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Three peroxo-molybdenum amino acid complexes (PMAACs) were synthesized and characterized. Their
catalytic activities for oxidation of dibenzothiophene (DBT) in extraction and catalytic oxidative desul-
furization system (ECODS) were evaluated using different ionic liquids. Comparing with simple catalyst
Na;Mo04-2H,0 in ECODS, PMAACs were effective wide-ranging catalysts and exhibited high desulfu-
rization efficiency not only in water-miscible IL [bmim]BF, but also in water-immiscible [bmim]PFg,

[omim]BF; and [omim]PFs. Especially 4,6-dimethyldibenzothiophene (4,6-DMDBT), the most difficult
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refractory compound in HDS, could be completely removed under optimal conditions. The reaction
mechanism and desulfurization differences between using Na;MoO4-2H,0 catalyst and PMAACs in
water-miscible and water-immiscible ionic liquids have been investigated and explained by UV-vis.
Kinetic parameters of the oxidation of DBT, BT and 4,6-DMDBT were studied.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Recently, a novel liquid-liquid extraction and catalytic oxidative
desulfurization system (ECODS) has been reported by our groups,
which may develop a simple, safe, reproducible and environment
friendly post-treatment to the traditional hydrodesulfurization
(HDS) in order to achieve ultra-deep desulfurization [1]. Some
refractory sulfur compounds, such as dibenzothiophene (DBT) and
its derivatives 4,6-dimethyldibenzothiophene (4,6-DMDBT) were
difficult to remove via HDS. Oxidative desulfurization (ODS) has
attracted wide attention for its advantages, such as complementar-
ity to HDS and mild reaction conditions. The reactivity of DBT and its
derivatives in ODS is reverse to that in HDS, and these S-compounds
can easily be removed [2-4].

Various oxidative desulfurization systems have been reported
in the literature before, such as, organic acid/H,0, [5-7],
heteropolyacid/H,0, [8-11], polyoxometalates/H,0, [12-16],
aldehyde/O, [17,18], TS-1/H50, [19], ionic liquids/H,0, [20-25].
ODS processes usually were achieved through two steps. Firstly,
sulfur compounds were selectively oxidized to sulfoxides and sul-
fones, which would then be removed by appropriate extractants
or adsorbents [26-28]. ECODS with ionic liquids could reduce the
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steps and develop a green and effective one-pot desulfurization
method. DBT and its derivatives were extracted into ionic liquids
and were oxidized to their corresponding sulfoxides and sulfones,
which are highly polar and more easily stay in IL.

In our previous work, commercially available catalysts such
as N32M004-2H20, H2M004, (NH4)6M07024-4H20, H3PMO12040~
13H,0, (NH4)3PM012040-7H20 and Na3zPMoq,049-7H,0 have
been studied and exhibited high desulfurization efficiency
in ECODS using water-miscible [bmim|BF4. In the case of
Nay;Mo04-2H,0, detailed experiments were plotted including
optimizing conditions, investigating different ionic liquids and sug-
gesting the process of ECODS and so on [1]. However, this kind
of Na;Mo0O4-2H, 0 catalyst exhibited low desulfurization in water-
immiscible ionic liquid. As a new desulfurization system, there is
still much room for the development of more efficient and wide-
ranging catalysts in different ionic liquids.

Pioneering works indicated that catalyst active center was
virtually molybdenum peroxide species [29,30]. In this work,
molybdenum peroxide species were caught using three amino
acid ligands, and three peroxo-molybdenum amino acid complexes
(PMAACs) were synthesized and characterized. Their catalytic
activities in ECODS were evaluated using different kinds of ionic lig-
uids. Comparing with NaMoOg4-2H;0 catalyst in ECODS, PMAACs
were effective wide-ranging catalysts and exhibited high desulfur-
ization efficiency not only in water-miscible IL [bmim]BF4 but also
in water-immiscible [bmim]PFg, [omim]BF4 and [omim]PFg. The
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reaction mechanism and desulfurization difference between using
Na;Mo0y4-2H, 0 catalyst and PMAACs in water-miscible and water-
immiscible ionic liquids have been investigated and explained.

2. Experimental
2.1. Materials

Benzothiophene (BT), DBT, 4,6-DMDBT were purchased from
Sigma-Aldrich. Other materials were commercial reagent grade
and obtained from Shanghai Sinopharm Chemical Co., Ltd.

2.2. Characterization of catalysts

Elementary (C, H and N) analyses were performed using CHN-
O-Rapid (Heraeus Corporation). The content of Mo was measured
by the gravimetry. The content of active oxygen was measured by
the iodine titration. Thermogravimetry and differential scanning
(TG/DSC) were done on STA-449C Jupiter (NETZSCH Corporation,
Germany). Sample weighing about 10 mg was heated from 30 to
750°C at a heating rate of 10°C/min in a dynamic air atmosphere.
FT-IR spectrum was performed on a Nicolet FT-IR spectropho-
tometer (Nexus 470, Thermo Electron Corporation) using KBr disks
at room temperature. UV-vis spectra were recorded on UV-2450
spectrophotometer (Shimadzu Corporation, Japan).

2.3. Preparation of catalysts [31]

Preparation of MoO(0O5),-C;HsNO,: 30.0 mmol MoO3 was dis-
solved in 30 wt.% H, 0, (30.0 mL) by stirring at 40 °C for 5 h. Gradual
addition of 30.0 mmol glycine acid to the above solution under stir-
ring produced the clear yellow solution. The solution was leftat 5 °C,
and after about 24 h the bright yellow crystals were obtained. The
solid was filtered off, washed with 95% ethanol and dried in vacuo
at 50°C.

Preparation of MoO(0,),C3H7NO,-H,0: 30.0 mmol MoO3 was
dissolved in 30wt.% H,0, (30.0mL) by stirring at 40°C for 5h.
30.0 mmol alanine dissolved in 20 mL deionized water was added
gradually to the above solution under stirring and clear yellow solu-
tion was produced. A small portion of this solution was evaporated
and the residue was left at 5 °C. After about 48 h, the yellow crystals
were obtained. The solid was filtered off, washed with 95% ethanol
and dried in vacuo at 50°C.

Preparation of Mo0O(0;),-CsHgNO4-H,0: MoO3 (30.0 mmol)
was dissolved in 30 wt.% H0, (40.0 mL) by stirring at 40°C for 5 h.
Gradual addition of 30.0 mmol glutamic acid to the above solution
under stirring produced the clear yellow solution. The solution was
left at 5°C, and after about 24 h the bright yellow crystals were
obtained. The solid was filtered off, washed with 95% ethanol and
dried in vacuo at 50°C.

2.4. Desulfurization experiments and analysis of sulfur content in
simulated diesel

The extraction desulfurization experiments were carried out
at 30°C for 15 min. The extraction coupled with catalytic oxida-
tive desulfurization experiments was carried out in a home-made
40 mL two-necked flask. The mixture, containing 5 mL of simulated
diesel, 30 wt.% H,0,, 1 mL of ionic liquid and catalyst, was stirred
vigorously.

After reaction was completed, the upper simulated diesel phase
was withdrawn and analyzed by gas chromatography with n-
tetradecane as internal standard, coupled with a flame ionization
detector (GC-FID). A 15 m x 0.32 mm inner diameter x 1.0 pm film
thickness SE-54 capillary column was used for separation. High
purity nitrogen and hydrogen were used as carrier and fuel for FID,

10 °C/ min, 200 °C

Carrier:

high purity nitrogen
Carrier Flow rate: 60 mL/min
Hydrogen Flow rate: 60 mL/min

20°C/ min, 130°C

Air Flow rate: 220 mL/min
Split Ratio: 100:1
Injection Volume: 0.4 ul
Injector Temp: 340°C
Detector: FID, 250 °C

Scheme 1. Chromatographic conditions for composition analysis.

respectively. Sample volume of 0.4 L was injected without any
solvent dilution. The temperature profile is given in Scheme 1.

3. Results and discussion
3.1. The composition of catalysts

The data of elemental analyses, the content of Mo and active
oxygen of catalysts are listed in Table 1.

3.2. The TG/DSC of catalysts

TG/DSC of three catalysts under nitrogen is shown in Fig. 1.
The results indicated that MoO(0O5 ),-C;HsNO, excluded crystalline
water because there was no mass loss under 100°C, as shown
in Fig. 1a. MoO(05),-C;H5NO, decomposed with mass loss in the
first step at 140.2°C and the corresponding exothermic peak of
DSC curve emerged, which indicated that peroxo species decom-
posed. Then, from 199.2 °C to 325.0°C Mo0O(0,),-C;H5NO, went
on decomposing, the mass loss of the second step attributed to the
organic complex leaving. The final remainders were molybdenum
oxide. To other catalysts (Fig. 1b and c), there was a mass loss of
about 100 °C, which corresponded to the loss of water molecules
weakly bound to catalysts. After 100°C, TG/DSC curves showed a
similar decomposition process as MoO(0; ),-CoH5NO,.

3.3. The infrared spectra of catalysts

The IR spectra of complexes are shown in Table 2. There were
four characteristic bands of ¥(Mo=0), ¥(0-0), vsym[Mo(02)] and
Vasym[M0(07)]. As for MoO(05 ),-C,H5NO;, strong band at 969 cm~!
was assigned to ¥(Mo=0) of terminal oxo group and near 878 cm~1,
860 cm~! were due to ¥(0-0) of peroxo ligands. The bands at 654
and 579cm~! were probably due to asymmetric and symmetric
stretches of the Mo(0O,) unit. Similar results were obtained by
the literature [31]. The general similarity of infrared spectra of
MOO(02)2~C3H7N02-H20 and MOO(02)2~C5H9NO4-H20 suggested
a similar structure for all three anions in Table 2.

3.4. Investigation of the different desulfurization systems

DBT was chosen as a sulfur compound representative
of the main refractory sulfur-containing compounds in fuel
by HDS treatment. Peroxo-molybdenum amino acid complex
Mo0(03),-CoHsNO, was used as a catalyst to investigate the
removal of DBT in [Bmim|BF4 and [Bmim]PFgs. The conversion of
DBT in simulated diesel was used to calculate the removal of sulfur.
When [Bmim|BF,4 and [Bmim|PFg were used as extractants for DBT-
containing simulated diesel at 30°C, the S-removal only reached
13.6% and 11.1%. With the addition of H,0, in [Bmim]BF, and
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Table 1
Elementary analyses, gravimetry and the content of active oxygen of catalysts.
Entry Catalyst Data C% H% N% Mo% 0%
1 MoO(0;),-C;HsNO, Exp. 8.96 2.40 4.94 34.90 11.88
Calc. 9.57 2.01 5.58 35.66 11.90
2 MoO(0,),C3H7NO,-H,0 Exp. 12.29 2.98 5.42 34.28 11.58
Calc. 12.73 3.20 4.95 33.90 11.31
3 MoO(-03),-CsHgNO4-H,0 Exp. 18.02 345 3.96 27.51 9.69
Calc. 17.61 3.25 4.11 28.13 9.38

[Bmim|PFg, the S-removal of 31.5% and 39.2% was achieved after
chemical oxidation, respectively. Both [Bmim|BF4 and [Bmim|PFg
were immiscible with simulated diesel. However, aqueous hydro-
gen peroxide could be dissolved in [Bmim|BF4 and bi-phasic system
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Fig. 1. TG-DSC of catalysts.

was formed, in which the oil phase was the upper layer and IL phase
was the lower layer. To [Bmim|PFg, tri-phasic system was formed,
in which the oil phase was the upper layer, aqueous hydrogen per-
oxide as oxidizing agent was in the middle and IL phase was the
lowest layer.

In our previous work [1], we have reported that Na,Mo0O4-2H,0
as a catalyst revealed a deep removal of DBT from sim-
ulated diesel in water-miscible [Bmim|BF; (99.0%), however,
this commercially available catalyst exhibited low removal of
DBT in water-immiscible [Bmim]PFg (69.8%). In this work,
removal of DBT increased to 99.2% in water-immiscible ionic lig-
uid [Bmim]PFg using peroxo-molybdenum amino acid complex
Mo0(0,),-CoH5NO, as a catalyst and remained 99.0% in water-
miscible ionic liquid [Bmim]BF, (Table 3, Entry 4). The results
indicated that PMAAC played a significant role in the ECODS, which
exhibited high catalytic activity not only in the bi-phase reaction
system, but also in the tri-phase reaction system. As for other
PMAAGCs, the results indicated that high desulfurization efficiency
was achieved in other water-immiscible ionic liquids.

The oxidative desulfurization system merely containing cat-
alyst and Hy0, led to 2.0-3.4% S-removal in the absence of IL,
which could be attributed to the self-decomposition of most hydro-
gen peroxide under 70°C in the presence of catalyst. According to
experimental observation, large numbers of small oxygen bladders
were observed by naked eyes and hydrogen peroxide decomposed
completely in very short time in the presence of PMAACs. These
results also demonstrated that ionic liquids not only served as
extractant and reaction medium but also acted as stabilizing agent
of hydrogen peroxide in reaction.

3.5. The mechanism and desulfurization difference of ECODS

In order to interpret the desulfurization difference between
using NaMoOg4-2H;0 catalyst and PMAACs in water-miscible and
water-immiscible ionic liquids, DBT was selected as a sulfur com-
pound representative of those in fuel, and the process and mecha-
nism of oxidative desulfurization in water-miscible [Bmim|BF4 and
water-immiscible [Bmim|PFs were investigated by UV-vis spec-
tra. As shown in Fig. 2a, the UV-vis spectrum of [Bmim|BF, was
the same as that of [Bmim]BF4/Na;Mo0O4-2H,0, but was differ-
ent from the UV-vis spectrum of [Bmim]BF4/Mo0O(0;),-CoH5NO>.
Both [Bmim|BF4 and [Bmim|]BF4/Na;MoO4-2H,0 had no peak from
300 nm to 400 nm wavelength, which indicated that Na;MoO, did
not dissolve in IL. However, the UV-vis spectrum of [Bmim]BF,
mixed with MoO(0O,),-C;H5NO, had a peak at 348 nm wavelength
(Mo=0) [31]. The results showed MoO(0O,),-C;HsNO, dissolved in
IL and the peak of 348 nm was exhibited by the catalyst in IL. To
the UV-vis spectra of [Bmim]PFg, [Bmim]PFg/Na;MoO4-2H,0 and
[Bmim]PFg/MoO(05),-C;H5NO,, the same rule of the above results
could be applied (Fig. 2b).

Though there were two (oil and IL phases) or more phases
(oil, aqueous and IL phases) in all ECODS, the oxidation reac-
tion virtually occurred in IL phase. In the case of [Bmim]BFy,
substrate, catalysts(Na,MoO,4-2H,0 or MoO(0;),-C;HsNO;) and
oxidant were all in IL phase during the reaction process. So this
reaction was homogeneous-like and exhibited high sulfur removal
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Table 2
Data of IR spectra of catalysts.
Entry Catalyst IR (cm™1)
¥(Mo=0) ¥(0-0) Vsym[Mo(02)] Vasym[Mo0(02)]
1 Mo0(03),-C;H5NO; 969 878, 860 579 654
2 Mo0(03),-C3H7NO;»-H,0 964 894, 852 558 611
3 Mo0(03),-CsHgNO4-H,0 976 913, 866 558 628
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Fig. 2. UV-vis spectra of [Bmim|]BF4 and [Bmim|]PFs system.

(Scheme 2a). Ionic liquid not only served as an extractant and
reaction medium but also acted as stabilizing agent of hydrogen
peroxide in reaction.

However, [Bmim]PFg was immiscible with aqueous hydrogen
peroxide, so Na;MoO4-2H,0 and the oxidant were partitioned with
[Bmim|PFg and the reaction was heterogeneous-like (Scheme 2b).
Ionic liquids only served as an extractant, which could not pre-
vent H,0, from self-decomposing. The catalyst and H,0, touched
directly and led to H,O, decomposing drastically side-reaction. So
low catalytic activity of [Bmim]PFg/Na;Mo0O4-2H,0 was attributed
to the low utilization of H,05.

In the case of MoO(0O; ),-C;H5NO; as a catalyst, it exhibited high
desulfurization efficiency in [Bmim|PFg because the catalyst could
dissolve in IL but aqueous hydrogen peroxide could not. The cata-
lyst and H,0, were partitioned, and H,0, decomposition slowed
down. The oxidation of DBT virtually occurred with molybdenum
peroxide species [29,30]. MoO(0; ),-C,H5NO, catalyst could trans-
fer active oxygen of H,0, to IL phase. DBT was extracted into IL
and MoO(0,),-C2H5NO, was also in IL phase. So the reaction was
homogeneous-like (Scheme 2c), which led to high catalytic reactiv-
ity. Ionic liquid also served as an extractant and reaction medium.

Table 3
Different desulfurization systems of model diesel oil.?

Entry Desulfurization system Sulfur removal (%)

[Bmim|BF4 [Bmim]PFg Without IL

1b IL 13.6 11.1 -

2 IL/H,0, 31.5 39.2 -

3¢ IL/NazMo0O4-2H,0/H, 0, 99.0 69.8 41

4 IL/Catalyst I/H,0, 99.0 99.2 2.0

5 IL/Catalyst II/H, 0, 98.8 99.1 2.8

6 IL/Catalyst IlI/H,0, 98.9 99.2 34

2 Reaction conditions:  Catalyst [1=MoO(0;);-CoHsNO,, Catalyst II=
MoO(0, ),C3H7NO;-H0, Catalyst [II=Mo0(03);-CsHgNO4-H, 0, t=3h,
T=70°C, V(simulated diesel)=5mL, V(IL)=1mL, (n(DBT)/n(Catalyst)=10),

(n(H20,)/n(DBT)=4).
b The mixture was stirred at 30°C for 15 min.
¢ Results from previous work [1].

In order to validate these results, the experiments of decompo-
sition of hydrogen peroxide were plotted. Only catalyst, hydrogen
peroxide and ionic liquid were mixed under the simulated desul-
furization reaction condition to study oxygen evolution. The data
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Fig. 3. Investigating the decomposition of hydrogen peroxide. Reaction conditions:
T=70°C, V(IL)=1 mL, n(Catalyst)=0.156 mmol, V(H,0;) =100 L.

in Fig. 3 showed that hydrogen peroxide decomposed drastically
in [Bmim]PFg/Na;Mo0O4-2H,0/H, 05 tri-phase reaction system and
8.9mL and 11.3mL oxygen were collected in 1 min and 15 min,
respectively. After 1h, hydrogen peroxide could not be detected
with potassium iodide starch test paper in [Bmim|PFg. The results
indicated that a majority of hydrogen peroxide could not take
part in the oxidation, which led to lower sulfur removal (69.8%).
In the case of other reaction systems, hydrogen peroxide self-
decomposition became calm. The results showed that these
reaction systems became moderate and catalyst could make full
use of hydrogen peroxide. In a word, PMAAC played an important
role in extraction and catalytic oxidative desulfurization, which
exhibited high desulfurization not only in water-miscible but also
in water-immiscible IL.

3.6. Influence of removal of DBT in simulated diesel

Removal of DBT with MoO(0O, ),-C;HsNO>, as a catalyst in water-
immiscible ionic liquid ([Bmim]PFg) in various conditions was
studied and listed in Table 4. The results indicated that the higher
the reaction temperature was and the longer the time was, the
greater the removal of DBT was. DBT removal was 48.0% at 30°C
and increased to 99.2% at 70°C. DBT removal can reach 91.9% in
1h and can be increased to 98.4% extending 2 h. After 3 h, DBT was
nearly completely removed under the temperature of 70°C, with
a removal of 99.2%. The data also showed that the amount of cat-
alysts made the positive contribution to the oxidation reactivity.
When the ratio of n(DBT)/n(Catalyst) was 50 and 20, the catalytic

Table 4
Investigation of different desulfurization conditions.

Table 5
Influence of the nature of the IL on the removal of DBT.

IL S-removal (%)

N32M004-2H20 MOO(Oz)z-CszNOZ

[Bmim|]BF4 99.0 99.0
[Omim|]BF, 67.6 98.7
[Bmim|]PFg 69.8 99.2
[Omim|]PFg 77.8 99.3
Reaction conditions: V(simulated diesel)=5mL, (n(DBT)/n(Catalyst)=10),

(n(H0,)/n(DBT)=4), T=70°C, t=3h, V(IL)=1 mL.

active centers were not enough to catalyze the reaction and the
removal of DBT was only 55.8% and 82.5%, respectively. When the
amount was increased (n(DBT)/n(Catalyst) = 10), the sulfur removal
can get to 99.2%. The amount of IL was a vital parameter to influ-
ence the desulfurization efficiency. Without IL, the sulfur removal
was nearly equal to zero. With 1 mL and 2 mL ILs, the sulfur removal
reached 99.2% and 100.0%, respectively. These results indicated that
the larger amount of IL led to the higher desulfurization. The added
amount of H,0, and the catalyst had a great influence on the reac-
tion. When the ratio of n(H,0,)/n(S) was up from 2.0 to 4.0, the
sulfur removal increased sharply from 72.6% to 99.2%. Because there
were competing reactions between the DBT oxidation by H,0, and
the self-decomposition of H,0-, and twice stoichiometric amount
of H,0, could get high sulfur removal, which could be testified in
mechanism section.

3.7. Investigation of desulfurization in different ionic liquids

Compared with the desulfurization effect of simple catalyst
Na;Mo0O4-2H,0 and MoO(0,),-C,HsNO, in water-miscible and
water-immiscible ionic liquids, the results (Table 5) indicated that
the simple catalyst exhibited high sulfur removal in water-miscible
ionic liquid and low sulfur removal in water-immiscible ionic lig-
uids. However, PAAMCs showed high sulfur removal not only in
water-miscible ionic liquid but also in water-immiscible ionic lig-
uids. ECODS with Na;Mo0O4-2H;0 as a catalyst only led to 67.6%,
69.8% and 77.8% sulfur removal in [Omim|BF,4, [Bmim]|PFg, and
[Omim|PFg. As for the MoO(0O;),-C;H5NO, catalyst, there was an
obvious increase of sulfur removal in three ionic liquids, reaching
98.7%,99.2% and 99.3%, respectively. The results indicated PMAACs
were effective and wide-ranging catalysts in different ionic lig-
uids.

3.8. ECODS of different sulfur compounds in simulated diesel

4,6-DMDBT is very difficult to remove in HDS due to stereo
hindrance. In our previous work [1], we have reported that
Nay;Mo04-2H,0 as a catalyst in ECODS revealed 61.0% and 89.5%
desulfurization in 8 h to remove BT and 4,6-DMDBT, respectively.
The results indicated that the activity of simple Mo-species was
not high. In this paper, MoO(0O>),-C;H5sNO; as a catalyst exhibited

Entry Temperature ( °C) Time (h) n(DBT)/n(Catalyst)? n(H,0,)/n(DBT)? IL (mL) S-removal (%)
1 30 3 10 4 1 48.0
2 50 3 10 4 1 88.0
3 70 3 10 4 1 99.2
4 70 1 10 4 1 91.9
5 70 2 10 4 1 98.4
6 70 3 50 4 1 55.8
7 70 3 20 4 1 82.5
8 70 3 10 2 1 72.6
9 70 3 10 3 1 91.2

10 70 3 10 4 2 100

2 Molar ratio.
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diesel)=5mL, m(Catalyst)=0.04g, V(H,0,)=64 L, T=70°C, t=3h, V(IL)=1mL.
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Fig. 5. Pseudo-first-order kinetics for oxidation of different substrates.

high activity and effective wide-ranging to different sulfur com-
pounds such as DBT, BT and 4,6-DMDBT. The results in Fig. 4 showed
that in ECODS, to BT, the sulfur content could be lowered from
250 ppm to 16.9 ppm while to 4,6-DMDBT, the sulfur content can
be lowered from 250 ppm to 1 ppm under optimizing conditions.
Especially 4,6-DMDBT, the most difficult refractory compound in
HDS, could be completely removed in 3 h in ECODS, which contains
MOO(02)2'C2H5N02.

3.9. Kinetics study of sulfur compound catalytic oxidation

Experiments to obtain kinetic parameters of the oxidation of
sulfur compounds were performed using MoO(05),-CoH5NO, as
a catalyst in BmimPFg. Reaction kinetics were great important
parameters in ECODS. The rate constant for the apparent consump-
tion of S-compound was obtained from the pseudo-first-order
equation.

dé;

—ar = KG (M
Co B

In ot kt (2)

where Cy and C; were the sulfur concentrations at time zero and
time t (min) and k was the first-order rate constant (min—1). The
plot of In(Cy/Ct) against t, a straight line with slope k was obtained
(Fig.5). Half-lives were calculated by t; , =In 2/k, which was derived

from Eq. (2) by replacing C; with Cy/2. The apparent rate con-
stants of DBT, BT and 4,6-DMDBT were 0.0375 min~!,0.0157 min—,
0.0318 min~! and the half-lives were 18.48 min, 44.14 min and
21.79 min, respectively.

4. Conclusion

Three  peroxo-molybdenum amino acid complexes
MOO(02 )2~C2H5N02, MOO(OZ )2C3 H7NO,-H;0, MOO(O)2~C5 HgNOyg-
H,0 were synthesized and characterized by elementary (C, H
and N) analyses, TG/DSC and FT-IR which were effective wide-
ranging catalysts in the liquid-liquid extraction and catalytic
oxidative desulfurization system using different ionic liquids.
Under the optimal reaction conditions, the removal of DBT, BT
and 4,6-DMDBT reached 99.2%, 93.2% and 99.6%, respectively.
Kinetic parameters of the oxidation of sulfur compounds were
studied. The apparent rate constants of DBT, BT and 4,6-DMDBT
were 0.0375min~!, 0.0157min~!, 0.0318 min~! and the half-
lives were 18.48 min, 44.14 min and 21.79 min, respectively. The
reaction mechanism and difference of desulfurization efficiency
using simple molybdate catalysts and peroxo-molybdenum
amino acid complexes in water-miscible and water-immiscible
ionic liquids have been investigated and explained in detail by
UV-vis.
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