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Abstract 

A homemade N doped-TiO2 nanoparticle were used to degrade dibenzothiophene (DBT) in a model fuel flowing on 

a bench-scale glass-made falling film reactor irradiated by a xenon lamp that emitted visible light. The photocata-

lyst was immobilized on the glass sheet. EDS, SEM, and FT-IR techniques were utilized to identify the morpholo-

gy of the N doped-TiO2 nanoparticles. Different operating parameters (e.g., N loading (0, 4, 5, and 6 wt%), light in-

tensity (20, 40, and 60 W/m2), and pH (4, 7, and 10)) were investigated for their effect on the DBT degradation.  

The effect of the N loading on the wettability of the nano-TiO2 particles was also investigated. Experimental re-

sults revealed that the N loading did not affect the wettability characteristics of the nano TiO2 particles. Moreover, 

results showed that DBT conversion positively depends on N loading, light intensity (hv), and pH increase. The es-

timated optimal operating parameters were 5 wt% N loading, pH = 10, and hv = 40 W/m2 to ensure the best photo-

oxidation efficiency of 91.4% after 120 min of operation. The outcomes of the present work confirmed the effective 

efficiency of the N-doped TiO2 nanoparticles irradiated by visible light for DBT degradation. 
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1. Introduction 

The desulfurization of petroleum distillates 

has become the researcher's interest due to the 

benzothiophene, dibenzothiophene, and their 

derivatives existing in crude oil are the reason 

for many environmental problems like acid rain 

deactivates of the catalyst and corrodes equip-

ment in refining industries. These sulfur com-
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pounds are refractory and hard to be degraded 

using classical hydrodesulfurization (HDS) due 

because of their steric retarding [1]. However, 

there are other processes examined for fuel 

desulfurization under ambient conditions like; 

biodesulfurization [2], extractive desulfurization 

[3], and adsorptive desulfurization [4,5], oxida-

tive desulfurization [6,7] and photooxidation 

[8,9]. Removal of sulfur by photocatalysis is a 

successful technique for degrading the S-

compounds to polar compounds that easily be 

https://creativecommons.org/licenses/by-sa/4.0
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removed by physical processes. A Photocataly-

sis is conducted under the combined action of 

light and catalyst. This technique has many 

virtues inclusive of the protection of the envi-

ronment, and the total removal of contami-

nants.  

Researchers frequently employ photocata-

lytic degradation as an efficient method for the 

degradation of sulfur compounds. Different 

semiconductors have been utilized as photo-

catalysts for photocatalytic desulfurization up 

until now. Although these photocatalysts have 

many advantages, including extremely high po-

rosity, high specific surface area, and extremely 

low density, some limitations, including the 

high recombination efficiency of the photo-

generated electron-hole pairs, low visible-light 

absorption, ease of agglomeration, collecting, 

and their challenging removal from the treated 

waste, are rather complex and restrict the use 

of photocatalysis in industries. The light energy 

required to generate (e−−h+) pairs on TiO2, is 

proportional to its bandgap energy [10,11]. The 

new contribution of this research, a novel nano-

hybrid of nitrogen-doped-TiO2 nanoparticles 

with various nitrogen loading ratios (from 0 to 

6 wt%), has been synthesized as a visible-light 

unique photocatalyst immobilized on a trans-

parent glass sheet and irradiated by an artifi-

cial visible light (e.g., a Xenon lamp) for diben-

zothiophene (DBT) removal from model fuel. 

This research was carried out to overcome the 

band gap (~3.2 eV) for the pure anatase phase 

of TiO2, and has been carried out to shift the 

excitation of TiO2 nanoparticles into the visible 

region by decreasing the band gap [12-14], thus 

enabling the use of sunlight for photo-catalysis. 

Doping TiO2 with transition metals, such as 

Cu, Cr, Fe, etc. [15,16], and nonmetals, such as 

C, N, and S [17], was attempted. Mittal et al. 

[18] reported that doping semiconductors with 

non-metals is a promising, efficient, and eco-

nomic technique to utilize visible light to de-

grade organic pollutants. 

In this work, the synthesized nitrogen-

doped- TiO2 nanoparticles were immobilized on 

a transparent glass sheet and irradiated by an 

artificial visible light (e.g., a Xenon lamp) to de-

grade DBT. Different operating parameters 

such as light intensity, wt% nitrogen, and pH 

were investigated for their effect on the remov-

al efficiency of DBT. 
 

2. Mechanism of Photocatalytic 

All semiconductors have two energy bands 

in their framework, a low-energy band (valence 

band: VB) and a high-energy band (conduction 

band: CB). When a photocatalyst surface is ir-

radiated by UV or visible light (photon energy 

(hv)) that equivalents or more than the band-

gap energy of the photocatalyst to initiate the 

photocatalysis process [19-20], electrons will be 

agitated and, as a result of this agitation, the 

formation of electrons (e-CB) in the conduction 

band and holes (VB hv) in the valence band as 

in Equation (1). 

 

N-TiO2 + hv (visible light) → h+ (VB) + e– (CB) (1) 

 

Usually, the generated holes have a strong oxi-

dation capacity, which can react easily with the 

molecules of water to generate hydroxyl radi-

cals (OH•) as in Equation (2). 

 

 h+ 
(VB)  + OH− → •OH (2) 

 

While the exited electrons in the conduction 

band have a strong reduction capacity, which 

can react with molecular oxygen dissolved in-

side water or O2 adsorbed on the photocatalyst 

surface to form superoxide radical anions 

(O2•−) or hydroperoxide radicals (HO2), as in 

Equations (3)-(6): 

 

e– 
(CB) + O2 → O2•−  (3) 

O2•− + h+ → HO2• (4) 

2HO2• → H2O2 + O2
 (5) 

e– 
(CB) + H2O2

 
(ads.) → OH− + •OH (6)  

 

The species •OH, H+, O2•−, and HO2• are 

very reactive and can oxidize organic com-

pounds, initiating subsequent degradation pro-

cesses, as in Equation (7): 

 

 

 

              (7) 

 

 

 

 

 

3. Materials and Methods 

3.1 Chemicals and Reagents 

Titanium(IV) isopropoxide (Ti[OCH(CH3)2]4) 

with a purity of 98.6% was obtained from Sig-

ma Aldrich in India. Nitric acid (HNO3), 65% 

purity, was supplied by Thomas Baker, India. 

Hydrochloric acid (HCl), 37% purity, was sup-

plied by Merck India. Sodium hydroxide 

(NaOH) of 99% purity was supplied by Chem-

Lab NV Belguim, and H2O2 with a 30% concen-

tration was obtained from BDH-Analar-

England. DBT and n-octane (C8H18) were pur-
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chased from Merck. Deionized water (DI) was 

purchased from the local market. All the chem-

icals received were used without any further 

treatment. 

 

3.2 Methods 

3.2.1 Catalyst synthesis 

To synthesize N doped-TiO2, 4 mL of titani-

um isopropoxide (TTIP) were mixed with 100 

ml of distilled water for 10 min using a magnet-

ic stirrer (Model SH-3, China). After that, 40 

mL of HNO3 (65%) was put into the suspension 

and mixed until it turned into a transparent so-

lution. Then, 200 mL of NH4OH (25%) was 

slowly added to the solution while mixing for 

60 min. The precipitate obtained was filtered 

under a vacuum and dehydrated at 40 °C for 24 

h. Then the N-doped-TiO2 was calcined at 450 

°C for a period of 120 min. 

 

3.2.2 Experimental setup 

Figure 1(a) and (b) show the schematic and 

photographic view of the reaction system, re-

spectively. The photocatalytic reactor was de-

signed and hand- made to operate as a batch 

process. The system consists of a falling-film 

type photoreactor of dimension 10 cm width x 

16 cm long, a wastewater preparation vessel of 

1-L, a circulation dosing-type pump (Type DDE 

6-10 B-PVC/V/C-X-31I001FG, PolyPump Lim-

ited, UK), and a control panel. The photoreac-

tor was mounted on a fixed platform tilted 37º 

(local latitude). It was made up of a flat-plate 

colorless glass. The base of the reactor was 

made of aluminum. Three 8 W Xenon lamps 

have been used with an intensity of 20 W/m2 

for each lamp. The lamps were mounted 15 cm 

high perpendicularly to the glass photoreactor. 

The dosing pump was utilized to charge the 

wastewater from the vessel to the reactor 

through a flow meter that was previously cali-

brated. The wastewater was trickling from a 

pierced pipe, with ten 0.1 mm holes, from the 

top of the reactor. The synthetic wastewater 

was prepared and added to the vessel. A ther-

mocouple was placed into the wastewater prep-

aration vessel to monitor the reaction tempera-

ture. A 6-mm PVC tube was immersed in the 

vessel and was used for oil-free air to obtain 

homogeneous conditions in the vessel. Immobi-

lization of the prepared N- doped TiO2 for each 

wt% of N was conducted according to the meth-

od of [21]. 

 

3.2.3. Experimental design 

Design-Expert software has been used to 

design the experiments and optimize and eval-

uate the system. The Response Surface Method 

was chosen for this study since it is a well-

known statistical approach for designing exper-

iments. Design analysis and mathematical 

modeling by using ANOVA provide Normal 

Probability Plots, Actual vs. Predicted Plots, 

and model-graphs, including Interaction. A 

four-factorial (four-level) central composite de-

sign (CCD) was used to investigate the effects 

of the independent variables, pH, N loading, 

and light intensity. These factors are shown in 

Table 1.                                                                                         

(a) (b) 

Figure 1. Schematic (a) and (b) photographic image of the photocatalytic reactor. 

Factor Name Units Type Minimum Maximum 

A N loading wt% Numeric 0.0000 6.00 

B Light intensity W/m2 Numeric 20.00 60.00 

C PH  Numeric 4.00 10.00 

Table 1. Independent variable levels and experimental range. 
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The optimum conditions to obtain a maxi-

mum percentage of DBT removal were obtained 

as 91.4%, under the optimum pH = 10, light in-

tensity = 40 W/m2), and N-loading = 5 wt%. The 

experimental DBT removal at the optimum 

condition was close to predicate values, where 

R2 = 0.988. 

 

3.2.4. Analysis techniques 

The prepared N doped-TiO2 was character-

ized using an Energy Dispersive Spectroscopy 

(EDX-7000P, Shimadzu, Japan), SEM- Model: 

Inspect 50S, FEI-USA, Fourier transform in-

frared spectroscopy (Model: The Spectrum Two 

N system, high-performance FT-NIR, Perkin 

Elmer) was utilized to characterize the func-

tional groups of the synthesized photocatalyst. 

The suspension was circulated for about 2 h 

without illumination and then irradiated under 

the xenon lamp. The instantaneous loading of 

DBT was estimated by the Shimadzu UV-vis 

spectrophotometer (1100 UV-Vis spectropho-

tometer, China). The contact angle meter mod-

el (CAM 110-Taiwan) was utilized to measure 

the water contact angle (WCA). The percentage 

degradation (%R) of DBT was calculated by 

Equation (8): 

 

(8) 

 

where, C0 and C(t) are the initial and instanta-

neous concentrations of DBT (ppm), respective-

ly. A series of (DBT/n-octane) into the N doped-

TiO2 suspension at concentrations of 0.5, 2, 8, 

10, 20, 30, 40, 60, and 75 ppm are used to gen-

erate a calibration plot, utilizing the UV-Vis 

spectrophotometer at 325 nm, as shown in Fig-

ure 2. 

Figure 3. EDS images of N doped-TiO2 for (a) 0 %N; (b) 4 %N; (c) 5 %N; and (d) 6 %N. 

(a) (b) 

(c) (d) 

Figure 2. Calibration curve of DBT. 
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4. Results and Discussion  

4.1 Catalyst Identification 

4.1.1 EDS analysis 

Figure 3 (a, b, c, and d) depicts the EDS im-

ages of N doped-TiO2 Nps for 0, 4, 5, and 6 wt% 

N respectively. These images have been ana-

lyzed for the elemental compositions following 

the method used by Wassilkowska et al. [20]. 

The EDS data of N-TiO2 samples (Figure 3) de-

picts a peak of about 0.4 and 0.5 keV and else 

keen peaks appear at 4.5 and 4.9 keV for Ti 

[22]. The peaks resulting in N and O are obvi-

ously special at 0.3 and 0.6 keV, respectively. 

These outcomes emphasize that Ti, O, and N 

occur in the catalyst framework. Results of the 

concentration measurement of the elements for 

the N doped-TiO2 samples are listed in (Table 

2). The list of the characterized elements is 

generated automatically on the base of all the 

peaks labeled as ‘characterized’ by Noran Sys-

tem 7 (NSS) analytical software, or labeled 

manually (e.g. nominating the choice ‘peak-off’ 

of carbon). 

 

4.1.2  SEM analysis 

Figure 4 displays a contrast among SEM 

images of undoped-TiO2 (a) TiO2 N4% (b) TiO2 

N5% (c), and TiO2 N6% (d), respectively. The 

analysis of specimens demonstrates that the 

Element 

0 wt% N   4 wt% N   5 wt% N   6 wt% N 

Atomic 

(%) 

Weight 

(%) 
  

 Atomic 

(%) 

Weight 

(%) 
  

 Atomic 

(%) 

Weight 

(%) 
  

 Atomic 

(%) 

Weight 

(%) 

C 10.1 5.1   7.6 3.7   9.1 4.7   8.2 4.5 

N 0.1 0.0   7.5 4.3   8.5 5.1   9.0 5.7 

O 64.0 43.0   57.3 37.7   58.1 40.1   61.5 44.2 

Ti 25.8 51.9   27.6 54.3   24.2 50.1   21.2 45.6 

Table 2. Analysis of the EDS images. 

(a) (b) 

(c) (d) 

Figure 4. SEM images of various wt%N loading onto TiO2 ((a) undoped-TiO2, (b) TiO2 N4%, (c) TiO2 

N5%, and (d) TiO2 N6%). 



 

Bulletin of Chemical Reaction Engineering & Catalysis, 17 (4), 2022, 760 

Copyright © 2022, ISSN 1978-2993 

existence of N alters the surface characteristics 

(Figure 4). Undoped-TiO2 grains have rounded 

forms and take sponge-like clusters, while N- 

doped-TiO2 takes shape lamellar isolated clus-

ters. The change in the quantity of N ions with-

in the crystal framework does not suggest more 

variation in surface characteristics. The cause 

is that the form stability of TiO2 Nps highly re-

lies on surface chemistry, and the preparation 

conditions do a major function. Referring to 

theoretical models [23], in the status of hydro-

genated and hydrated surfaces, there were neg-

ligible changes in the form of TiO2 Nps with 

surface chemistry; but, in the situation of hy-

drogen-poor and oxygenated surfaces, nano-

crystals of both polymorphs were elongated, 

and this could result in the forming of lamellar 

groups. All images (i.e., b, c, and d) show a good 

dispersion of N-atoms onto TiO2 confirming a 

well-established preparation method. 

 

4.1.3 XRD analysis 

X-ray powder diffraction (XRD) analysis was 

carried out with a Rigaku D/max III apparatus 

using Cu-Ka radiation ( = 0.15406 nm), oper-

ated at 40 kV and 30 mA. TiO2 usually exists in 

two main crystallographic form, anatase (A) 

and rutile (R). The XRD peaks at 2θ = 25.3° (1 

0 1) and 2θ = 27.4° (1 1 0) are often taken as 

the characteristic peaks of anatase and rutile 

crystal phase, respectively. The patterns ob-

tained by diffraction analysis are depicted in 

Figure 5. It can be observed from the plot that 

the prepared sample is crystalline in nature 

and there is no extra peak formed in the nitro-

gen doped samples. Further in the prepared 

sample the peaks are located at 24.6°, 37.3°, 

47.3°, 53.7°, 62.2° indexed with Miller indices 

as (101), (004), (200), (105), and (213) mainly 

associated with anatase phase according to 

JCPDS card file 21-1272. The average crystal-

lite size of prepared Nano-powders was calcu-

lated from full width at half maximum 

(FWHM) values corresponding to diffraction 

peaks by using Debye-Scherrer formula as fol-

lows (Equation (9)) [24]: 

 

(9) 

 

where, D is the crystallite size,  is the wave-

length of the X-ray radiation (in our test,  = 

0.15406 nm), K is usually taken as 0.89, and β 

is the full width at half-maximum height of the 

main intensity peak after subtraction of the 

equipment broadening. Meanwhile, the per-

centage of anatase in the TiO2 samples can also 

be estimated from the respective integrated 

characteristic XRD peak intensities using the 

quality factor ratio of anatase to rutile (1.265). 

X-Ray wavelength, b is full width at half maxi-

mum (FWHM) and θ is the Bragg’s angle. The 

calculated average crystallite sizes for 

N5%TiO2 sample are reported in Table 1. 

 

4.1.4 FTIR analysis 

Figure 6(a) plots the FTIR images of TiO2, 

the absorption peak seen in 3000-3500 cm−1 is 

specified to the stretching forms of OH bonds 

Figure 5. XRD images of 5 wt%N loading onto TiO2. 

cos

K
D



 
=
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Figure 6. FT-IR spectra of doped-TiO2 for (a) undoped-TiO2, (b) TiO2 N4%, (c) TiO2 N5%, and (d) TiO2 

N6%. 

(a) 

(b) 

(c) 

(d) 
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and linked to free H2O molecules. The peak 

about 558 cm−1, is due to the stretching vibra-

tion of Ti−O bonds. The peak at 1626 cm−1 was 

due to the sorbed H2O. Figures 6(b), (c), and (d) 

show the spectra of N-TiO2 powders from differ-

ent mole ratios of HNO3, respectively. The 

FTIR spectra of the N-TiO2 catalyst display a 

high peak at 3000-3700 cm−1 and a tight band 

at 1628 cm−1 that is allocated to the O−H 

stretching and H−O−H bending vibrations of 

sorbed H2O molecules. The peaks shown in 

1384, 1163, and 1019 cm−1 are ideal for N−O 

stretching and O−N−O bending vibrations,    

respectively [24]. Moreover, the peak at 514 

cm−1 for N-TiO2 is due to Ti−O−Ti bending vi-

brations, being red-shifted in comparison to the 

peak for TiO2 at 539 cm−1, and the peak at 653-

550 cm−1 is related to the Ti−O stretching vi-

bration [25]. The small absorption peak at 1050 

m−1 for the N−Ti−O bond was seen for all the 

prepared N-doped TiO2 samples, assuring the 

N combination into TiO2 [26]. 

 

 

 

4.2 Effect of Operating Parameters on DBT Ox-

idation 

4.2.1 Effect of N loading on TiO2 contact angle 

It is well-known that the degree of wettabil-

ity of TiO2 Nps enhances the surface photo-

catalytic activity [27]. In the present work, the 

effect of N loading on the hydrophilicity of TiO2 

Nps was studied. The contact angle meter mod-

el (CAM 110-Taiwan) was utilized to measure 

the water contact angle (WCA); a 5 L DI wa-

ter drop was dripped on the catalyst particle. 

Figure 7 (a, b, c, and d) represents the comput-

er images of contact angles obtained for water 

(a) (b) 

(c) (d) 

Figure 7. Images of contact angles for (a) N-free TiO2, (b) 4 wt% N-TiO2, (c) 5 wt% N-TiO2, and (d) 6 

wt% N-TiO2. 

Item wt% N loading Water contact angle (°) 

1 0 13.06 

2 4 28.22 

3 5 46.43 

4 6 51.32 

Table 3. Effect of N loading on catalyst´s con-

tact angle. 
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sprayed on various N-loaded specimens. Gener-

ally, the literature indicates that if the WCA is 

< 90°, the sample surface is counted as hydro-

philic. If the WCA is > 90°, the sample surface 

is hydrophobic [28]. Table 3 revealed that cata-

lysts of N loading (0, 4, 5, and 6 wt%) have con-

tact angles of 13.06, 28.22, 46.43, and 51.32 de-

grees, respectively, indicating that the N load-

ing over the specimen surface does not affect 

the hydrophilicity that helps remove solid pol-

lutants that adhere to surfaces by wash-

ing. The present trend of results is well agreed 

with previously published data [29,30]. 

 

5.2.2  Effect of illumination time and Nitrogen 

loading 

Figure 8 illustrates the change of DBT re-

moval against illumination time for different 

wt%N onto TiO2 nanoparticles at pH=10 and a 

xenon lamp intensity of 60 W/m2. The photo-

degradation time was estimated after the sorp-

tion of DBT onto the TiO2 Nps had approached 

equilibrium in the dark. As observed in Figure 

8 when the time of illumination was increased 

to 120 min the degradation of DBT increased 

as a result of this and the degradation was sta-

ble after this time. This trend may be due to 

that as the illumination time is raised, more 

free radicals are generated and boosted the 

degradation of DBT till the loading of DBT on-

to the TiO2 surface is decreased. Moreover, as 

observed in Figure 8, the outcomes reveal that 

the used N-source shows higher photocatalytic 

effectiveness of prepared N-TiO2 in the degra-

dation process. All N-TiO2 specimens offer the 

best photo-activity in comparison to undoped-

TiO2. It is seen in Figure 8 that after a xenon 

light irradiation of 20 min, the percentage deg-

radation of DBT was 33.3, 51.7, 62.4, and 

66.3% when N content increased from 0, 4, 5, 

and 6%, respectively. Moreover, after xenon 

lamp illumination for 130 min, the results 

marked that boosting the N loading from 0, 4, 

5, and 6 wt% increased the desulfurization rate 

from 63.5, 83.3, 90.7, and 91.5%, respectively. 

The present outcomes agree with the previous-

ly published data of [31,32]. 

 

5.2.3 Influence of light intensity 

Figure 9 plots the influence of light illumi-

nation on % DBT degradation for different N 

wt% loading and a pH = 10. As can be observed 

in Figure 9 that after 130 min of illumination 

as light flux was enhanced from 20, 40, and 60 

W/m2 the %DBT degradation boosted from 

75.6, 88.2, and 92.2 % correspondingly for N 

loading of 6 wt%. The plot points out a positive 

relationship between xenon illumination and 

DBT removal. This relationship occurs due to 

Figure 8. Variation of DBT removal against 

illumination time for different wt%N onto TiO2 

nanoparticles at pH=10, and a light intensity of 

60 W/m2. 

Figure 9. effect of light intensity on %DBT deg-

radation for different N wt% loading and a pH 

= 10. 

Figure 10. Variation of DBT removal versus 

irradiation energy accumulated in wastewater 

for different pH at irradiation flux = 60 W/m2. 
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that enhancing light illumination on a semicon-

ductor surface boosting the rate at which the 

(e−−h+) pairs are formed then increasing the 

generation rate of •OH radicals resulting in 

more oxidation of DBT. This link is also obvi-

ous in the data from [34-36]. Furthermore, the 

behavior of illumination against DBT degrada-

tion in Figure 9 shows a linear relation before 

the parting point (i.e., 40 W/m2, 88.1%), and a 

nonlinear relation after this point [37,38]. This 

could be due to that in the linear region, e−−h+ 

pairs are loaded by reactions with species (e.g., 

OH−) on the TiO2 surface quicker than by re-

joining with excited electrons; on other hand, in 

the nonlinear system, h+ are filled by rejoining 

at a quicker rate than by reaction with other 

species this commentary be in agreement with 

the data of Jacoby et al. [37].  Moreover, Figure 

9 shows that for a loading of 5 N wt% as light 

irradiance boosted from 20, 40, and 60 W/m2 

the %DBT degradation enhanced from 70.6, 

82.2, and 91.2% making the 6 wt% N has an 

average increase in %DBT removal of only 

3.3%. 

 

4.2.4 Effect of pH 

Figure 10 plots the variation of DBT remov-

al versus irradiation energy accumulated in the 

wastewater for different pH (4-10) after 130 

min. The accumulated solar energy per unit 

volume of polluted liquid (Q,n) in the illuminat-

ed reactor for the nth sample was calculated by 

Equation (10) [39]. 

 

(10) 

 

where, ∆t is time difference between two suc-

cessive samples (~20 min), A is irradiated area 

of the reactor (W×L) cm2, V is volume of pollut-

ed liquid in the experimental setup = 0.5 L, n is 

number of samples, and UVGN is the average 

global energy of illumination = 60 W/m2. In Fig-

ure 10, the initial pH of polluted liquid was 

changed from 4 to 10 with other operating pa-

rameters hold at (CDBT = 50 mg/L, CN-TiO2 = 400 

mg/L, Qsw = 1.0 L/min). In Figure 10, it is seen 

that after 130 min of the xenon lamp irradi-

ance, the values of %R reached 55, 78, and 92.5 

when the initial pH of the solution was 4, 7, 

and 10 respectively. This trend may be due to 

the surface charge of TiO2. In a solution of 

pH<7, N-TiO2 acquires a negative charge re-

sulting in attraction forces between the TiO2 

surface and the DBT ions in the solution en-

hancing the adsorption of thes1e ions onto the 

illuminated surface of N-TiO2 then boosting the 

DBT degradation. However, the opposite be-

havior was observed in the acidic environment. 

This could be because of the electro-repulsion 

forces between TiO2 Nps and DBT cations in 

the suspension hindering the sorption of cati-

ons onto the N-TiO2. Abid et al. [40] presented 

Equations (11) and (12) showing the variation 

of the characteristics of TiO2 surface with the 

change of pH of the polluted liquid near its 

pHpzc. 

 

TiOH + H+ ↔ TiOH2
+  pH < pHpzc (11) 

TiOH + OH− ↔ TiO− + H2O pH > pHpzc (12) 

 

The aforementioned suggests that pH 

changes impact the adsorption of DBT cations 

onto the TiO2 surface, an essential step for pho-

tooxidation to take place. For the prepared N- 

TiO2, pHpzc of our synthesized TiO2 was be-

tween 6-6.2. Hence, when the pH of the solu-

tion is >6.2 the sorbed ions of DBT onto the 

TiO2 begin to enhance because of the increase 

of TiO-groups on the TiO2 surface. In our work, 

%R approached maxima at pH=10. Conse-

quently, the photolysis of DBT attains higher 

values in alkaline media (i.e., when pH is >7). 

The present outcomes are well-agreed with the 

previously published data of Kim [41] who in 

his experimental work found that the degrada-

tion of benzothiophene (BT) in alkaline pH is 

higher than that in acidic. The author deduced 

that contest on sorption sites between BT and 

the (H2O/OH−) ratio at different pH was antici-

pated to affect the rate of reaction, and the 

mechanism of photodegradation. Moreover, the 

authors revealed that the increase in the rate 

of degradation with increasing pH may be due 

to the increased number of OH− ions on the 

surface of TiO2. Also, Kim et al. [42] studied 

the photodegradation of DBT under various op-

erating parameters. They found that a higher 

degradation of DBT occurred in the alkaline so-

lution. The authors attributed this behavior to 

the ionization of DBT which became higher in 

alkaline solution. 

 

5. Conclusion 

Dibenzothiophene existing in diesel is one of 

the main sulfur-containing organic pollutants 

in fuel oils and is difficult to be removed by the 

conventional hydrodesulfurization (HDS) 

method. In the present research, an environ-

mental friendly technology at ambient condi-

tions was used to remove DBT in a model fuel. 

A homemade N doped-TiO2 nanoparticles was 

prepared and immobilized on a bench-scale 

glass-made falling film reactor irradiated by a 

xenon lamp that emitted a visible light. Con-

, , 1n n n GN

A
Q Q t UV

V
−

= +   
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tact angle measurements indicated that the N 

loading over the photocatalyst surface did not 

affect the hydrophilicity of TiO2. Experimental 

results revealed that DBT degradation was de-

pendent positively on the N loading, light in-

tensity, and increasing pH. The results of our 

work confirmed the effective efficiency of the N-

doped TiO2 nanoparticles irradiated by visible 

light for DBT degradation. 
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