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Study on Oxidative Desulfurization Catalyzed by Organic—inorganic
Heteropolyacids as Phase Transfer Catalyst

Yu, Fengli Wang, Rui*
(School of Environmental Science and Engineering, Shandong University, Jinan 250100)

Abstract In this paper, organic-inorganic heteropolyacids were prepared, including [n-CsHsNCi¢H33]5[PW4O1¢],
[TC-C5H5NC16H33]3[PMO4O16], [T[-C5H5NC12H25]3[PW4016] and [T[-C5H5NC12H25]3[PM04016]. The efﬁciency of oxidative
desulfurization was investigated on the four kinds of catalysts under the same conditions using the simulated oil prepared by
dissolving organo-sulfur in normal octane. The results show that the catalytic activity of [n-CsHsNC;¢ H33]3[PW4Oy4] is the
best. The -catalytic activity of these heteropolyacids was following the order of [n-CsHsNCsH3;3]3[PW40.6] >
[n-CsHsNC,Hys]3[PW40,6] > [1-CsHsNC6Hz313[PMo04O14] > [n-CsHsNC,H,5135[PM0o4O16]. Under the optimal experimental
conditions, pre-reaction time between H,0, and the catalyst being 10 min, reaction temperature being 60 “C, O/S molar ratio
being 10, the amount of catalyst being 1 wt% of r-octane, and the catalyst being [n-CsHsNC;4H33]3[PW4O044], the diben-
zothiophene (DBT) conversion was nearly 100% after 60 min. The catalyst [t-CsHsNC;sHz33]5[PW40;4] can be reclaimed by
auto precipitation due to the exhausting of H,O,. The results show that organic-inorganic heteropolyacids are phase transfer
catalyst and oxidative desulfurization system belongs to the phase transfer catalysis system controlled by reaction. The cata-
lytic activity of the recycled [n-CsHsNCsH3;3]3[PW40,6] is almost the same as the fresh. Then, the efficiency of oxidative
desulfurization was investigated with different simulated oils using DBT, thiophene (TH), benzothiophene (BT) and
4,6-dimethyldibenzothiophene (4,6-DMDBT), respectively. Under the same conditions, the efficiencies of oxidative desulfu-
rization decrease in the order of DBT>4,6-DMDBT>BT>TH, the result was influenced by electron density on the sulfur
atoms and the steric hindrance. It showed that the final desulfurization product of TH, BT, DBT and 4,6-DMDBT was
SO?( s SO?( , DBT sulphone and 4,6-DMDBT sulphone, respectively. [n-CsHsNC¢H33]5[PW,046] used in desulfurization
of the real diesel and the sulfur removal rate was 92.7%. The sulfur content was reduced from 355 mg/kg to 26 mg/kg. Fur-
thermore, by studying the kinetics of DBT oxidation by H,0,, the reaction order was found to be 1st to DBT. The activation
energy ranged from 47.9 kJ/mol to 55.4 kJ/mol by different organic-inorganic heteropolyacids. It indicates the reaction proc-
ess is quite fast in ODS. The new type of catalysts has a broad development prospect in oil desulfurization.
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Figure 1 IR spectra of organic-inorganic heteropolyacids, (a) [n-CsHsNCi6Hz33]3 PM04Oj6, (b) [1-CsHsNCi¢H33]3 PW4Oi, (¢) [n-CsHsNCi2Hos]:PM04Oys,

and (d) [ -CsHsNC2HasJsPW4O016

K1 GH-LHAEIEZ BRI EEE (em )

Table 1 IR spectra band of organic-inorganic heteropolyacid (cm )

Sample P—O, M=04 M—O,—M M—O.—M
[m-CsHsNC,6H33]3 PW4O16 1076 961 882 774
[7-CsHsNC2Has]s PW,4O46 1084 968 839 774
[7-CsHsNC6H33]3 PM04O16 1052 949 883 775
[7-CsHsNC2Has]s PM04Os6 1053 941 874 771

R2 R HL-TCHLI A 2 R A3 DBT # A0 2(%) 54

Table 2 The DBT removal percentage (%) with four different organic-inorganic heteropolyacids

SN I [ /min 0.5 5 10 30 60 120 180
[r-CsHsNC1,Has]sPW4Oi6 50.32 60.33 71.87 82.5 91.98 99.87 99.66
[7-CsHsNCi6H33]sPW4Oi6 57.02 61.89 77.27 90.61 99.14 99.53 99.95
[m-CsHsNC1,Has]3PM04O16 51.35 57.95 63.34 70.04 76.45 80.86 82.53
[m-CsHsNCi6Hz33]sPM04O16 52.13 60.01 69.89 74.73 83.31 92.38 95.23
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Figure 2 The effect of the pre-reaction time of H,O, and the catalyst (a), the mount of catalyst (b), temperature (c) and O/S mole ratio (d) on the simu-
lated fuel oil (Experimental conditions: initial sulfur concentration, 500 mg/kg; pre-reaction time of H,O, and the catalyst, 10 min; O/S molar ratio, 20;

temperature, 60 ‘C; catalyst dosage, 1% the mass of n-octane)
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Figure 4 The oxidative activity of different sulfur compounds
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Figure 7 Total ion chromatogram of the product of 4,6-DMDBT on
ODS (Retention times: 4,6-DMDBT, 16.052 min; 4,6-DMDBTO, sul-
fone, 18.93 min.)
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Figure 8 Mass spectrum of the oxidative product of 4,6-DMDBT (Retention time 18.93 min)
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Figure 9 The effect of oxidative desulfurization of diesel
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Figure 10 Relationship between DBT concentration and reaction time
with different catalysts (initial sulfur concentration, 500 mg/kg;
pre-reaction time of H,O, and the catalyst, 10 min; O/S molar ratio, 25;
temperature, 60 ‘C; catalyst dosage, 1% the mass of n-octane)
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