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Abstract 
The growing desire for clean fuels and the severe standards for sulfur emissions have spurred the development of efficient and sustainable 

desulfurization processes. In the present work, a visible-light-driven mixed nanocomposite (CuO@TiO2) was prepared and tested as a 

photocatalyst for the photo-degradation of dibenzothiophene (DBT), which is deleterious to the environment and the major sulfur-containing 

component of fossil fuels. The composite was synthesized by a facile process and characterized by XRD, FT-IR, Raman, BET measurements, 

SEM, EDX, UV–Vis diffuse reflectance spectroscopy (DRS), and PL. The visible-light-driven photocatalytic activity of mixed composite was 

higher than that of TiO₂ and CuO alone, due to the enhanced charge separation, the narrowed bandgap and the strong interaction between 

CuO and TiO₂ under visible-light irradiation. The photodegradation activity was markedly affected by the amount of catalyst, addition of 

oxidizing agent (hydrogen peroxide, H2O2) and irradiation time. A proposed mechanism indicated that superoxide and hydroxyl radicals 
were primarily responsible for DBT oxidation. The DBT removal under the optimum condition was 99.67%, while the real sample of diesel 

feedstock (1300ppm-Sulfur content) was 95.37% under LHL light and under Sun light was 98.92%. An extraction step was involved in the 

case of using real sample of diesel fuel to remove the oxidized sulfur compounds by using acetonitrile as solvent. Moreover, the catalyst 
showed high stability and reusability for six cycles, and could be a promising candidate to actual fuel desulfurization. This work provides a 

green, efficient and low-cost approach for the preparation of ultra-low sulfur fuel based on solar energy.   
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1. Introduction 

The continuous increase in the global population and rapid expansion of economic activities has led to an extraordinary 

surge in energy demand, especially for naturally available and cost-effective fuel oil [1, 2]. However, crude fuel oil contains 

various cyclic sulfur compounds, such as thiophene, benzothiophene and dibenzothiophene, which are the main factors of 

SOx in emissions in the combustion process, and leads to serious problems in environment pollution [3, 4].  Therefore, it is 

necessary to have efficient desulfurization processes, especially for petrochemical industries [5]. The use of photocatalysis 

for environmental purification is primarily for the desulfurization of fuel [6, 7]. Although traditional HDS technologies are 

commonly used in refineries, they need high temperature/pressure and intensive hydrogen consumption, which cannot be 

ignored due to the economic and operation pressures [8]. Other options for desulfurization such as extractive [9], oxidative 

[10], adsorptive [11], and biological processing techniques have been considered [12]. Among them, oxidative desulfurization 

(ODS) is a notable process due to its efficiency and economic accessibility and in particular, its capacity to eliminate 

recalcitrant sulfur compounds in the presence of oxidant agents (e.g., hydrogen peroxide) [13, 14]. Photocatalytic oxidative 

desulfurization in particular is very promising because it produces highly-oxidizing species like hydroxyl radicals (•OH) that 

leads to the cleavage of sulfur compounds [15-17]. The semiconductor photocatalysts are of great concern for their high 

efficiency in the accessible longer wavelength (800 nm) light source. The photo-oxidation property and catalytic activity of 

these photocatalysts are proved to be higher than that of other existing materials  [18, 19]. Metal oxides have received great 

attention due to their excellent photochemical properties for photodesulfurization. The role of oxygen vacancies in the 

template synthesis of metal oxides and the synergetic effects of binary as well as ternary oxides have been found to be 

especially important. Such enhanced charge separation and broadened light absorption features made them to be promising 

candidates for the photocatalytic desulfurization process. Mixed metal oxide nanocomposites are among them and have 

received much interest due to its abundant stability, and excellent light-harvesting ability [20, 21]. Furthermore, it owns 

highly catalytic properties and is easy to be separated and recycled such that it can be reused. 

Ideal photocatalyst for applications like photodesulfurization should satisfies: (1) stability in light irradiation conditions, 

(2) resistant to biological and chemical decomposition and (3) lower in cost (4) interact better with the reactants under 

appropriate excitation photon [6, 22].  
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In the present work, mixed composite of (CuO@TiO2) was successfully prepared and showed remarkable photocatalytic 

performance toward dibenzothiophene (DBT), one of the most prevalent sulfur-containing impurities that occur in diesel fuel 

due to the synergetic effect at the interface and efficient visible light absorption. The innovation of the present work is the 

specially prepared mixed metal oxide as a nanocomposite photocatalyst for the degradation of DBT, and p-n heterojunction 

formation between CuO (p-type semiconductor) and TiO2 (n-type semiconductor) can result in efficient photo-generated 

charge separation, reducing the electron-hole recombination and hence improving the efficiency of the photocatalyst. In many 

catalytic reactions, TiO2 has been used as a co-catalyst or promoter of an active phase. As a visible-light- active and stable 

photocatalyst, CuO/TiO2 would be very attractive material for sulfur-removal under visible light irradiation. As its notable 

feature of reusability and stability, the mixed photo-catalyst could be recycled. This work presents a sustainable, green and 

low cost approach of solar-driven synthesis of ultra-low sulfur fuels for environmental and clean energy applications. 

 

2. EXPERIMENTAL  

2.1 Materials and techniques  

All chemicals were analytical grade and were purchased from Sigma-Aldrich, and were used as received without further 

purification. 

Titanium tetrachloride (TiCl₄, 99%) was purchased from Merck (Germany), hydrochloric acid (HCl, 36%) from Sigma-

Aldrich (Germany), copper(II) nitrate trihydrate [Cu(NO₃)₂•3H₂O, 99%] from Sigma-Aldrich (Germany), and ammonium 

hydroxide (NH₄OH, 33%) from Sigma-Aldrich (Germany). All reagents were of analytical grade and were employed without 

further purification. Diesel feedstock, obtained from Middor feedstock, Egypt, has been employed for this study.  

 

Table (1): Characterizations for Middor diesel feedstock 

 

Characterization Diesel feedstock ASTM Code 

Yield, Wt. %. 100 - 

Refractive index,20 oC 1.4668 D-1218 

Density, 20 oC, gm/cm3 0.8267 D-1298 

Sulfur content, ppm 1300 D-4294 

Aniline point, oC 70.4 (158 oF) D-611 

Diesel index 52.20   - 

 

2.2 Synthesis 

2.2.1 Preparation of mixed nanocomopsite catalyst  

First, the preparation of copper oxide (CuO NPs) catalyst via the co-precipitation method. A 0.05 M solution of copper(II) 

nitrate trihydrate was prepared using a mixed of water (distilled) and stirred at 70°C for 30 min in order to guarantee that the 

dissolution is complete. Ammonium hydroxide (NH₄OH) was then added to the solution as a precipitating agent dropwise 

until pH of the solution was about 11. Then, the reaction mixture was stirred at room temperature for an extra 60 min to 

ensure the full formation of copper hydroxide (brown precipitate). The precipitate was collected by settling, and washed well 

with deionized water to remove ions before filtering. The resulting solid was dried in an oven at 120 °C for 6 h. Finally, the 

obtained dried copper hydroxide was calcined in a muffle furnace at for 4 hr at 500°C to form pure crystalline copper oxide 

(CuO) nanoparticles Catalyst A. 

Secondly, the preparation of TiO2 NPs (Catalyst B). Anatase-phase TiO2 nanoparticles were prepared according to the 

authors’ previous work [23]. In short, pre-cooled titanium tetrachloride (TiCl4) was slowly diluted into hydrochloric acid to 

form a colorless solution. This solution was then poured into 1 M aqueous ammonia at 25°C with stirring. To obtain the 

desired anatase TiO2, the resultant precipitate was dried in an oven at 120°C for 6 h and further calcined at 500°C for 4 h 

[24]. 

Finally, CuO@TiO₂ nanocomposites (Catalyst C) was prepared by facile physical mixing method. equimolar quantity of 

CuO was mixed with TiO₂ powder and then manually ground in a mortar to get good dispersion. The mixtures were then 

sonicated for 60 min at 50°C to promote interaction among the constituents and the uniformity of the mixtures.The sonicated 

mixture were dried to yield the final mixed nanocomposite with well dispersion. 

 

2.3 Characterization Techniques of Photocatalyst  

The as-prepared photocatalysts were characterized by a series of characterization methods. The crystallinity was identified 

by X-ray diffraction (XRD) with a Shimadzu XD-1 instrument using Cu-Kα radiation (λ = 0.154 nm). The functional groups 

of the composites were detected by FTIR instrument (Perkin Elmer) with standard KBr pellet. Raman spectra detected 

utilized a BRUKER 110/S spectrometer in the range from 150-4000 cm−1. The surface morphology and elemental 

composition were determined by scanning electron microscopy (SEM, Quanta-250 FEG, FEI, the Netherlands) with energy 

dispersive X-ray spectroscopy (EDX). 
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UV–vis DRS spectra were obtained from 200 to 800 nm using a Jasco V-570 spectrophotometer equipped with a 

Shimadzu IRS-2200 diffuse reflectance accessory. The photoluminescence (PL) properties were measured at room 

temperature using a spectrofluorometer (JASCO FP-6500, Jasco International Co., Ltd., Tokyo, Japan) with an excitation 

wavelength of λ = 250 nm. The Brunauer–Emmett–Teller (BET) surface area and porosity were characterized by nitrogen 

adsorption–desorption isotherms at −196 °C with a Quantachrome Nova 3200e analyzer, after degassing the samples at 300 

°C for 6 h under vacuum (1.3 × 10⁻³ Pa). Photodesulfurization studies of the degradation of dibenzothiophene (DBT) was 

monitored by reversed-phase high-performance liquid chromatography (RP-HPLC) (C18: 250 × 4.60 mm, 5 μm). The mobile 

phase was a 55:45 (v/v) mixture of water and acetonitrile at a flow rate of 0.8 mL/min and detection at 230 nm. 

 

2.4 Photocatalytic Activity Measurements 

The desulfurization of the DBT was performed in 20 mL of the sample with 0.1 g of the catalyst under light sources, of visible 

light using a line halogen lamp (550 nm, 500 W) in a double-jacketed quartz reactor for a maximum 90 min. The adsorption 

properties of the prepared catalysts were evaluated in the dark by placing 0.1 g of the catalyst to 20 mL of the feed for 24 h 

before irradiation. A number of factors were studied in the present research, such as the source of light, amount of catalyst, 

time of irradiation, and the effect of oxidizing agent (hydrogen peroxide). The optimum conditions are performed for diesel 

feed stock 1300 ppm. Finally, the role of sun irradiation was studied at the optimum conditions. 

 

3. Results and discussions 

3.1 Characterizations 

  

3.1.1 XRD analyses 

The structural properties of pure TiO2 (Catalyst A), CuO (Catalyst B) and Mixed nanocomposite were examined using X-

ray diffraction (XRD), as illustrated in Figure 1a. The XRD spectrum for pure TiO2 revealed prominent peaks at 2θ angles of 

25.31° (101), 38.02° (004), 47.84° (200), 55.07° (105), and 62.84° (204), which correspond to the anatase phase of crystalline 

TiO2 [23]. While, CuO showed peaks at 2θ angles of 32.51° (110), 35.56° (002), 38.84° (111), 48.72° (202), 53.48° (020), 

58.35° (202), 61.53° (113), 66.05° (311), and 68° (200), aligning with the crystalline planes of CuO (Catalyst B). 

Furthermore, in Mixed nanocomposite sample, all peaks of both CuO and TiO2 were detected in XRD of the nanocomposite, 

affirming the successful preparation of the nanocomposite. In addition, the absence of any extra impurities peaks indicates that 

the as-prepared Mixed nanocomposite was effectively produced with high purity and crystallinity [24].  

 

3.1.2 Infra-red measurements 

Fourier-transform infrared (FTIR) spectroscopy of as-prepared samples was illustrated in Figure 1b. For catalyst A, (pure 

TiO2) highlighted two key regions: 450-850 cm−1 and 3000-3700 cm−1. The broad peak in the 450-850 cm−1 range 

corresponds to the stretching vibrations of TiO2 [25, 26]. Meanwhile, the peak observed in the 3000-3500 cm−1 range is 

attributed to the OH stretching vibrations of surface hydroxyl groups. For the Mixed nanocomposite, notable peaks were 

found around 520 cm−1 and 595 cm−1, which are indicative of Cu-O stretching vibrations [27, 28].  

 
3.1.3 Raman spectroscopy 

Raman spectroscopy provided detailed insights into the structural characteristics of pure TiO2 & CuO, and its Mixed 

nanocomposite, as shown in Figure 1c. All samples displayed a prominent peak at 151 cm−1, corresponding to the E(g) 

mode, which indicates the symmetric stretching vibrations of O−Ti−O bonds in TiO2 (Catalyst A) [25, 29]. Notably, the 

intensity of this 151 cm−1 peak presented for CuO (Catalyst B). For the Mixed nanocomposite, the combination of the two 

catalysts highlights the substantial impact of CuO doping on the TiO2 lattice. Such structural modifications influence the 

material’s physical and chemical properties, potentially leading to enhanced catalytic performance [24]. 

 

3.1.4 Surface area and pore size distributions 

N2 adsorption–desorption measurements were carried out for both pure TiO2, CuO, and Mixed nanocomposite as depicted in 

Figure 1d. The isotherm for pure Catalyst A (TiO2), Catalyst B (CuO), and Mixed nanocomposite showed a Type IV curve, 

typically for mesoporous materials, and featured a distinct H1-type hysteresis loop within the relative pressure range of 0.6 to 

1.0, suggesting the presence of well-defined mesoporous structures [23]. The BET specific surface area was determined to be 

110.15 m²/g for pure TiO2, 55.36 for pure CuO, and 90.47 m²/g for the Mixed nanocomposite. This reduction in surface area 

with the combination of TiO2 with CuO suggests some degree of pore occupation by the CuO nanoparticles [23]. 

Additionally, The BET specific surface area, pore volume, and average pore diameter for three samples are presented in Table 

2. 
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Fig. 1: (a) XRD of the prepared Catalyst A (TiO2), Catalyst B (CuO), and Mixed nanocomposite, (b) FTIR of the prepared samples, 

(c) Raman spectroscopy, and (d) The N2 adsorption-desorption isotherms 
 

Table (2): The specific surface area, pore volume, and average pore diameter of three catalysts. 

 

Catalyst 
Surface area 

(m2/g) 

Pore 

volume 

(cm3/g) 

Average pore 

diameter (nm) 

Catalyst A 110.15 0.273 6.529 

Catalyst B 55.36 0.150 4.127 

Catalyst C 90.47 0.261 3.743 

 

3.1.5 Morphological studies  

To examine the composite's morphology in greater detail, a SEM with an EDX analysis study was carried out. Figure 2a 

shows the typical (inset) SEM image of the composite. SEM image of Mixed nanocomposite illustrate the shape of 

extremely fine drops and spheres with little agglomerates on the surface of TiO2 Nps.  

Moreover, Figure 2b demonstrates the EDX spectrum of as-prepared Mixed nanocomposite. The peaks show that essential 

elements present (Cu, Ti, and O). The absence of any other atoms ensures the high purity of the as-prepared Mixed 

nanocomposite and this is in accordance with the XRD peaks, since, it is free from unknown peak in the XRD pattern.  

 

 
Fig.2: (a) In set SEM image & (b) EDX of the prepared Mixed nanocomposite. 
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3.1.6 Optical studies 

The optical behavior of Catalyst A (TiO2), Catalyst B (CuO), and Mixed Nanocomposite was studied via UV-visible 

diffuse reflectance spectroscopy, as illustrated in Figure 3(a-c).  CuO displayed an absorption band at 550 nm and TiO2 at 

385 nm [30, 31]. While, Mixed nanocomposite showed strong absorption in the visible light region, with notable peaks at 

460 nm. The UV-vis spectra indicate that the incorporation of CuO into the TiO2 exhibits a red significant absorption in the 

visible spectrum, with the absorption edge shifting to longer wavelengths, suggesting its potential for superior photocatalytic 

performance under visible light conditions [32]. 

The band gap energies of the three samples were determined from their optical absorption spectra using Tauc's Equation 

(eq.1):   

 (αhυ)n=A(hυ-Eg)                             eq.(1) 

Where α is the coefficient of absorption, hυ is photon energy, A is a constant, and Eg is the optical bandgap, respectively. 

As shown in Figure 3(d-f), the calculated band gaps for the Catalyst A (Pure TiO2), Catalyst B (Pure CuO), and Mixed 

nanocomposite were 3.2, 2.2 and 2.6 eV, correspondingly. This reduction in band gap enhances the materials' ability to absorb 

visible light, indicating their potential as effective photocatalysts for photodesulfurization process. 

 

 
Fig. 3: (a-c) Uv- Visible reflectance & (d-f) Bandgap of the as-prepared samples. 

 

 

3.1.7 Photoluminescence Spectroscopy  

      The charge migration and transfer performance of the synthesized samples were evaluated through photoluminescence 

(PL) spectra analysis. Generally, photocatalysts are designed and utilized to enhance photocatalytic efficiency by minimizing 

electron-hole recombination rate, as the rapid recombination of electrons and holes is a key limitation in photocatalysis. PL 

intensity is directly related to the recombination rate of photo-induced charge carriers, where higher PL intensity under light 

irradiation indicates a greater rate of electron-hole recombination [32].  

 

Figure 4 presents the PL spectra of the three samples and the intensity decreases in the following order: Catalyst B > 

Catalyst A > Mixed nanocomposite. Since, Mixed nanocomposite shows the lowest PL intensity so, this may be an 

efficient electron migration from Catalyst B (CuO) reduces the recombination of photogenerated electron-hole pairs in the 

Mixed nanocomposite. This finding indicates that the Mixed nanocomposite can extend the photocatalytic excitation state, 

leading to a longer half-life. Also, improves carrier separation, it could lead to a higher desulfurization rate under visible light, 

making it more efficient for sustainable energy generation. 
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Fig. 4: PL spectroscopy of the as-prepared Samples. 

 

 

4.1 Photodesulfurization process 

4.1.1 Experiments in the dark 

Prior to the photocatalytic process, the generated nanocomposites' adsorption capacities towards sulfur compounds were 

evaluated in the dark for 24 hours. The data are graphically represented in Figure 5, where Catalyst A, with a surface area of 

(110 m2g-1), demonstrated the best adsorption capability towards S removal (20%) in comparison to Catalyst B (11%) and 

Mixed nanocomposite (17.5%).  

 

Contrary to the adsorption results, Mixed nanocomposite showed the highest photocatalytic desulfurization (39%) of 

DBT removal under the influence of LHL 550nm, 500W for 60 min., and one gram per liter due to its suitable band gap 

energy (2.6 eV) and prolonged photocatalytic performance due to lower electron/hole pair recombination as previously 

detected by PL measurements (Figure 5). The impact of various operational factors on the photo-desulfurization of DBT was 

thus investigated using Mixed nanocomposite in this study. 

 

 
Fig. 5: Effect of Dark and LHL (500W) light of as-prepared samples on photodesulfurization process. (Conditions: dose= (1g/L), 

time= 60 min.). 
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4.1.2 Effect of amount of catalyst 

Figure 6 shows how the catalyst dosage (0.25-2 g/L) affected the photo-desulfurization process for 1 hour under LHL lamp 

light. The amount of DBT removed rose consistently as the catalyst/DBT ratio grew from 0.25 to 1 g/L (39%). The total 

photocatalytic activity, however, decreased to 22% when the catalyst/feed ratio was above 1.75g because the other catalyst 

particles unintentionally scattered light [33].   

 
Fig. 6: Effect of Catalyst dose on the DBT removal%. (Conditions: dose= (0.25-2 g/L), time= 60 min., LHL). 

 

 

4.1.3 Effect of oxidizing agent H2O2 insituo with DBT 

The use of an oxidizing agent, H2O2, to oxidize DBT in the presence of Mixed nanocomposite catalyst was another factor 

in this section. The process was performed using the optimum condition of Mixed nanocomposite,s dose 1g/L for one hour 

under LHL.  

 

Figure 7 shows the effect of addition technique of H2O2 to the photocatalytic process of DBT removal. This finding may 

encourage the use of Mixed nanocomposite photocatalyst as a practical and highly effective photocatalyst for a variety of 

environmental management applications. And the best ratio of DBT/ H2O2 was (1:0.75) volume by volume and the DBT 

removal recored nearly 99.67%. 

 

 
Fig. 7: Effect of DBT/H2O2 ratio on DBT removal%. 

 

4.1.4 Effect of time  

After obtaining the optimum condition of catalyst type, dosage and addition of hydrogen peroxide, Figure 8 shows the 

effect of contact time (15, 30, 45, 60, 75, 90) minutes at these conditions. A maximum DBT of 99.67 % after 60 min. on 

contrast, by increasing the time there is any progress in the photo-desulfurization process. 
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Fig. 8: Effect of the contact time on sulfur removal%. 

4.1.5 Effect of Sunlight 

The goal of this stage was to reduce the process costs by replacing the LHL with sunlight irradiation at the last optimum 

operating factor and applying the obtainable optimum conditions on a real feed stock of diesel fuel with sulfur content of 1300 

ppm. According to Morshedy and his co-workers [34], the average intensity of sunlight in Egypt at the time of the tests was 

1371 W/m2. Figure 9 shows the sulfur removal % was reached up to 99% under sunlight at the optimum conditions compared 

to artificial LHL (95.37%) under the same conditions.  In this stage a solvent extraction step was involved for the removal of 

the oxidized products of sulfur compounds via using acetonitrile CH3CN and the Solvent to feed (S/F) ratio was 2:1. In terms 

of economics and energy consumption, an economic desulfurization reaction to produce ultra-clean diesel fuel utilizing 

Mixed nanocomposite of (CuO@TiO2) can be achieved. 

 

 
Fig. 9: Effect of the Sunlight irradiation on sulfur removal%.*Conditions: dose (1g/L), time (60 min.), Diesel feed/H2O2 ratio 

(1:0.75), and CH3CN to feed ratio (2:1). 

 

4.2 Recycling process 

Recyclability of the catalyst is crucial for industrialization. At ideal conditions, the photo catalyst could be used more than 

seven times while retaining excellent photocatalytic activity, as shown in Figure 10a. Additionally, to further support the 

synthesized nanocomposite's endurance, we contrast the XRD pattern of the used catalyst (Figure 10b). The strong interaction 

between CuO and TiO2 and the great stability of the photocatalyst were provided by the catalyst, which was shown by the 

XRD pattern to have retained its structural and compositional integrity during the recycling runs.  

Figure 10a shows the catalyst may be used more than six times to desulfurize diesel oil without losing any of its 

exceptional photocatalytic activity. Also, the extraction capacity of the solvent used may be created and used repeatedly 

without losing its effectiveness; the approach offers a high long-term viability for practical applications. 



 SUSTAINABLE GREEN FUEL TECHNOLOGY VIA PHOTOCATALYTIC DESULFURIZATION OF.. 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 68, SI: Z. M. Nofal (2025)  
 

 

1093 

 

 
 

 
Fig. 10a: Catalyst recycling on photo desulfurization process. 

 

 
Fig. 10b: XRD of spent Mixed nanocomposite (CuO@TiO2). 

 

 

4.3 Mechanism of photodesulfurization process 

One such hypothetical mechanism is shown in Figure 11. When photo-catalyst is irradiated, photons are absorbed and the 

electrons transfer from the VB to the CB, resulting in positive holes in the VB serving as the oxidant according to Eq. 2. The 

Mixed nanocomposite has a high PL character that reinforces the inhibition of the recombination of photo-excited electron–

hole couples and contribution toward the photoexcited charge carrier’s separation. This delayed recombination allows holes to 

migrate to the catalyst surface, where they can efficiently oxidize organic sulfur compounds as represented by Eq. 3. 

Moreover, with the introduction of H₂O₂, desulfurization efficiency is improved via generation of highly reactive hydroxyl 

radicals, and furthermore via deters h⁺/e⁻ from recombining (Eq. 4). Hydroxyl radicals considered as a powerful oxidizing 

agent who oxidized the sulfur compounds to the corresponding sulfone and sulfoxide, which can be removed easily by solvent 

extraction step as shown in Eq. 5&6. 

These results indicate that an integration of photocatalytic and photochemical oxidation processes can effectively enhance 

the removal efficiency of sulfur. 
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Fig.11: Systematic diagram for the photocatalytic desulfurization process. 

 

Mixed nanocomposite+ hƲ→(hole)++(electron)-                                                                Eq. (2) 

Mixed nanocomposite (h+)+ Sulfur →Mixed nanocomposite+ Oxidation product             Eq. (3)                                     

H2O2 + hν → 2 •OH                                                                              Eq. (4) 

Mixed nanocomposite(e-)+ H2O2   → 2 •OH                                                                   Eq (5) 

2•OH + Sulfur compounds → CO2+H2O+SO4
-2                                                                    Eq (6) 

Since CuO is considered as P-type semiconductor [35, 36] and TiO2 is n-Type [37, 38] So, the Mixed nanocomposite of 

them these produce P–N heterojunction which is critical to the separation and transport of photo-excited carriers. The 

heterojunction excellent in reducing recombination loss and promoting effective charge transfer region would substantially 

improve the photocatalytic activity of the composite, indicative of high potential for future photocatalytic applications [39]. 

 

4.4 Comparative evaluation of photocatalytic desulfurization efficiencies of Mixed nanocomposite versus other 

from recent publications  

Photocatalytic desulfurization is a rapidly developing area, with several catalysts being created to efficiently utilize solar 

energy. Table 3 compares different catalysts, light sources, and Sulfur removal. This research found that the (CuO@TiO2) 

Mixed nanocomposite gave up to 99% removal for DBT model compound of 500 ppm, 95.37% for diesel feedstock under 

LHL of 550nm&500W. On the other hand, under sun light, the sulfur removal reached over 98% for real sample diesel 

feedstock. This data exceeds that of other state-of-the-art catalysts, offering a foundation for future investigations into the 

development and optimization of analogous nanocomposite systems to achieve superior photocatalytic desulfurization 

performance. 

 

Table (3): Comparison of diferent catalysts for photodesulfurization process 

 

Photocatalyst Conditions Sulfur Removal, % References 

Cu–ZnO/TiO₂ 
 

Dibenzothiophene (DBT), (BT), 

(T), model fuel in n-hexane 

solvent (500 ppm), oxidant: 

H₂O₂ (30%), light source: 500 

W Xe-lamp 
 

88.12 

 

[40] 

Cu-doped TiO₂/BiVO₄ 

 

DBT in model fuel; H₂O₂; visible light >500 nm 93 [41] 
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Au-m-TiO₂/g-C₃N₄ 

 

Dibenzothiophene (DBT), model fuel in n-octane 

(500ppm), oxidant: H₂O₂ , visible light >400 nm 

98.7 [42] 

Ultrasonically 

synthesized TiO₂ 

Thiophene, oxidant: H₂O₂, UV light 43 (toluene); 100 (n-

hexane, n-octane) 

[43] 

Amorphous TiO₂ in 

ionic liquid 

DBT, BT, 4,6-DMDBT, RSH, oxidant: H₂O₂, UV light, 

optimal reaction conditions 

96.6 [44] 

H₅PV₂Mo₁₀O₄₀/TiO₂ 4-Methyldibenzothiophene (4-MDBT), oxidant: H₂O₂, 

temperature: 60oC, UV light 

99.0 [45] 

HY@TiO₂-1.5  

 

DBT, BT, oxidant: H2O2, temperature: 70oC, UV light 99.7 for DBT, 85.0 

for BT 

[46] 

Tl-doped TiO₂ 

Nanofibers 

Diesel fuel, oxidant: H2O2, light source: Xe lamp. 98.74 [47] 

Mixed nanocomposite 

(CuO@TiO2) NPs 

DBT, 500 ppm 

Diesel fuel (1300 ppm), oxidant: H2O2, light source: (LHL 

lamp, Sun). 

99.67 

95.37 (LHL)& 98.92 

(Sun) 

This Work 

 

5.  Conclusions 

In the present work, a visible-light-driven mixed photocatalyst (CuO@TiO2) was successfully prepared and showed 

remarkable photocatalytic performance toward dibenzothiophene (DBT) degradation, one of the most prevalent sulfur-

containing impurities that occur in diesel fuel. The characteristic properties of the the three catalysts were confirmed by XRD, 

SEM-EDX, FTIR, Raman spectroscopy, Uv reflectance and photoluminace spectra. From the data, the three nanocomposites 

were found to be effective under visible light (LHL, 550nm, 500W).  Mixed nanocomposite had lowest the PL recombination 

rate and showed the highest activity. The boosted activity over the pure catalysts (CuO or TiO2) was due to improved 

separation of charges, synergetic effect at the interface and efficient visible light absorption. The photocatalytic performance 

was also affected by catalyst amount, H2O2 dosage, and irradiation time, where the superoxide and hydroxyl radicals were the 

main radicals along the degradation route. Under optimal conditions, the removal efficiency of DBT reached 99.67%. When 

applied to a real diesel feedstock sample containing 1300 ppm of sulfur, the desulfurization efficiency was 95.37% under 

laboratory halogen lamp (LHL) illumination and 98.92% under natural sunlight. For the real diesel sample, an additional 

extraction step was implemented using acetonitrile as the solvent to separate the oxidized sulfur compounds. Furthermore, the 

catalyst demonstrated excellent stability and reusability over six consecutive cycles, indicating its strong potential for practical 

applications in fuel desulfurization. As its notable feature of reusability and stability, the mixed photocatalyst could be 

recycled. This work presents a sustainable, green and low cost approach of solar-driven synthesis of ultra-low sulfur fuels for 

environmental and clean energy applications.  
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