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Abstract 

A Keggin structure copper phosphotungstate catalyst shows considerable catalytic activity in the 
oxidation of dibenzothiophene(DBT) using molecular oxygen and air as oxidant under mild reaction 
conditions. The influence of the catalyst dosage and oxidant flow rate on desulfurization was investigated. 

The oxidation activity performance of air is close to molecular oxygen at same conditions. A remarkable 
DBT conversion appears when the air flow rate is 800mL/min. Nearly 97% DBT conversion is achieved in 
30min. This provides a new pathway to realize green oxidative desulfurization of fuels with oxygen 
as oxidant. 
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1. Introduction 

Presently, environmental pollution is one of the problematic issues worldwide, the envi-

ronment common hazardous materials that exist in our environment are NOx, SOx, COx, 

volatile organic compounds (VOCs), nitrogen-containing compounds (NCCs), sulfur-

containing compounds (SCCs)and so on. Sulfur compounds are common impurities in 

fossil fuel. The reduction in the level of sulfur compounds is very necessary and important 

because of the air pollution from SOx and the adverse impact on human health [1-2], such 

as corrosion, air pollution and acid rain which endanger human health [3]. Therefore, to 

investigate and develop a deep desulfurization technology of high efficiency and great 

stability has become a worldwide research focus. 

Oil desulfurization technology can be simply divided into hydrodesulfurization (HDS) 

and non-hydrodesulfurization (NHDS). HDS is a conventional process utilized to produce 

fuels of low sulfur contents, but the investment and operation costs are very high. However, 

it is difficult to reduce refractory sulf-containing compounds such as dibenzothiophene 

(DBT) and its derivatives. Oxidative desulfurization (ODS), applied as one kind of NHDS 

methods, has shown to be one of the most promising procedures because of its great 

potential to produce ultra clean fuels [4]. ODS is a highly selective and effective approach 

for removing heterocyclic sulfur compounds, which can have a favorable effect even under 

mild reaction condition [5-7]. 

H2O2 is the highly reactive oxidant mostly used for ODS [8-10], but the use of H2O2 suffers 

from some shortcomings, such as the low utilization efficiency of H2O2 and emulsion-

separation with fuels [11-12]. Other oxidants like organic and inorganic peroxyacids, and 

O3 have also been reported for ODS [13-15]. Taking into account environmental and eco-

nomic concerns, the utilization of O2 as the oxidant for ODS is most desirable [16-17]. Our 

investigation herein, adopting molecular oxygen and air as the oxidant, used copper 

phosphotungstate for the first time as a kind of efficient catalytic material and provided a 

new pathway to realize deep desulfurization of refractory sulfur compounds from model 

oil under eco-sustainable conditions. 

  



2. Experimental 

2.1 Materials 

All the reagents used in the preparation of the composite material were used as received. 

AR-grade phosphotungstic acid (H3PW12O40·xH2O) and copper nitrate were purchased 

from the from Tianjin Kermel chemical reagent co., ltd., China; Ethanol absolute (purity 

≥ 99.5%) was purchased from Tianjin Fuyu Fine Chemistry Co., Ltd., China; The 

chemicals used for desulfurization experiments: dibenzothiophene and n-octane were 

also used as received. Dibenzothiophene (C12H8S, 99%) was purchased from Sigma-

Aldrich. A certain amount of dibenzothiophene (DBT, 99%) was dissolved in octane to 

obtain the model oil. 

2.2 Catalyst preparation 

The catalyst of Cu1.5PW12O40·15H2O was prepared according to literature method with 

improvement [18]. The phosphotungstic acids was dried under 230oC for 3 h before use. A 

amount of phosphotungstic acid (HPW,30g) was dissolved in the mixture of distilled 

water and ethanol with stirring, and copper nitrate (Cu(NO3)2·3H2O, 3.5g) was added in 

the mixture in sequence,  continuous stirring of the mixture was performed for about 1h 

at room temperature to make it produced double decomposition reaction, the equation 

was shown as follow: H3PW12O40+1.5 Cu(NO3)2    Cu1.5PW12O40+3HNO3. After that the 

mixture was heated at 80oC to remove ethanol and then was slowly cooled to room tempe-

rature. The product was obtained by crystallizing and ageing the above mixture to dryness at 

120°C for 6 h.  

2.3 Experimental method 

A certain amount (0.123g) of dibenzothiophene (DBT, 99%) was dissolved in 60 mL 

octane three flask to obtain the model oil with 500mg/L (500 ppm) sulfur content in it, 

and then 60 mL distilled water was added as extraction agent. The mixture was stirred at 

90 oC for 10 min by water bath approach. The left of the flask connected with a gas tube 

through which oxygen was introduced into the reaction solution at a constant rate, one of 

the two side necks connected with a water-cooled reflux condenser to prevent reaction 

solution loss, and the other was closed with glass stopper. Oxygen was bubbled into the 

mixed liquid, followed by the addition of catalyst. Reaction liquid in octane phase were 

sampled respectively at a series of reaction time and then analyzed with microcoulometer.  

3. Results and discussion 

3.1. Catalytic oxidative desulfurization process (ODS) 

3.1.1 Influence of the catalyst dosage 

The effect of amount of Cu1.5PW12O40·15H2O in the catalytic process was investigated. 

Increasing the amount of catalyst improved the sulfur removal performance. The results 

indicated that it is difficult to achieve deep sulfur levels without Cu1.5PW12O40·15H2O. As 

can be seen from Figure 1, at the same reaction conditions, the curve for 0.421g (1% the 

mass of normal octane) catalyst showed a different final percentage of sulfur removal 

compared to non-catalyst. The efficiency of the catalytic desulfurization was much higher 

than that of non-catalytic (36% higher). The DBT conversion was increased with the 

dosage of catalyst. When the dosage was increased to 3% the mass of normal octane, 

the efficiency of the DBT conversion was 76% at 150 min.  

3.1.2 Influence of the oxygen flow rate  

In oxidative desulfurization reaction, the effect of oxidant was important. Therefore, 

the influence of the oxygen flow rate was studied. The results were shown in Figure 2, 

the rate of reaction increased with oxygen flow rate, and a higher extent of sulfur removal 

was achieved within 100 mL/min. The efficiencies of oxidative desulfurization decreased 

in the order of 100 mL/min > 90mL/min > 80 mL/min. However, there is a downward 

trend when the reaction to 90min with the the oxygen flow rate was 100 mL/min. Under 

those conditions, solvent volatilization rate increased rapidly, so the DBT conversion 
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decreased by degrees. The curves for 90 mL/min and 80 mL/min had similar trends with 

the time. At the optimal conditions, the DBT conversion was reached to 78%. 

 

 

Fig. 1 Oxidative desulfurization effect of diffe-

rent catalyst dosage 

Experimental conditions: initial sulfur con-

centration, 500 ppm; reaction tempera-

ture, 90oC; oxidant, O2; the flow rate of 

O2, 90 mL/min; extracting agent, distilled 

water. 

Fig. 2 The effect of the oxidant flow rate on 

the Cu1.5PW12O40·15H2O 

Experimental conditions: initial sulfur con-

centration, 500 ppm; reaction temperature, 

90oC; oxidant, O2; catalyst dosage, 2% the 

mass of normal octane; extracting agent, 

distilled water. 

3.1.3 Controlled experiments with air as oxidant 

Air was also utilized as oxidant for desulfurizaton. Comparing the efficiency of desul-

furization with others, the oxygen flow rate with 90 mL/min had higher and more stable 

DBT conversion which was 75% in 180 min. On the basis of these results, 90mL/min was 

chosen as the suitable condition to compare with air. To ensure the actual oxygen feed 

rate equivalent to 90 mL/min O2, the air flow rate was set as 450 mL/min. After 90 min, 

74% of the DBT was oxidized and removed from model oil. Then the DBT conversion has 

a downward trend with the solvent volatilization rate increased. The oxidation activity 

performance of air was close to molecular oxygen at the same conditions. Increasing the 

air flow rate from 450mL/min to 800mL/min led to a remarkable enhancement of the 

conversion of DBT. At the same conditions, the efficiency of the DBT conversion could 

reach 97% in 30min and the downward trend was not obviously. It is practically feasible 

to use air as oxidant in desulfurization, which are more economical and greener.  

 
Fig. 3 The effect of the air flow rate on the Cu1.5PW12O40·15H2O 

Experimental conditions: initial sulfur concentration, 500 ppm; reaction temperature, 

90oC; oxidant, O2 or air; catalyst dosage, 2% the mass of normal octane; extracting 

agent, distilled water. 
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4. Conclusions 

In conclusion, we synthesized the catalyst of copper phosphotungstate which showed 

considerable catalytic activity in the oxidation of DBT by using oxygen and air. This provides 

a new pathway for the ODS of fuels with oxygen as oxidant. 
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