, MSN/AEM and MSN/AEM–PTA

3.1.1. TEM, EDX, TGA and XPS characterizations
These technologies used here are to characterize the spatial

distribution of the main components in MSN/AEM–PTA. Fig. 1a
showed the TEM image of MSN  synthesized by the microemul-
sion method. MSN  had an average diameter of less than 20 nm,
and the nanomagnetic particles were densely entrapped within
SiO2 shell. The presence of SiO2 and magnetic particles also were
testified by the FT-IR characterization (see the corresponding sec-
tion). The nanomagnetic particles dotted in silica can restrain
H2O2 from decomposing by the exposed iron oxides [18] when
the prepared composite material is subsequently used in oxida-
tive desulfurization with H2O2. Moreover, the centralization of the
magnetic particles in the composite nanoparticles is favorable to
enhance the magnetism. Additionally, the surface Si–OH groups
can easily react with siloxane coupling agents (AEM) to provide
ideal anchorage for subsequent formation of phase-transfer catal-
ysis layer with ordered structure. The TEM images of MSN/AEM
and MSN/AEM–PTA with 1% AEM were showed in Fig. 1b and c.
The morphology and size of MSN/AEM and MSN/AEM–PTA do not
have too much change compared to MSN. In order to get some

information on the elemental composition and distribution on the
surface of the samples, MSN, MSN/AEM and MSN/AEM–PTA with
5% AEM were characterized by using EDX analysis. The correspond-
ing results were shown in Fig. 2. The amount of Fe determined in
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Scheme 1. The process for preparation of MSN/AEM–PTA.

Scheme 2. The oxidation of DBT to sulfone catalyzed by MSN/AEM–PTA particles.

Fig. 1. HR-TEM images of MSN  (a), MSN/AEM (b) and MSN/AEM–PTA (c) with 1% AEM.
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Fig. 2. The EDX spectra of MSN (a), MSN

SN  (7.29 wt%, Fig. 2a) is much lower than that theoretically cal-
ulated in Fe3O4 (72.4 wt%), indicating that Fe3O4 particles were
ainly coated by SiO2. In comparison with MSN, the amount of Fe in
SN/AEM (6.26 wt%, Fig. 2b) and MSN/AEM–PTA (4.05 wt%, Fig. 2c)

ecreased, and the signals regarding to Cl and W were respectively
bserved in MSN/AEM and MSN/AEM–PTA. These results implied
hat AEM and PTA were respectively loaded on the surfaces of the
orresponding composite nanoparticles. To verify this conclusion,
he data from TGA and EDX were compared. The TGA spectra of

SN, MSN/AEM and MSN/AEM–PTA with 5% AEM were showed in
ig. 3. Based on the fact that the difference between the calcined
esidues of MSN  (84.4 wt%) and MSN/AEM (75.3 wt%) is due to the
resence of AEM, the amount of AEM and the corresponding con-
ent of Cl (1.01 wt%) in MSN/AEM could be estimated from the TG
urves. This volume is near to the amount of 1.08 wt% which was
ot by detecting the surface of sample using EDX (Fig. 2b), implying
hat AEM were dominantly distributed on MSN/AEM surface. Sim-
larly, the difference between the calcined residues of MSN/AEM
75.3 wt%) and MSN/AEM–PTA (80.0 wt%) was due to the presence
f PTA. In consideration of the calcined residue of PTA is a mix-

ure of WO3 and P2O5 [19], the amount of PTA and W (15.2 wt%)
n MSN/AEM–PTA could be estimated. And the amount of W on
he surface of MSN/AEM–PTA was probed by EDX (Fig. 2c). This
olume 14.4 wt% is near to 15.2 wt%, indicating that PTA anions
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ig. 3. The TGA spectra of MSN  (a), MSN/AEM (b) and MSN/AEM–PTA (c) with 5%
EM.
(b) and MSN/AEM–PTA (c) with 5% AEM.

were located on the surface of MSN/AEM–PTA. The characteristic
peaks for C, O, Si, N and W in XPS spectrum shown in Fig. 4 further
confirmed the composition of MSN/AEM–PTA.

3.1.2. FT-IR characterization
Fig. 5 showed the typical FT-IR spectra of MSN and

MSN/AEM–PTA. Both 597 cm−1 and 467 cm−1 in MSN  and
MSN/AEM–PTA indicated that they contain both magnetite and
maghemite [20]. The band at 1084 cm−1 attributed to the Si–O–Si
stretching mode became stronger and broader for MSN/AEM–PTA,
indicating that AEM was  immobilized on SiO2 through the conden-
sation reaction [21]. The IR results above were according with XRD
results (see Supplementary data Fig. S1). For MSN/AEM–PTA, the
characteristic absorption bands at 2924.9 cm−1 and 2853.1 cm−1

were ascribed to CH2 originated from silane coupling agent,
suggesting the alkyl groups have been successfully grafted on
MSN  [22]. Moreover, the set of peaks at 978.7 cm−1, 899.4 cm−1

and 821.3 cm−1 attributed to PTA presented in the spectrum of
MSN/AEM–PTA demonstrating that the Keggin structure of PTA
almost is remained [23]. The absorption peaks at 3400 cm−1 and

−1
1628 cm can be assigned to the adsorbed water on the silica shell
or the silanol groups of the silica, which is a common characteristic
of the silica formed in aqueous solutions [24].

Fig. 4. The XPS spectrum of MSN/AEM–PTA with 5% AEM.
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Fig. 5. The FT-IR spectra of MSN  and MSN/AEM–PTA with 5% AEM.

.1.3. Magnetic properties
The magnetic properties of MSN  and MSN/AEM–PTA were mea-

ured by VSM. Field-dependence hysteresis loops of MSN  and
SN/AEM–PTA were presented in Fig. 6. The saturation magne-

ization value of MSN  was 18.18 emu/g at 300 K. The hysteresis
nd coercivity were almost undetectable, suggesting that MSN  has
uperparamagnetic property at room temperature. The saturation
agnetization value of MSN/AEM–PTA was 16.32 emu/g at 300 K,
hich was a little lower than that of MSN. The difference can

e attributed to the nonmagnetic organic components which can
educe the total magnetization [25].

.2. MSN/AEM–PTA used as catalytic microreactors in deep
xidative desulfurization

.2.1. The oxidation of DBT to sulfone catalyzed by
SN/AEM–PTA nanoparticles

According to the characterization results, the structure of
SN/AEM–PTA particle was showed in Scheme 2. The as-

repared MSN/AEM–PTA particle has the core/shell structure.

he core is magnetic SiO2 to ensure the magnetic susceptibility
f MSN/AEM–PTA, which makes the separation easy. The out
ayer is composed of the amphiphilic quaternary ammonium

Fig. 6. The typical VSM magnetization curves of MSN  and MSN/AEM–PTA.
Fig. 7. The effect of the amount of AEM in MSN/AEM–PTA on the desulfurization
rate. V(H2O2) = 300 �L; the amount of MSN/AEM–PTA = 0.12 g; DBT concentra-
tion = 2800 ppm.

heteropolyoxotungstate. It can be divided to hydrophilic area
and hydrophobic area. The hydrophobic area formed by the alkyl
chains of quaternary ammonium salt can introduce hydrophobic
DBT to the surface of catalyst layer. The hydrophilic area formed
by the moieties of heteropolyoxotungstate anion and quaternary
ammonium cation plays the roles not only in the catalysis but also
in storage of hydrophilic reactant (H2O2) and product (the sulfone).
Based on the above structural features, it can be expected that
MSN/AEM–PTA can play a good role in the catalysis and the simul-
taneous separation of catalyst and product. Namely, this material
makes integration of micro-reactor and micro-extractor possible.

To investigate the influence of some reactive factors on desul-
furization efficiency, the factors including the amount of AEM, the
amount of H2O2, DBT concentration and recycling times of the cat-
alyst were considered. The results were discussed in the following
sections.

3.2.2. Influence of the amount of AEM on the desulfurization rate
Fig. 7 illustrated the effect of the amount of AEM in

MSN/AEM–PTA on the deep oxidative desulfurization. The samples
with AEM content ranging from 5% to 15% exhibited almost the
same catalytic activity. They all took about 20 h to completely oxi-
dize DBT. According to the detection limit of the method we used,
DBT concentration in the end of reaction was  less than 5 ppm (sul-
fur content less than 0.87 ppm). However, MSN/AEM–PTA with 1%
AEM has an obvious superiority in the catalytic activity. The above
results can be attributed to the following reason. Although the sam-
ples with the higher amount of AEM are favorable to the catalysis
due to their higher amount of supported catalysts and their well
dispersion in decahydronaphthalene, their high hydrophobicities
are unfavorable to introduce reactant H2O2 into the hydrophilic
inner layer of MSN/AEM–PTA. MSN/AEM–PTA with 1% AEM was
amphiphilic and it can be wetted by both water and decahydron-
aphthalene (see Supplementary data Figs. S2 and S3). The results
shown here indicate that the suitable amount of AEM immobi-
lized onto the surface of MSN/AEM–PTA is very important in using
MSN/AEM–PTA as diphase catalyst. Based on the results above
mentioned, MSN/AEM–PTA with 1% AEM was  selected in the fol-
lowing experiments.

3.2.3. Influence of the amount of H2O2 on the desulfurization rate

Fig. 8 showed the effect of the amount of H2O2 on the desul-

furization rate. In the experiment, the different amounts of H2O2
(200 �L, 300 �L and 400 �L) were selected. As shown in Fig. 8, the
amount of H2O2 has a strong influence on the reaction rate. When
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be attributed to the following reasons. The literature reported that
H2O2 in the dried silica was  less stable than that in the humid silica
[27]. Firstly, the water molecules can stabilize hydrogen peroxide
ig. 8. The effect of the amount of H2O2 on the desulfurization rate. The amount of
SN/AEM–PTA with 1% AEM = 0.12 g; DBT concentration = 2800 ppm.

he amount of H2O2 was increased from 200 �L to 400 �L, the DBT
emoval rate increased from 55% to 96% within 8 h. And the DBT
emoval rate could reach 100% for both 300 �L and 400 �L H2O2
ithin 22 h. It is worthy of note that DBT removal rate for 400 �L
2O2 is less than that for 300 �L. This finding is possibly related to

he storage capability of the MSN/AEM–PTA nanoparticles for H2O2.
oo much of H2O2 makes the surface of MSN/AEM–PTA nanoparti-
les hydrophilic, which is unfavorable to disperse the nanoparticles
n hydrophobic medium due to the aggregation formed in this case.
s a result, the reaction rate decreases.

Additionally, the molar ratio of 200 �L H2O2 to 0.0625 g DBT
5.8:1) far exceeds the stoichiometric requirement for complete
xidation of DBT to the corresponding sulfone. However, only 60%
BT was oxidized in case of using 200 �L H2O2. This finding implies

hat hydrogen peroxide was unexpectedly consumed in this situa-
ion. Barmatova et al. has found that iron could cause unproductive
ecomposition of H2O2 [26]. In fact, a few bubbles were observed
hen fresh catalyst nanoparticles were immersed in hydrogen per-

xide. In the experiments, the catalytic reaction kept silence in
resence of 0.12 g catalyst after 10 h reaction. The catalytic reaction
as continued as the catalytic material was reduced (for exam-
le, 0.03 g of the catalytic material was used). The result further

ndicated that the contradiction between the experimental find-
ng and theoretic conjecture is possibly related to a side reaction of

SN/AEM–PTA-catalyzed decomposition of H2O2. The results were
hown in Fig. 8.

.2.4. Influence of DBT concentration on the desulfurization rate
The effect of DBT concentration on the desulfurization rate was

hown in Fig. 9. In the experiments, DBT concentration was  selected
rom 467 to 2800 ppm. The amounts of H2O2 and MSN/AEM–PTA
ith 1% AEM were 300 �L and 0.12 g, respectively. Clearly, the
esulfurization rate increased with the decrease of DBT concentra-
ion, indicating that the higher the initial concentration of DBT, the

ore difficult the complete removal of S [18]. The results shown in
ig. 9 also implied that it is potential to extend the range of DBT con-
entration in this case. Although the highest initial concentration
f DBT in the present experiment was 2800 ppm, the active sites
n the given amount of MSN/AEM–PTA nanoparticles were not yet
ully saturated with DBT molecules. This conjecture can be veri-
ed by the relationship between initial concentration and initial

eaction rate for DBT (shown in insert of Fig. 9). It was  obviously
howed that no rate saturation behavior was observed in the range
f 467–2800 ppm. So, MSN/AEM–PTA nanoparticles may  be used
Fig. 9. The effect of DBT concentration on the desulfurization rate. The amount of
MSN/AEM–PTA with 1% AEM = 0.12 g; V(H2O2) = 300 �L.

in the catalyzed desulfurization at the concentration range above
2800 ppm.

It is worth pointing out that MSN/AEM–PTA nanoparticles used
as catalytic material have advantages in enhancement of reac-
tion rate. For MSN/AEM–PTA, both catalytic moieties and reactant
H2O2 are simultaneously concentrated in the limited region, which
lead to high local concentrations of H2O2 and catalysts. Logi-
cally, this situation is especially important for the desulfurization
with low concentration of DBT. Based on the results and discus-
sion mentioned above, the structural MSN/AEM–PTA nanoparticles
offer a logical strategy for the design of new catalysts used in
water/organic diphase systems.

3.2.5. Recycling studies
The results of the recycling efficiency of MSN/AEM–PTA

nanoparticles were shown in Fig. 10.  The results obviously showed
that MSN/AEM–PTA could be recycled effectively several times
with satisfactory results. Interestingly, the performance of the
fresh MSN/AEM–PTA is poorer than that of the reused one. Using
reused particles, the desulfurization rate could rapidly exceed 90%
in 3 h, reach about 100% in 5 h. This phenomenon observed may
Fig. 10. The recycling efficiency of MSN/AEM–PTA used in the desulfurization. The
inset displays the GC pattern of the acetone eluate of the used MSN/AEM–PTA.
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hrough the formation an effective strengthening of hydrogen
onding to reduce hydrogen peroxide desorption rate from the
ilica matrix. Secondly, water molecules can neutralize catalytic
ites of transition metals thus inhibiting chemical decomposition
f the hydrogen peroxide. Additionally, hydrogen peroxide is often
sed to hydroxylate glass surface by increasing silanol groups [28].
ombining our finding and the aforementioned results in literature,
he higher catalytic performance of the reused MSN/AEM–PTA is
ossibly related to the higher stability of H2O2 in reused catalytic
aterial because there are more silanol groups in reused catalytic
aterial to control the mobility of H2O2. Although the unexpected

nding implies that the reused MSN/AEM–PTA nanoparticles have
 good performance in the catalyzed desulfurization, to avoid the
nproductive decomposition of H2O2 caused by the iron oxide in
he prepared material should be highly regarded.

Furthermore, the recovered MSN/AEM–PTA nanoparticles were
ashed with acetone, and the sulfone was found in the acetone

luate (GC pattern as an insert shown in Fig. 10). The finding
ndicates that the sulfone could be extracted by MSN/AEM–PTA
anoparticles. Although the extraction ability of MSN/AEM–PTA
anoparticles is not perfect, the inspiration from this finding may
e significant to design the multifunctional catalytic materials.

. Conclusions

To get the reusable catalyst with easy separation and high
atalytic performance used in the deep desulfurization using
2O2 as an oxidant, the composite nanospheres with super-
aramagnetism core and amphiphilic quaternary ammonium
eteropolyoxotungstate shell were prepared. The results indicate
hat this protocol is feasible. The performances mentioned above
re attributed to the specific structure and components of the pre-
ared nanoparticles. The core with superparamagnetism makes
eparation of the nanoparticles easy under external magnetic field.
he shell composed of the amphiphilic quaternary ammonium het-
ropolyoxotungstate could not only introduce hydrophobic DBT to
he catalytic active sites with hydrophilicity but also store H2O2 and
olar product in the hydrophilic layer. Additionally, the suitable
mount of catalysts immobilized on the nanoparticles and hydro-
en peroxide used as reactant are necessary for the high efficiency
f desulfurization. The results here offer a new protocol that the
icro-reactor and micro-extractor could be integrated by molecu-

ar design in one material. The inspiration from this protocol may
e significant to design multifunctional catalytic materials used in
he water/organic diphase systems.
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