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     ABSTRACT 

This research presents a study in ultra-desulfurization of diesel fuel produced from 

conventional hydro desulfurization process, using oxidation and solvent extraction techniques. 

Dibenzothiophene (DBT) was the organosulfur compound that had been detected in sulfur 

removal. The oxidation process used hydrogen peroxide as an oxidant and acetic acid as 

homogeneous catalyst . The solvent extraction process used acetonitrile (ACN) and N-methyl – 2 

- pyrrolidone (NMP) as  extractants . Also the effect of five parameters (stirring speed :150 , 250 

, 350 , and 450) rpm, temperature (30 , 40 , 45 , and 50) 
o
C, oxidant/simulated diesel fuel ratio 

(0.5 , 0.75 , 1 , and 1.5) , catalyst/oxidant ratio(0.125,0.25,0.5,and0.75) , and solvent/simulated 

diesel fuel ratio(0.5,0.6,0.75,and1) were examined as well as solvent type. The results exhibit 

that the highest removal of sulfur is 98.5% using NMP solvent while it is 95.8% for ACN 

solvent. The set of conditions that show the highest sulfur removal is: stirring speed of 350 rpm , 

temperature 50
o
C , oxidant/simulated diesel fuel ratio 1 , catalyst/oxidant ratio 0.5 , 

solvent/simulated diesel fuel ratio 1. These best conditions were applied upon real diesel fuel 

(produced from Al-Dora refinery)with 1000 ppm sulfur content . It was found that sulfur 

removal was 64.4% using ACN solvent and 75% using NMP solvent. 

 

Key words: ultra-desulfurization ,oxidation and extraction, simulated diesel fuel ,real diesel fuel. 

 

سالت الكبزيج لىقىد الذيشل بىاسطت الاكسذة و الاستخلاص بالمذيب ا  

رغذ فزيذ قاسم الملي   د                                                      ودود طاهز محمذد.   

يذسط                                                                    أعخار يغاػذ           

قغى انهُذعت انكًُُاوَت                                                  نهُذعت انكًُُاوَتقغى ا  

جايؼت بغذاد –جايؼت بغذاد                                            كهُت انهُذعت  –كهُت انهُذعت   

 شيم بهجج عبذ الكزيم العلي

 قغى انهُذعت انكًُُاوَت 

ت بغذادجايؼ –كهُت انهُذعت   

 الخلاصت

 

دساعت فٍ الاصانت فىق انؼادَت نهكبشَج نىقىد انذَضل انُاحج يٍ ػًهُت الاصانت انهُذسوجُُُت انخقهُذَت نهكبشَج قذو هزا انبحث َ

. فٍ أصانت انكبشَج انبُضوثاَىفٍُ انثُائٍ  انكبشَخٍ .حى حخبغ انًشكب انؼضىٌ باعخخذاو حقُُاث الاكغذة والاعخخلاص بانًزَب 

ػًهُت  حًج .شَج ػًهُت الاكغذة باعخخذاو بُشوكغُذ انهُذسوجٍُ كؼايم يؤكغذ وحايض انخهُك كؼايم يغاػذ يخجاَظأج

ُش خًغت ػىايم حأثباَشونُذوٌ كؼايم يغخخهض . أَضا حى بحث -2-يثُم-الاعُخىَاَخشاَم و ٌ الاعخخلاص بانًزَب باعخخذاو
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(50,و45,40,30؛ دسجت انحشاسة ) قُقتد\( دوسة450, و 350,250,150عشػت انخهظ ) -وهٍ :
o

و ؛َغبت انؼايم 

 (0٫75,0٫5,0٫25, 0٫125ًؤكغذ ) نانؼايم انًغاػذ/ انؼايم ا ؛َغبت (1٫5,1, 0٫75,  0٫5انذَضل ) انًؤكغذ/يشبه وقىد

نت نهكبشَج أظهشث انُخائج اٌ أػهً َغبت اصا كًا حى بحث َىع انًزَب. (1,و0٫75,0٫6,0٫5وَغبت انًزَب/يشبه وقىد انذَضل)

% باعخخذاو يزَب الاعُخىَابخشاَم . اٌ يجًىػت 95٫8بًُُا كاَج  باَشونُذوٌ-2-يثُم -% باعخخذاو يزَب 98٫5ٌهٍ 

50دسجت انحشاسة  ,دقُقت / دوسة 350هً أصانت نهكبشَج هٍ: عشػت انخهظ انظشوف انخٍ أظهشث أػ
 o

,َغبت انؼايم  و

طبقج افضم  .1,َغبت انًزَب/يشبه وقىد انذَضل  0,5نًغاػذ/انؼايم انًؤكغذ ت انؼايم ا,َغب1انًؤكغذ/يشبه وقىد انذَضل 

جضء بانًهُىٌ . وجذ اٌ  1000وانحاوٌ ػهً يحخىي كبشَخٍ  انظشوف ػهً وقىد انذَضل انحقُقٍ)انًُخج فٍ يصفً انذوسة(

              . باَشونُذوٌ-2-يثُم-باعخخذاو يزَب ٌ %75% باعخخذاو يزَب الاعُخىَاَخشاَم و 64٫4َغبت اصانت انكبشَج كاَج 

                                                                                                                                              

.انحقُقٍ  , وقىد انذَضلذَضليشبه وقىد انالاكغذة والاعخخلاص , , هكبشَجفىق انؼادَت ن صانتالا :الزئيسيتالكلماث   

   

1. INTRODUCTION 

The problem of fuel desulfurization has been attracted the researchers' interesting since the early 

time of oil refinery . This was because sulfur compounds have the most damaging effects on the 

equipment using fuel containing such compounds. The phenomenon of acid rain was first studied 

by Likens etal.,Likens,et al.,1972. Over the last decade many limitations were cited to reduce 

sulfur emissions from transportation means,European Directive,2002. Since then the main task 

of the refineries was to produce large yields of valuable products of the least sulfur content. This 

was achieved by hydro desulfurization (HDS) process , Mochida,and Choi,2004 . Because 

sulfur–containing compounds have different reactivities and chemistries , HDS was of limited 

results in reducing sulfur content . Under this context , many researchers have developed 

alternative methods to meet the challenging requirements . This was done through many 

techniques such as: Desulfurization by adsorption , Xiaoliang Ma, et al., 2003 , and Al 

Zubaidy, et al. , 2013 ; Desulfurization by precipitation ,
 
Milenkovic, et al., 1999 , and 

Shiraishi, et al. , 2002; Desulfurization via extraction , Ali, et al., 2009 , and Fa-tang , et al. , 

2012 ; Desulfurization by alkylation , Song, et al., 2002 , and Arias, et al. , 2008  ; 

Desulfurization by selective oxidation (ODS) , Campos-Martin, et al., 2010 
 
, and Ismagilov, et 

al., 2011 .  

This research presents a study of deep desulfurization of diesel fuel by oxidation and solvent 

extraction technique. A detailed parametric study was performed with simulated diesel fuel 

doped with DBT to select the best set of conditions and then on real one. Hydrogen peroxide was 

selected as an oxidant, acetic acid as a homogeneous catalyst .Acetonitrile (ACN) and N-methyl 

-2 -pyrrolidone (NMP) were chosen as solvents. The oxidation and extraction steps were 

conducted once consecutively and other simultaneously. 

 

2. EXPERIMENTAL  WORK 

2.1 Materials  
N-heptane 99.5% purity (Gainland Chemical Company GCC) ; toluene 99% purity (Sigma US); 

hydrogen peroxide 50% (Sigma-Aldrich) ; acetic acid 95% purity (Tetenal UK) ; 

dibenzothiophene 99% (Himedia) ; acetonitrile 98% (Ptromchem.) ; N-methyl – 2 – pyrrolidone 

99% (Himedia). Simulated diesel 200B  n-heptane 80%wt , toluene 20%wt, doped with 1.7242 g 

of DBT for each liter to get a sulfur content of 355 ppm. Real diesel fuel with sulfur content of 

1000 ppm was supplied by Al-Dora refinery . 
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2.2 Equipment 

The experimental apparatus used in this study consisted of a 500-ml glass beaker immersed in a 

water bath (GFL) ; a thermometer (Eintauchtiefe 45 mm) which is inserted into the beaker to 

measure the temperature of the mixture ; mixer (Hiedolph RZR 2021) for stirring the mixture . 

The apparatus is shown in Fig. 1.The following parameters were studied . 

 

2.3 Procedure  
I-Simultaneous Technique: the oxidation and extraction were performed in one single step where 

the oxidation reaction occurred in the presence of a solvent (ACN once and NMP other time) . 

The model fuel , catalyst (acetic acid ) and solvent were added at the required ratios. After the 

mixture  had reached the desired temperature, hydrogen peroxide was added . The mixer stirring 

speed was set at the desired value . After 2 h it was stopped .The mixture was left 24 h in a 250-

ml separating funnel to ensure settling and phase separation . The upper layer (simulated fuel ) 

was then withdrawn and analyzed . 

II-Consecutive Technique : In this technique , the oxidation was performed first and then 

immediately followed by extraction as follows: 

1-The prepared amount of simulated diesel fuel was transferred to the reactor together with the 

desired amount of acetic acid (catalyst ). 

2-Waiting until the mixture reached the desired temperature . 

3-Hydrogen peroxide (oxidant) added to the mixture . 

4-The mixer stirring speed was set on the required value . After 2 h , it was stopped . 

5-The mixture was transferred to a 250-ml separating funnel to allow the separation of phases . 

6-The upper layer (oxidized simulated diesel fuel ) was separated and mixed with certain amount 

of solvent (ACN or NMP) for another 2 h under proper stirring speed . 

7- After the stirring was stopped , the phases were allowed to settle and separate in 24 h. The 

upper layer was withdrawn and analyzed . 

The experiments were conducted according to 2
k
 factorial design. There are four factors that can 

be varied during a single experiment, keeping the others constant according to preliminary 

studying (temperature 50
o
C , stirring speed 350 rpm). These are:  

Solvent type (ACN , NMP ) 

Solvent/model fuel ratio ( 0.5,0.6,0.75, and 1) 

Oxidant/model fuel ratio (0.5,0.75,1, and 1.5 ) 

Catalyst/oxidant ratio (0.125,0.25,0.5, and 0.75) 

 2.4 Test Methods  
1-Pyro-Fluorescence:This analysis was done in Al-Dora refinery using ANTEK 9000 N/S 

analyzer to give sulfur content in the simulated diesel fuel .  

2-X-ray Fluorescence: This analysis was done in the oil training institute using Horiba sulfur –

in-oil analyzer (SLFA-2100) to give sulfur content in real diesel fuel. 
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3. RESULTS and DISCUSSION 

The experimental runs were carried out in two – stage testing, preliminary and main study. The 

first one includes selection of best technique, simultaneous or consecutive and effect of stirring 

speed. The other included detailed study for the best operational conditions to remove 

dibenzothiophene (DBT) from simulated diesel fuel and the real one. This study included effect 

of the temperature, solvent/simulated diesel fuel ratio, H2O2/simulated diesel fuel ratio and acetic 

acid/H2O2 ratio. 

 

 3.1 Preliminary Study 

 Technique selection 

This study included three experiments with different conditions elected from literature and 

preliminary experiments . The results are illustrated in Fig. 2, showing that the outcomes of 

consecutive versus simultaneous oxidation and extraction procedures are almost the same. 

However; simultaneous technique was more attractive to applied. 

 Effect of stirring speed 

The results obtained showing that using stirring speed of 350 rpm gave the highest sulfur 

removal keeping other variables constant (temperature 50 
◦
C, solvent/simulated diesel fuel ratio 

(either acetonitrile or N-methyl-2-pyrrolidone) 1:1, Oxidant / simulated diesel fuel ratio 1:1 and 

catalyst/oxidant ratio 0.5:1). Fig. 3 indicates that the percentage removal of DBT  is increased by 

increasing the stirring speed up to 350 rpm. At this stirring speed, it reached  to 95.8% sulfur 

removal using ACN and 98.5% using NMP .Then the percentage removal became quickly 

impressive and mass transfer limitations were found to be insignificant at higher speeds. 

Therefore; the stirring speed was kept at that value for all next experiments. 

The contact and mixing conditions between the two phases have a great influence on the 

interface transfer and emulsion droplet. At lower mixing speed, there are fewer droplets in the 

emulsion; hence, the reaction rate is low with less contact surface area. Increasing the mixing 

speed leads to the formation of more droplets, more uniform shape resulted in larger surface 

area. Therefore; high mass transfer will be gained and the reaction will be accelerated. However, 

if the mixing speed is too high, whirlpools will be formed in the system, and, in this situation 

mass transfer will be decreased and the reaction will be slowed. These results were in agreement 

with that of  Hang et al., Hang, et al., 2006 . 

 

3.2 Main Study 

 Effect of temperature 

The effect of temperature studied at a range from 30 to 50 
◦
C keeping other variables constant at 

two different conditions according to the experimental design proposed. The first one done at 

(0.5:1 solvent/simulated diesel fuel, 0.5:1 H2O2/simulated diesel ratio and 0.125:1 acetic 

acid/H2O2 ratio) and the other at (1:1 solvent/simulated diesel fuel ratio, 1:1 H2O2/simulated 

diesel fuel ratio and 0.5:1 acetic acid/H2O2 ratio) for 2 h of reaction time.The results of this set 

are illustrated in Figs. 4 and 5.  

When the temperature is increased from 30 
◦
C to 50 

◦
C in the first set of conditions mentioned 

above, sulfur removal is increased from 25.6% to 32.5% for ACN and from 41% to 46.8% for 

NMP. While for the second set of conditions, increasing temperature from 30
◦
C to 50 

◦
C led to 

increase sulfur removal from 87.9% to 95.8 % for ACN and from 94.1% to 98.5% for NMP. 

The factors that influence the removal of DBT were also related to the solubility of DBTO2 in 

the solvent. Sulfur compounds are oxidized to sulfoxides or sulfones. These are highly polar 

compounds, which have high solubility in polar extractants. The results suggested that the 

solubility of DBTO2 in the polar solvent increased with increasing temperature. Beside that 
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increasing temperature decreased the solvent viscosity which played a positive role in sulfur 

removal due to the great effect on their extraction ability. Namely it facilitated mass transfer of 

S-compounds from the oil to the solvents. 

It had been noticed that at higher temperatures (above 50 
◦
C), a solvent miscibility in the model 

fuel phases occurred. This caused losing of solvent. It also caused thermal decomposition of 

H2O2. Therefore, increasing temperature above 50 
◦
C was avoided. 

 These results were in agreement with that of  Hang et al., Hang, et al., 2006 , Ali et al., Ali, et 

al., 2009 ,  and Fa-tang Li et al., Fa-tang , et al., 2012
 
. 

 Effect of oxidant (H2O2)/simulated diesel fuel ratio 

The effect of the ratio of hydrogen peroxide/simulated diesel feul on the sulfur removal was 

found to be a very important parameter due to its effect on the conversion of DBT to DBTO2. 

The results are illustrated in Figs. 6-9 .These results indicate that increasing the ratio of 

(H2O2)/simulated diesel fuel leads to increase sulfur removal. 

The experiments showed that increase the H2O2/simulated diesel fuel ratio from 0.5:1 to 1:1 

leads to increase the sulfur removal from 32.5% to 43.7% for ACN and from 46.8% to 71.3% for 

NMP at operational conditions of 50 
◦
C, solvent/ simulated diesel fuel 0.5:1 and acetic acid/H2O2 

0.125:1. While reducing temperature to 30 
◦
C and keeping the other parameters constant, the 

sulfur removal was increased from 25.6% to 33.5% for ACN and from 41% to 48.1% for NMP. 

This effect was investigated at other conditions: 50 
◦
C, solvent/ simulated diesel fuel 1:1 and 

acetic acid/H2O2 0.5:1, while H2O2/simulated diesel fuel 1:1,  sulfur removal was increased from 

87.8% to 95.8% for ACN and from 91.5% to 98.5% for NMP. While reducing temperature to 30
 

◦
C with the same other conditions, sulfur removal was increased from 75.2% to 87.9% for ACN 

and from 90% to 96.3% for NMP.   

It had been noticed that the sulfur removal reached the highest value at H2O2/simulated diesel 

fuel ratio of 1:1. After that it almost stayed constant, which indicates that this ratio is the best one 

to achieve almost complete DBT conversion into DBTO2 within a reasonable period of time 

(2h). 

In fact, the oxidation efficiency of H2O2 can be affected by several factors, including 

temperature, degree of hindrance of sulfur-containing compounds and catalyst (acetic acid)/H2O2 

ratio. 

Temperature is the most significant factor which suggested an important interaction between 

temperature and H2O2/simulated diesel fuel ratio. At high temperatures (above 50 
◦
C), more 

excess oxidant would be necessary because of the loss of H2O2 due to thermal decomposition. In 

contrast, the water hindrance of H2O2 aqueous solution in desulfurization progress would be 

more significant at temperatures about 50 
◦
C.  

 Effect of acetic acid/H2O2 ratio 

The effect of catalyst (acetic acid) to the oxidizing agent (hydrogen peroxide) was found to be 

one of the important parameters due to its multiple effects on both the conversion of DBT to 

DBTO2 and removal of sulfur content from diesel fuel. 

The results are plotted in Figs. 10-13. These results indicate that increasing the ratio of acetic 

acid/H2O2 from 0.125:1 to 0.5:1 leads to increase sulfur removal from 32.5% to 86.6% for ACN 

and from 46% to 94.9% for NMP at operating conditions of 50 
◦
C, solvent/ simulated diesel fuel 

0.5:1, and H2O2/simulated diesel fuel 0.5:1. Further increase of acetic acid/ H2O2 ratio to 0.75:1 

leads to decrease in sulfur removal to 79.3% and 85% for ACN and NMP, respectively. 

Decreasing the temperature to the value above 30◦C and keeping other conditions constant lead 

to increase in sulfur removal from 25.6% to 52.2% for ACN and from 41% to 60.8% for NMP. 

Then at acetic acid/ H2O2 ratio of 0.75:1, sulfur removal decrease to 47.2% for ACN and to 

55.2% for NMP. 
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The subject has been investigated in other conditions, 50 
◦
C, solvent/ simulated diesel fuel ratio 

1:1, and H2O2/simulated diesel fuel ratio 1:1. The results showed that the sulfur removal 

increases from 35% to 95.8% for ACN and from 65.8% to 98.5% for NMP as acetic acid/H2O2 

ratio increases from 0.125: to 0.5:1. Then sulfur removal decreased to 85.6% for ACN and 89% 

for NMP when the ratio of acetic acid/H2O2 increased further to 0.75:1. 

Again sulfur removal investigated at temperature 30
◦
C, solvent/simulated diesel fuel ratio 1:1, 

H2O2/simulated diesel fuel ratio 1:1. The results of NMP solvent showed that the sulfur removal 

increases from 74.2% to 94.1% then decreases to 86.8% at acetic acid/ H2O2 ratio of 0.75:1, 

while for ACN, it increases from 31.3% to 87.9% then decreases to 80.1%.  

It was concluded from the set of experiments that the optimal ratio of acetic acid/H2O2 is 0.5:1; it 

is not efficient to increase this ratio further more because a decline in DBT conversion would be 

noticed due to a decline in acetic acid dissociation, which is necessary as a catalyst for the sulfur 

oxidation reaction. 

The decline in organic acid dissociation is a result of acid self – dimerization and / or association 

with water. Another factor contributing to this observation is the decline in the availability of the 

proton necessary for peroxide dissociation to yield oxygen which is necessary for sulfur 

oxidation. This decline in proton availability is due to the decreasing in water concentration upon 

adding more organic acid. 

According to our experimental results, the reversible reaction of acetic acid with hydrogen 

peroxide produces peroxyacetic acid as a high active oxidant which can efficiently oxidize DBT 

to respective sulfoxide (DBTO) and then to respective sulfone (DBTO2). That illustrates the 

effect of acetic acid as a catalyst on the oxidation process by increasing the efficiency of 

hydrogen peroxide. With the increase of H2O2 and CH3COOH (to a certain limit), the oxidant 

have more opportunities to react with DBT, and as a result, the sulfur removal increases. 

These results were in agreement with that of Ali et al., Ali, et al., 2009 , and Fa-tang Li et al., 

Fa-tang , etal., 2012. 

*Effect of solvent/simulated diesel fuel ratio 

Although DBT had been converted to DBTDO by oxidation process, the sulfur would not 

completely be removed from the simulated diesel fuel. The basis of using acetonitrile or N-

methyl-2-pyrrolidone as an extraction solvent is that the solubility of DBTO2 in such solvent is 

one order of magnitude higher than that in the simulated diesel fuel. This supports the need of 

adding acetonitrile, N-methyl-2-pyrrolidone or any other suitable solvent. 

The results are illustrated in Figs. 14-17 .These results indicate that increasing the ratio of 

solvent (either ACN or NMP)/simulated diesel fuel leads to increase in sulfur removal. The 

experiments showed that increase the solvent/simulated diesel fuel ratio from 0.5:1 to 1:1 leads 

to increase the sulfur removal from 32.5% to 71.2% for ACN and from 46.8% to 91% for NMP 

at operational conditions of 50 
◦
C, H2O2/simulated diesel fuel ratio of 0.5:1 and acetic acid/ H2O2 

ratio of 0.125:1. While reducing the temperature to 30 
◦
C and keeping the other factors constant 

lead to increase in sulfur removal from 25.6% to 67% for ACN and from 41% to 72% for NMP. 

This effect was investigated at other conditions: 50 
◦
C, H2O2/simulated diesel fuel ratio of 1:1 

and acetic acid/ H2O2 ratio of 0.5:1. Results showed that increasing the ratio of solvent/simulated 

diesel fuel ratio from 0.5:1 to 1:1 leads to increase in sulfur removal from 89.3% to 95.8% for 

ACN and from 95% to 98.5% for NMP. While reducing the temperature to 30 
◦
C showed that the 

percent removal changed from 84.5% 87.9% for ACN and from 88.1% to 94.1% for NMP. 

 From all above, when DBT was converted to its corresponding polar compound (DBTO2) by 

means of oxidation, the capabilities of the tested solvents for sulfur removal enhanced 

significantly.  
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NMP exhibits a notable sulfur removal of 98.5% for DBT because of the similarity – 

intermisicibility theory based on the fact that NMP and DBT contain five-membered ring. 

ACN was appropriate solvent because it is able to extract and dissolve the reaction products and 

exhibits a low surface tension, which facilitate the transfer of products and reagents at the polar-

polar interphase, increasing notably the mass transfer along the interphase. However, ACN is 

partially dissolved in the (polar) fuel phase, then ACN molecules are present in the fuel phase, in 

consequence the final nitrogen concentration in the fuel will increase. To avoid this, a later 

separation unit is mandatory to remove the fraction of ACN transferred to the fuel phase.  

During oxidation/extraction process, DBT was oxidized to its corresponding sulfone (DBTDO) 

by per acetic acid (CH3COOOH) obtained from H2O2 and CH3COOH and then extracted from 

the oil phase into the solvent phase. The decrease in DBT concentration in the solvent promoted 

the extraction process, and the sulfur content in oil phase decreased continuously. Increasing of 

sulfone (polar compound) leads to increase extraction ability of the solvents (due to similar 

polarity). This illustrates the effect of oxidation process on the efficiency of extraction process. It 

was clear that the solvent efficiency was affected by the ratios of oxidant and catalyst. If no 

oxidant was added, sulfur removal would significantly decrease by extraction step only. With 

increasing in oxidant and catalyst, the oxidant had more opportunities to react with DBT, and 

thus the sulfur removal increased. 

The results were in agreement with those of Ali et al., Ali, et al., 2009 , Capel-Sanchez et al.,  

Capel-Sanchez, et al., 2010
 
, and Fa-tang Li et al., Fa-tang , et al., 2012 . 

3.3 Desulfurization of Real Diesel Fuel 

The removal of sulfur content from the real diesel fuel was more difficult than that from the 

simulated diesel fuel because many nitrogen, oxygen, and aromatic compounds exist in actual 

oil. 

Two experiments with best conditions that had been concluded from the set of experiments 

applied on simulated diesel fuel [temperature of 50 
◦
C, solvent/real diesel fuel ratio of 1:1, 

H2O2/real diesel fuel of 1:1, acetic acid/ H2O2 of 0.5:1 and stirring speed of 350 rpm] were 

applied. Results are plotted in Fig. 18 showing that sulfur removal reached to 62.5% and 75% for 

acetonitrile and N-methyl-2-pyrrolidone respectively. 

Another experiments with more severe conditions were conducted to study the behavior of the 

real diesel fuel ( i.e. temperature of 70 
◦
C, stirring speed of 500 rpm, solvent/real diesel fuel of 

2:1, H2O2/real diesel fuel of  2:1 and acetic acid/ H2O2 of 0.5:1). Sulfur removal was almost the 

same for ACN and NMP as shown previously. It is suggested that the reason of remaining sulfur 

removal constant despite of varying the conditions, is due to the presence of nitrogen compounds 

in real diesel fuel beside other types of sulfur compounds that do not react in our process 

technique. 

These results were in agreement with that of Rao et al. , Rao, et al., 2007
 
, and Fa-tang Li 

 
et al. 

, Fa-tang Li, 
 
et al., 2011. 

4. CONCLUSIONS 
- The techniques of consecutive versus simultaneous (oxidation , extraction ) processes are 

almost the same . 

- Simultaneous oxidation / extraction process had the ability to remove almost all the DBT from 

the simulated diesel fuel. 

- The time 2 h was sufficient for converting DBT to DBTDO by oxidation step . 

- The solvent NMP was found to be better for the removal of sulfur than ACN .  
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- The optimum conditions to operate the simultaneous oxidation / extraction are [ stirring speed  

350 rpm , temperature  50 
o
 C , solvent / simulated diesel fuel  1:1 , H2O2/ simulated diesel fuel  

1:1 , acetic acid / oxidant  0.5:1 ] for both NMP and ACN . 

- It is impossible to obtain ultra- desulfurization using extraction process only , nevertheless ; 

using NMP or ACN . 
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ABBREVIATIONS 

 

ACN                       acetonitrile 

DBT                       dibenzothiophene 

DBTDO , DBTO2  dibenzothiophene dioxide 

DBTO                    dibenzothiophene oxide 

HDS                       hydro desulfurization 

NMP                      N-methyl-2-pyrrolidone 

ODS                       desulfurization by selective oxidation 

 

Figure 1.  Schematic diagram of the experimental apparatus. 

1- water bath; 2- glass beaker; 3- mixer; 4- stand. 
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Figure 2. Simultaneous vs. consecutive oxidation/extraction using NMP as extractant. 

 

Figure 3. Sulfur removal versus stirring speed.  

(Operating conditions: 50 
◦
C, 1:1 solvent/simulated diesel fuel ratio, 1:1 H2O2/simulated 

diesel fuel ratio and 0.5:1 acetic acid/H2O2 ratio for 2 h reaction time). 

 

Figure 4. Effect of temperature on DBT removal. 

 (Operating conditions: 0.5:1 solvent/simulated diesel fuel ratio, 0.5:1 H2O2/simulated diesel 

fuel ratio and 0.125:1 acetic acid/H2O2 ratio for 2h reaction time) . 
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Figure 5. Effect of temperature on DBT removal. 

 (Operating conditions: 1:1 solvent/simulated diesel fuel ratio, 1:1 H2O2/simulated diesel fuel 

ratio and 0. 5:1 acetic acid/H2O2 ratio for 2h reaction time) . 

 

  
  

Figure 6. Effect of H2O2/simulated diesel fuel ratio on DBT removal. 

(Operating conditions: 50 
◦
C, 0.5:1 solvent/simulated diesel fuel ratio and 0.125:1 acetic 

acid/H2O2 ratio for 2h reaction time). 

 
 

Figure 7. Effect of H2O2/simulated fuel ratio on DBT removal. 

 (Operating conditions: 50 
◦
C, 1:1 solvent/simulated diesel fuel and 0.5:1 acetic acid/H2O2 ratio 

for 2h reaction time).
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Figure 8. Effect of H2O2/simulated diesel fuel ratio on DBT removal . 

(Operating conditions: 30 
◦
C, 0.5:1 solvent/simulated diesel fuel ratio and 0.125:1 acetic 

acid/H2O2 ratio for 2h reaction time). 

 

Figure 9. Effect of H2O2/simulated diesel fuel ratio on DBT removal. 

 (Operating conditions: 30 
◦
C, 1:1 solvent/simulated diesel fuel ratio and 0.5:1 acetic acid/H2O2 

ratio for 2h reaction time). 

 

Figure 10. Effect of acetic acid/H2O2 ratio on DBT removal.  

(Operating conditions: 50 
◦
C, 0.5:1 solvent/simulated diesel fuel and 0.5:1 H2O2/simulated diesel 

fuel for 2h reaction time) . 
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Figure 11. Effect of acetic acid/H2O2 ratio on DBT removal.  

(Operating conditions: 50 
◦
C, 1:1 solvent/simulated diesel fuel and 1:1 H2O2/simulated diesel 

fuel for 2h reaction time). 

 

Figure 12. Effect of acetic acid/H2O2 ratio on DBT removal . 

(Operating conditions: 30 
◦
C, 0.5:1 solvent/simulated diesel fuel and 0.5:1 H2O2/simulated diesel 

fuel). 

 

Figure 13. Effect of acetic acid/H2O2 ratio on DBT removal . 

(Operating conditions: 30
◦
C, 1:1 solvent/simulated diesel fuel and 1:1 H2O2/simulated diesel 

fuel). 
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Figure 14. Effect of solvent/simulated diesel fuel ratio on DBT removal.  

(Operating conditions: 50
◦
C, 0.5:1 H2O2/simulated diesel fuel ratio 0.125:1 and acetic acid/ 

H2O2) . 

 

 

Figure 15. Effect of solvent/simulated diesel fuel ratio on DBT removal. 

(Operating conditions: 50
◦
C, 1:1 H2O2/simulated diesel fuel ratio and 0.5:1 acetic acid/ H2O2 

ratio). 
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Figure 16. Effect of solvent/simulated diesel fuel ratio on DBT removal. 

(Operating conditions: 30
◦
C, 0.5:1 H2O2/simulated diesel fuel ratio and 0.125:1 acetic 

acid/H2O2).  

 

 

Figure 17. Effect of solvent/simulated diesel fuel ratio on DBT removal. 

(Operating conditions: 30 
◦
C, 1:1 H2O2/simulated diesel fuel ratio and 0.5:1 acetic acid/ H2O2). 
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Figure 18. sulfur removal from real diesel fuel. 

(Operating conditions: 50 
◦
C, stirring speed 350 rpm, 1:1 solvent/real diesel fuel ratio, 1:1 

H2O2/real diesel fuel ratio and 0.5:1 acetic acid/H2O2 ratio for 2h reaction time). 

 

 


