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Abstract : Oxidative desulfurization (ODS) has received much attention in recent years because refractory sulfur compounds
such as dibenzothiophenes can be oxidized selectively to their corresponding sulfoxides and sulfones, and these products can be
removed by extraction and adsorption. In this work, The oxidative desulfurization of marine diesel fuel was performed in a batch
reactor with hydrogen peroxide (H,O,) in the presence of various supported heteropoly acid catalysts. The catalysts were
characterized by XRD, XRF, XPS and nitrogen adsorption isotherm techniques. Based on the sulfur removal efficiency of
promising silica supported heteropoly acid catalysts, the ranking of catalytic activity was: 30 H;PW»/SiO, > 30 H3PMo,»/SiO, >
30 HaSiW12/Si0,, which appears to be related with their intrinsic acid strength. The 30 H;PW12/SiO; catalyst showed the highest
initial sulfur removal efficiency of about 66% under reaction conditions of 30 C, 0.025 g mL" (cat./oil), 1 h reaction time.
However, through the recycle test of the HsPW,/SiO; catalyst, significant deactivation was observed, which was attributed to the
elution of the active component H;PW,. By introducing cesium cation (Cs") into the HsPW2/SiO; catalyst, the stability of the
catalyst was improved with changing the solubility, and the Cs’ ion exchanged catalyst could be recycled for at least five times
without severe elution.
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Figure 1. Effect of support on sulfur removal over HsPW; catalysts.

Reaction conditions: catalyst amount = 0.025 g mL"
(cat./oil), T=30 C, t =3 h, O/S molar ratio = 100.

Table 1. BET surface area of H;PW,, supported on different

supports
Sample BET surface area, Sger (m” g"l)
30 H:PW2/SiO; 310
30 H:PW 1,/ MCM-41 648
30 H:PW12/ALL,O;3 113
30 HsPWi,/AC 653
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Figure 2. Effect of catalyst amount on sulfur removal over heteropoly
acid catalysts. Reaction conditions: T=30 C,t=3h, O/S
molar ratio = 100.
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Figure 3. Effect of reaction temperature on sulfur removal over
heteropoly acid catalysts. Reaction conditions: catalyst
amount=0.025 g mL"! (cat./oil), t=3 h, O/S molar ratio
=100.
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Figure 4. Effect of reaction time on sulfur removal over heteropoly
acid catalysts. Reaction conditions: catalyst amount =
0.025¢g mL"! (cat./oil), T =30 C, O/S molar ratio = 100.
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Figure 5. XRD patterns of H;PW1,/SiO, catalysts with various
H3PW); loading.
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Table 2. Atomic composition and BET surface area of silica support
and H3;PW2/Si0; catalysts

Atomic composition” | H,PW,, BET
Sample (Wt%) loadinga) surface area,”
P | w | si | W% |Seer(m’g)
SiO, - - - 0 472
WOHPW | 46 | 237 | 752 16.6 415
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20HPWRl | sun | 399 | 592 | 285 360
SlOz
S0FPW | 6e1 | 516 | 47.4 | 384 310
SlOz
A0HPWiS | cen | 586 | 404 | 458 256
SlOz
SOEPW/ | 737 | 737 | 256 55.6 192
SlOz

® Determined and calculated by XRF analysis
b Specific surface area obtained by the BET method

o] 9 25 &shy] s =y XPS E4 2
S H:PWipo| AR S22kt Wet Si Azt 22 E WEEs
AL Az o] Al7]el gt Bl(W4h/Si2p))ell sl =25k
Figure 69 YEF AT HPW 9 ER| o] Z713to] ubet
H:PW, EHOA &5 = WO F2A} AT 9] A7)7F $7}
stod A} A|7]2] H], WED/SI2p)7t oF 40 wt%o] w2 2F
o 0|27 7tA] Aoz stutad Z71EHe Bo|u, 11 o]
Aro] SFR|FFo| A= QHukst 27) oFAFS B t) o] Atz H
E] HsPW(, 0] SRS oF 40 wt% 2272 = @3 o]alE 3
dotm, 1 o] FA|F A= thE(multi-layer)o] = -
z7} o]FR| = Aoz Wzt a8y, XRDEALZEE 40
wt% o]Ake] Gx|EFol e AAA ARte] 7= X-A 3)F
o A o2 oAt}

off K

°F 4 nm L

0.09

0.08
0.07

0.06 | . b

W(40)/Si(2p)

0.04

0.03

0.02 |

0.01 1 1 1 1
10 20 30 40 50 60

H,PW, loading (wt%)

Figure 6. XPS analysis of H;PW,/SiO; catalysts with various
H3PW; loading.
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Figure 8. Reusability test of 30 H;PW12/SiO; and 30 Cs3sPW12/SiO;
catalysts. Reaction conditions: catalyst amount=0.025 g
mL" (cat./oil), T=30 C, t=1 h, O/S molar ratio = 100.
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