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ABSTRACT 

Sulphur compounds are one of the most important impurities in various petroleum fractions that cause serious devastating to 

earth’s environment. Integrating of Non-Hydrodesulphurization Process with Hydrodesulphurization process can bring benefits to 

produce ultra-low sulphur diesel fuels. Using the hydrotreated Kakinada diesel fuel as a feedstock, oxidation  process during Non-

Hydrodesulphurization process has been studied using Persulfate with ultrasound for effective removal of sulphur. This technique 

without extraction and adsorption has resulted in 69% removal of sulphur. It shows a good synergic effect when extraction and 

adsorption is integrated with oxidative desulphurization using Persulfate with ultrasound.  Under the best operating conditions of 65oC 

and atmospheric pressure the sulphur content present in the diesel fuel has been decreased from 636 µg/g to 10.04 µg/g which is 

equivalent to 99.63% removal of sulphur.  
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INTRODUCTION 

The sulphur content in diesel fuels is continuously reduced by regulations imposed by various countries. Regulation of sulphur 

concentration in diesel fuel in EU is reduced from 50 ug/g in 2005 to 10 ug/g in 2010 (Breysse M et al., 2003). The current industrial 

method for removal of sulphur from fuels is hydrodesulphurization (HDS), which requires high temperature and high pressure, making 

HDS a very costly option for deep desulphurization. HDS is not effective in removing heterocyclic sulphur compounds such as 

dibenzothiophenes (DBT) and its derivatives (Attar A, et al., 1978). During Non-HDS process, the sulphur containing compounds are 

oxidized using Persulfate agent followed by adsorption, extraction and precipitation  with Ultrasound technique to remove sulphur and 

convert these compounds to their corresponding sulfoxides and sulfones.   

In this paper we try to explore the possibility of adding 1% Si-Al/Al2O3 catalyst  for enhancing the efficiency of sulphur 

removed from diesel fuel using the hydrotreated Kakinada diesel fuel feedstock and it’s a synergistic effect and to develop more effective 

process for obtaining Ultra low sulphur diesel fuel. This Non-HDS techniques offers a non-hydrogen consuming, lower capital cost, 

more sustainable alternative to conventional HDS technology and can be applied as part of an effective strategy for an alternative to 

revamping intermediate and low-pressure HDS units to produce low sulphur diesel fuels, or as means to reduce the operating cost of 

low-pressure HDS units that have already been revamped (Song C, 2003). This technique of using Persulfate agent during oxidation 

with integrating extraction and adsorption along with Ultrasound technique can be considered as an attractive revamp opportunity.  

EXPERIMENTAL SECTION 

Reaction Agents: Hydrotreated diesel fuel feedstock from Kakinada, Dibenzothiophene, Acetic Acid, n-hexane, methanol, silica-

alumina, aluminium oxide, molecular sieves, furfural, N-N-dimethyl formamide, Hydrogen peroxide, Persulfate agent. 

Experimental Method: A Mixture of hydrotreated diesel fuel, 30g of toluene, 39.4g of hexane and Persulfate agent was stirred 

continuously with diesel fuel for about 30 minutes to form a precipitate. A mixture of 14g of 98% Hydrogen Peroxide and 0.8g of 

catalyst (1% Si-Al / Al2O3) (Levy R, at al., 2001) was mixed with the precipitate formed.All these reactions were carried out at 

temperature of 50-90 oC. The oxidized diesel fuel is passed to the extracting unit containing acetone/ethanol by maintaining sufficient 

flow rate and temperature. The top layer formed is washed with methanol to remove entrained water droplets associated with it. The 

extracted diesel sample is padded through the packed bed reactor filled with Molecular sieves adsorbent (Levy R, at al., 2002). The 

sample was then treated with acetic acid and aqueous acid phase formed will be separated from separating funnel and discarded (Kocal 

et al., 2002). The sample is further treated with ultrasound apparatus with ultrasonic frequency of 30 kHz. Its ultrasonic powers can be 

changed between 50 W to 300 W. The solution volumes are determined according to the experimental requirement from 100 mL to 600 

mL. The total sulphur removed  in diesel fuel is analyzed using Gas Chromatography-Mass Spectroscopy (GC-MS).  

Model Compound Analysis: In order to explore the promotion of Persulfate agent to the Non-HDS (Macaud , et al., 2000) of diesel 

fuels and the synergistic effect between the ultrasound and Persulfate agent, the total sulphur removal at different reaction time is 

determine under three different conditions : a hydrogen peroxide – acetic acid system, a Persulfate agent with ultrasound integrated 

with adsorption and extraction (Table 1). 

Table.1.Compare and contrast with Non-HDS reaction systems 

Reaction Systems 
Total Sulphur 

removal % 
k min-1 

Correlative Coefficient 

R 

H2O2-CH3COOH 36.5 0.02567 0.9601 

Persulfate agent during 

oxidation 
64 0.43758 0.9891 

Persulfate agent with adsorption 

and extraction with ultrasound 
96 0.2134 0.9945 
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The efficiency Non-HDS process with the use of ultrasound is 0.87 times better than oxidative desulphurization.  During the 

process, the hindered sulphur compounds can undergo oxidation process leading to the corresponding sulphoxides and sulphones 

(Jochen, et al, 2004). In the presence of hydrogen peroxide the reaction will form to completion forming final sulphones products 

(Jorjani, et al., 2004).   

Many researchers have suggested that the reaction could be accelerated with an increase of the ultrasonic power. The 

desulphurization efficiency for diesel fuels is investigated under the different ultrasonic power ranging from 50 W to 300 different 

reaction systems and different reaction time. The reactivity of sulphur compounds depends on the position of alkyl groups on the 

dibenzothiophene (DBT). The peaks of C4DBT, C3DBT, C4BT, C3BT almost disappeared, while the peaks of C1BT, C2BT, DBT, 

C1DBT, C2DBT compounds did not react completely. Therefore, the higher electron density as a result of donating electron groups will 

play a significant role on the rate of the reaction (Karaca et al., 2005). The diesel sample after Non-HDS process was analyzed by GC-

MS. This process results in removal of sulphur compounds resulted in formation sulphoxides and sulphones that are relatively polar 

comparing to the original sulphur species (Fabrizio et al., 1998). This gives preferences to sulphur compounds to be easily separated 

with minimum impact on removing other aromatic hydrocarbons. Mass spectrometry was used to characterize the components in the 

range 20-600 amu. Ions pertaining to calculated sulphones moieties were extracted for convenience. GC-MS spectra was depicted for 

verifications (Table 2). It is worth noting that this is the first time that GC-MS of sulphones is reported in such detail for this process 

with Persulfate agent. 

Table.2.Sulphur compounds contents in original diesel fuel and in diesel fuel after Non-HDS Process using Persulfate agent 

with ultrasound (GC-MS data) 

Sulphur Compounds 
Original diesel fuel 

(µg/g) 

Desulphurized diesel fuel after Non-HDS 

Process with ultrasound (µg/g) 

BT 21.04 No detected 

4-MDBT 39.14 No detected 

C1DBT 14.34 No detected 

4,6-DMDBT 40.64 0.40 

1,4-DMDBT 87.00 No detected 

C3DBT 110.25 1.99 

TMDBT 130.34 2.45 

C4DBT 110.87 2.55 

C+
5DBT 92.34 2.65 

Total 636 10.04 

CONCLUSION 

This Oxidation using Persulfate agent followed by adsorption and extraction with ultrasound was found to be the most 

promising approach for the reduction of sulphur from 636 ug/g to 10.04 ug/g. The new approach of identifying the sulphones produced, 

which is based on GC-MS technique will play an important role in future to help identify more sulphur compounds in different petroleum 

products.  
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