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A B S T R A C T   

Water pollution and scarcity of clean water are major issues of concern globally. In this study, 
titanium dioxide (TiO2) photocatalyst doped with ferric oxide (Fe2O3) was used to degrade 
reactive blue dye (171) using sunlight irradiation. Two approaches were employed to synthesize 
the photocatalyst: synthesis of ferric oxide and titanium precursor through ultrasonic-assisted sol- 
gel method and using iron (III) nitrate nonahydrate with commercial titanium dioxide. The 
photocatalysts were characterized using FTIR Spectroscopy, SEM, XRD analyses, and UVDRS to 
determine their chemical composition, morphology, crystallinity, and light absorption, respec
tively. The effect of contaminant concentration (1–3 ppm), solution pH and photocatalyst type on 
the degradation efficiency was studied. Doping enabled visible light absorption as confirmed by 
the UVDRS analysis. Solar photocatalytic degradation resulted in complete (100 % removal) of 
the dye within 2 h under solar irradiation for all concentrations of the dye studied. Furthermore, 
the photocatalysts exhibited superior performance in both neutral and acidic solutions compared 
to basic ones. After four cycles, the dye removal efficiency has decreased by less than 15 % for all 
the photocatalysts confirming the significant activity and high stability of the nanocomposite. The 
increased dye photodegradation efficacy of Fe2O3 doped TiO2 under sunlight irradiation is 
attributed to the narrowing of the photocatalyst’s bandgap from 3.76 eV (in pure TiO2) to 2.83 
eV. This narrowing of the bandgap enhances the absorption of visible light from sunlight, thus 
making this photocatalyst effective under sunlight and eliminating the use of electricity which is a 
requirement for ultraviolet photocatalysis.   

1. Introduction 

There has been significant focus on reactive dyes used for dyeing and printing of cellulose fibers due to their extensive use and the 
need to management water effluent, so that it is discarded after pretreatment. This attention stems from the widespread detection of 
these dyes including reactive dyes in water discharged from the dyeing and printing factories [1]. Consequently, it is imperative to 
develop effective strategies for mitigating the release of these dyes into accessible water sources. Addressing this concern is vital for 
environmental preservation and ensuring the sustainability of water resources. Various methods, such as adsorption, biological 
treatment, advanced oxidation processes, and membrane technologies, have been explored for their potential to remove reactive dyes 
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and minimize their impact on water quality [2–4]. Photodegradation involves the decomposition of organic molecules through 
interaction with a photocatalyst material and exposure to UV or sun light, ultimately resulting in the production of carbon dioxide 
(CO2) and water (H2O) [2]. TiO2 nanoparticles stand out as one of the most widely recognized photocatalysts for the breakdown of 
organic contaminants [5]. When exposed to UV or sun light, TiO2 catalyzes the photodegradation process, facilitating the conversion 
of organic compounds into environmentally benign by-products, such as CO2 and H2O. This property makes TiO2 nanoparticles highly 
effective in the field of photocatalysis for the removal of organic pollutants [6,7]. 

When the TiO2 surface is exposed to sufficient energy that surpass its band gap, it initiates redox reactions [8]. Subsequently, 
electron-hole pairs are generated, potentially instigating redox processes on the TiO2 surface. However, the economic viability is 
constrained by suboptimal photoreaction rates and the limited spectral alignment between the TiO2 absorption spectrum and solar 
emission spectrum. Additionally, the photocatalytic activity is hampered by rapid charge carrier recombination and sluggish charge 
carrier interfacial transfer rates [9–11]. 

Nanoparticles, including zero-valence metals, semiconductors, and certain bimetallic varieties, play a crucial role in the remedi
ation of environmental pollutants like azo dyes, Chlorpyrifos, organochlorine pesticides, nitroaromatics, and more. Notably, metal 
oxide nano photocatalysts such as SiO2, ZnO, TiO2, Al2O3, Fe2O3 among others, are widely employed for their effectiveness. Titanium 
dioxide is particularly distinguished as an outstanding photocatalyst, attributed to its cost-effectiveness, non-toxicity, chemical sta
bility, and abundance on earth [12–15]. A variety of nanomaterials have demonstrated success in removing heavy metals, organic 
contaminants, inorganic anions, and microorganisms. The use of nanomaterials and nanoparticles (NPs) has recently gained traction in 
addressing environmental challenges such as water contaminant treatment and environmental monitoring/sensing. These materials 
are considered advantageous due to their reactive nanostructures, which have the potential to efficiently convert and remove haz
ardous/toxic pollutants, transforming them into non-toxic substances [16]. 

Metal oxides typically exhibit a higher bandgap, rendering them particularly effective as substrate materials, especially in the UV 
region. This characteristic makes them well-suited for serving as a foundation in various applications. Conversely, materials with 
narrower bandgaps are often employed as secondary components. Notably, oxides like ZnO and TiO2 display heightened photo
catalytic activity in the UV region, making them popular choices as substrate materials in diverse applications [17]. Hematite 
(α-Fe2O3), recognized as a type band gap semiconductor with a value of 2.1 eV, has garnered significant interest due to its versatile 
applications. It is widely employed in various fields such as gas sensors, electrochemistry, pigments, drug carriers, and wastewater 
treatment. The semiconductor’s distinctive properties make it valuable in sensing applications, electrochemical processes, imparting 
color as a pigment, serving as a carrier for pharmaceutical compounds, and effectively participating in the treatment of wastewater. 
The diverse range of applications which includes and not limited to dye degradation [18] and removal of organic pollutants from 
municipal waste water (Mecha et al., 2016) underscores hematite’s importance in multiple scientific and industrial domains. 

This study introduces an innovative strategy to tackle the challenge of eliminating the resilient environmental pollutant, reactive 
blue dye, employing advanced photocatalytic degradation processes. In contrast to traditional treatment methods that prove inef
fective against emerging organic contaminants, photocatalysis effectively degrades and mineralizes the dye. The novelty of this study 
lies in the comparative synthesis and performance evaluation of two distinct approaches used to prepare Fe2O3–TiO2 photocatalysts. 
Furthermore, the study contributes to knowledge by developing visible light active photocatalysts that eliminate the use of electricity 
which is a requirement for ultraviolet photocatalysis using pure TiO2. It therefore makes the process environment friendly and less 
costly, both of which are necessary for large scale deployment of this technology in addressing water pollution. 

2. Materials and methods 

2.1. Materials 

Titanium (IV) tetraisopropoxide 97 % (TTIP) (supplied by Aldrich), titanium dioxide (TiO2) powder and iron (III) nitrate non
ahydrate (Fe (NO3)3⋅9H2O) (supplied by DLA company), isopropanol ((CH3)2CHOH, (supplied by Gelsup company), absolute ethanol 
(C2H5OH) (supplied by Eldo lab), reactive navy blue HER dyes for textile industry (supplied by Rift valley textiles (Rivatex) Ltd). The 
physicochemical properties of the blue dye are reported in Table 1. All the chemical reagents employed in this study were of analytical 

Table 1 
Physicochemical properties of Reactive Blue.  

Name Molecular Structure Chemical 
Formula and structure 

Molecular Formula MW (g.mol-1) λ max (nm) (pH = 6.0) 

Reactive Blue 171 Double azo class C40H23Cl2N15Na6O19S6 1418.93 600  
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grade, necessitating no additional purification. 

2.2. Photocatalysts synthesis 

2.2.1. Synthesis of Fe2O3 
The method reported by Ref. [19] was used with modification. Initially, pure α-Fe2O3 powder was synthesized through a two-step 

process. Firstly, Iron III nitrate nonahydrate was dehydrated at 120 ◦C for 2 h, yielding the pristine material. Subsequently, this 
dehydrated substance underwent a controlled heat treatment at 350 ◦C, resulting in the production of α-Fe2O3 powders. To achieve the 
desired fine powder form, the resulting agglomerates were delicately ground using a mortar and pestle, ultimately yielding the desired 
α-Fe2O3 powder. 

2.2.2. Synthesis of α-Fe2O3–TiO2 (TFT) from synthesized α-Fe2O3 and titanium precursor 
Ultrasonic-assisted sol-gel method [20] with some modification was used. The procedure involved the dispersion of 0.2 g 

(equivalent to 1.25 mill moles) of α-Fe2O3 (synthesized in 2.2.1) in 25 mL of isopropanol through 15 min of sonication. Subsequently, 
this suspended solution underwent mechanical stirring, while TTIP, dissolved in 15 mL of isopropanol, was added dropwise. Following 
an hour of stirring, a specified amount of water was introduced, and stirring continued for an additional 2 h to ensure complete 
hydrolysis of TTIP. To further optimize the reaction, the mixture was subjected to 30 min of sonication in an ultrasonic cleaner. The 
isopropanol solvent was then removed by evaporation under reduced pressure at 50 ◦C using a rotary evaporator, leaving behind a 
precipitate, which was subsequently dried at 80 ◦C for 12 h and finally subjected to calcination at 350 ◦C for 2 h. 

2.2.3. Synthesis of α-Fe2O3–TiO2 (TFC) from Fe (NO3)3 .9H2O and commercial TiO2 
According to Ref. [21] methods, an initial solution was prepared by dissolving iron(III) nitrate nonahydrate (Fe(NO3)3⋅9H2O) in 

ethanol, resulting in a solution with a concentration of 0.6 M iron nitrate. To this solution, titanium dioxide (TiO2) powder was added 
while applying magnetic stirring, with the beaker covered to prevent ethanol evaporation. The solution was first stirred for 30 min, and 
then subjected to sonication at 35 kHz for 15 min, followed by 15 min at 130 kHz. After removing the covering film, the ethanol was 
evaporated overnight on a hot plate at 50 ◦C. The dried sample was then calcined at 300 ◦C for 10 min, crushed into a powder, and 
further heated for 6 h at 300 ◦C in a furnace. 

2.2.4. Characterization of photocatalysts 
The surface morphology of the photocatalysts was measured by the Scanning electron microscopy (SEM: Zeiss, Ultra55). The 

chemical composition was investigated by Fourier transform-infrared Spectroscopy (FTIR: PerkinElmer, Frontier), the samples 
analyzed in ATR mode (4000-650cm-1). The structure of the photocatalysts was determined using X-ray Diffraction (Model: Smartlab 
X-Ray Diffractometer, Tool capability: PXRD, HRXRD, XRR). Energy-dispersive X-ray analysis, EDX, was also used for the chemical 
analysis. The optical characteristics were examined utilizing a Shimadzu UV-3600 UV–visible spectrophotometer. To ensure accuracy, 
baseline correction was conducted employing a calibrated reference sample of barium sulfate. The determination of band gap (Eg) 
values for the photocatalysts was accomplished through the application of Equation (1) [22,23]. 

Eg =
1240

λ
(1)  

where: λ is the cut-off wavelength (nm) of the UV–vis absorption spectra. 

2.3. Degradation of reactive blue dye under visible light irradiation 

Photodegradation studies were conducted using three distinct concentrations of Reactive Navy Blue HER dye (1, 2, 3 ppm) and pH 
= 7. In individual 20 ml test tubes, 0.02 mg of Fe2O3–TiO2 was introduced, followed by the addition of the respective concentrations of 
the blue dye. Subsequently, the test tubes were positioned under direct sunlight irradiation. Samples were collected within a period of 
2 h and the concentration of the dye was determined using UV–visible spectroscopy at λ max = 600 nm to see the effect of the initial 
concentration of the dye and irradiation time. 

To observe the impact of pH variations, samples of a 1 ppm dye solution were prepared under different pH conditions— acidic at pH 
3, neutral at pH 7, and alkaline at pH 11. Subsequently, all samples were subjected to identical conditions for analysis. 

The photocatalyst degradation efficiency was evaluated as the removal percentage of Reactive blue dye, equation (2) 

Removal Efficiency (%)=
C0 − Ct

C0
× 100% (2)  

where: Co and Ct represent the initial and final concentrations of Reactive blue dye by (ppm) respectively. 

2.4. The effect of the pH 

The dye removal rate is significantly influenced by the pH of the test solution. In this investigation, 20 ml of a blue dye solution with 
a concentration of 1 mg/L was utilized. To manipulate the pH within the range of 3–11, precise amounts of HCl and NaOH 0.1 M 
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solutions were added. Subsequently, 0.004 g/L g of each photocatalyst was introduced separately into each container. The solutions 
were then exposed to a sun light irradiation for 60 min for half of them and 120 min for the remainder. Afterward, the specimens were 
separated and filtered, and the absorbance of each solution was measured using a spectrophotometer. This absorbance data was then 
compared with the initial absorption levels before undergoing the photocatalytic process. 

2.5. Photocatalyst reusability and stability 

The evaluation of nanophotocatalyst performance in extensive applications and the economic efficiency of the photo degradation 
process rely on key factors like robust stability and a simple recovery process. This specific investigation focuses on the Fe2O3–TiO2 
nanophotocatalyst, with a notable feature being the absence of any chemical treatment for removing pollutants from its surface. 
Instead, the methodology involves allowing the solution to settle for several hours, followed by water separation and concluding with a 
drying process at 60 ◦C, as reported by Ref. [24] methods. 

3. Results and discussion 

3.1. Photocatalysts characterization 

3.1.1. XRD analysis 
The X-ray diffraction (XRD) analysis results are shown in Fig. 1. A total of eleven well-defined peaks, all of which can be attributed 

to the α-Fe2O3 phase, commonly known as hematite were observed. The prominent peaks were detected at angles of 24.9, 33.27, 35.39, 
41.103, 48.2, 53.9, 57.4, 62.2, 63.8, 71.82, and 75.9◦, corresponding to the respective diffraction planes (012), (104), (110), (113), 
(024), (116), (122), (214), (300), (1010), and (220) of hematite [25,26]. Furthermore, the presence of two additional peaks at 25.1 and 
48.2◦, corresponding to the diffraction planes (101) and (200), indicated the presence of the TiO2 anatase phase within the sample [20, 
27]. 

The average crystallite size of the photocatalysts was determined using the Debye–Scherrer equation as reported in Table 2. In this 
equation, d represents the crystallite size, λ stands for the wavelength of the incident X-ray, β is the full width at half maximum 
(FWHM) of the diffraction formula, K is the Scherrer constant (a typical value is 0.94), and θ represents the scattering angle. 

The Debye–Scherrer equation is given by: 

d=
Kλ

β cos θ  

3.1.2. FTIR analysis 
The FTIR spectra of the synthesized TiO2–Fe2O3 photocatalysts from the commercial and synthesized TiO2 and the Fe2O3, between 

400 and 4000 cm− 1 is shown in Fig. 2. The spectra exhibited distinctive peak patterns at 1074 cm− 1, 1630 cm− 1, and 3439 cm− 1, which 
are indicative of the presence of TiO2–Fe2O3 in the material. The broader peaks observed at 3439 cm− 1 and 1620 cm− 1 are attributed 
to –OH stretching and bending vibrations and are likely to play a significant role in phase formation and stabilization across all 
nanocomposites. The peak at 1074 cm− 1 can be attributed to C–O stretching vibration, while the strong band below 700 cm− 1 is 
associated with the Fe–O stretching mode. Specifically, the Fe–O stretching mode is observed at 556 cm− 1 and 471 cm− 1 in pure Fe2O3 
and in commercial TiO2 doped with Fe2O3 [28,29], but in the TiO2–Fe2O3 nanocomposite synthesized from precursor materials, it 
appears as a single stretching peak. Furthermore, a broad band in the 500-600 cm− 1 range is linked to the vibration of the Ti–O bonds 
[30]. 

3.1.3. SEM analysis 
The surface morphology of iron oxide analyzed using SEM is depicted in Fig. 3 The SEM images reveal an agglomerated shape 

Fig. 1. XRD curves of α-Fe2O3 nanopowder, TiO2 photocalyst, doping TFT and TFC photocatalysts.  
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Table 2 
Crystals size of the photocatalysts.  

Photocatalyst type TiO2 Fe2O3 TFC TFT 

Crystal size 14.83 22.54 38.2 32.3  

Fig. 2. FTIR curves of α-Fe2O3 nanopowder, TiO2 photocatalyst, doping TFT and TFC photocatalysts.  

Fig. 3. (a) SEM images 100.00 K X magnification and (b, c, and d) EDX images of synthesis Fe2O3 nonoparticles  
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morphology, indicating that the nanoparticles exhibit a tendency to cluster and form larger assemblies due to their elevated surface 
energies [10]. The EDX analysis confirms the precise composition of the iron oxide, with 67.92 % iron content and 32.8 % oxygen 
content, highlighting the successful preparation of the material. 

Fig. 4 displays SEM images of the photocatalyst synthesized from the combination of Fe2O3 and a titanium precursor. The images 
reveal a somewhat porous and agglomerated morphology in the sample, suggesting potential advantages for property enhancement. 
Notably, both large and small particles of nearly equal sizes were observed in the images [28]. The confirmation of elemental 
composition in the composites was carried out through EDX measurements, providing a comprehensive understanding of the syn
thesized photocatalyst’s constituent elements. 

Surface morphology analysis was conducted on commercially available TiO2 nanoparticles doped with synthesized iron oxide. The 
SEM images in Fig. 5 of the Fe2O3-doped TiO2, revealing a distinctive spherical shape morphology on the nanoparticle surface. At a 
magnification of 100,000 times, a denser distribution of spherical shapes with minimal empty spaces is evident, Furthermore, Fig. 5 
illustrates the occurrence of agglomeration of these spherical shapes, forming clusters within the samples [31]. 

The findings indicate that the particle size of the photocatalyst synthesized from the Titanium precursor is smaller compared to that 
of commercially available Titanium, as depicted in Figs. 4 and 5. The results suggest that an escalation in calcination time leads to 
heightened material crystallinity. However, it is noteworthy that elevating the calcination time might concurrently result in an in
crease in crystal grain size. 

3.1.4. UV-DRS analysis 
Fig. 6 illustrates the UV–visible diffuse reflectance spectra (DRS) for α-Fe2O3, TiO2, and the two synthesized α-Fe2O3–TiO2 powders. 

The pristine α-Fe2O3 powder displays broad absorption across the entire UV–visible spectrum, displays photo-absorption about 527 
nm, corresponding to band-gap energy of 2.35 eV. In contrast, TiO2/Fe2O3 photocatalysts exhibit extensive optical absorption in both 
the UV and visible ranges, displays photo-absorption about 438.8 nm, corresponding to band-gap energy of 2.83 eV. While pristine 
TiO2 powder only demonstrates limited absorption in the UV range. TiO2 specifically displays photo-absorption in the UV-light region 
below 400 nm, corresponding to band-gap energy of 3.76 eV. Notably, the optical absorptions of the α-Fe2O3/TiO2 composites exhibit a 
noticeable red-shift in the visible light region compared to TiO2, attributed to the presence of α-Fe2O3 in the composite powders. This 
observation suggests that α-Fe2O3/TiO2 composites could serve as effective photocatalysts for utilizing sunlight as an energy source for 
contaminant reduction [19]. 

Fig. 4. (a) SEM images 100.00 K X magnification and (b, c, and d) EDX images of α-Fe2O3–TiO2 (TFT) from Synthesis Fe2O3 and titanium precursor.  
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Fig. 5. (a) SEM images 100.00 K X magnification and (b, c, and d) EDX images of α-Fe2O3–TiO2 (TFC) from Fe (NO3)3 9H2O and commercial TiO2.  

Fig. 6. UV DRS curves of α-Fe2O3 nanopowder, TiO2 photocatalyst, doping TFT and TFC photocatalysts.  

Z.A. Suliman et al.                                                                                                                                                                                                    



Heliyon 10 (2024) e29648

8

3.2. Degradation of reactive blue dye under visible light irradiation 

3.2.1. Degradation mechanism 
When the blue dye solution is exposed to the sun light, photon energy (hv) higher than the bandgap is absorbed by the materials 

(typically with the ultraviolet illumination). Excited electrons move to the conduction band. Holes are the positively charge carriers 
that remain in the valence band after it has been filled as shown in Eq. (1).a &1.b [32]. 

TiO2 + hv → h+ + e− (2.83 eV) …. Eq1.a  

Fe2O3 − TiO2 + hv → h+ + e− (3.76 eV) …. Eq1.b 

The division of photogenerated electrons and holes is displayed in the following phase (Eq (2)) [33]. 

e− +O2 → O2
⦁− ….Eq2 

The optimum end products of a photocatalytic reaction, like those of other AOPs, are CO2 and water. Electron acceptors use the 
electrons in the conduction band as countercharge carriers, while hydroxyl groups or organic compounds consume the holes. Given 
that it results in the creation of additional reactive oxygen species, dissolved oxygen (DO) serves as a primary electron acceptor. Its 
presence is essential to maintain the electron-hole separation and to facilitate photocatalysis as DO reacts with electrons. As illustrated 
in Eq. 3–9 [32]. 

O2
⦁ − +H+ →OOH⦁….Eq3  

2OOH⦁ → O2 + H2O2….Eq4  

OOH⦁ +O2
⦁ − +H+ → O2 + H2….Eq5  

e− +OOH⦁+H+ →H2O2….Eq6  

H2O2 +O2
⦁ − → OH− +OH+ + O2….Eq7  

e− +H2O2 → OH − + OH+….Eq8  

C40H23Cl2N15Na6O19S6 +( e− , h+,OOH⦁,OH⦁, or O2
⦁ − )→ CO2 +H2O + simple degradation products….Eq9  

3.2.2. The effect of initial concentration of the dye with the time of irradiation 
The evaluation of the photocatalytic organic degradation of the blue dye using several concentration of the dye (1, 2 and 3 ppm) on 

different irradiation time was conducted and the results are illustrated in Table S1(supplementary materials), Fig (7)–(9) The doped 
TiO2 exhibited superior removal efficiency in eliminating the blue dye compared to pure TiO2, achieving a 100 % removal percentage 
after 2 h of sun light irradiation for both photocatlysts. 

3.2.3. The effect of pH 
The resulting removal percentages were plotted as a function of pH in the 3–11 range, as illustrated in Fig.(10)–(12), and Table S2 

(supplementary materials). 
The degradation of Reactive Blue 171 dye was found to be more effective in acidic and neutral pH ranges when utilizing bare TiO2 

or codoped photocatalysts (TiO2–Fe2O3). This observation can be attributed to the point of zero net charge (PZC) of the photocatalysts, 

Fig. 7. Removal efficiency % of blue dye using TiO2 photocatalyst: Concentration of dye Vs. Time. (For interpretation of the references to color in 
this figure legend, the reader is referred to the Web version of this article.) 
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which is at pH 6.8. In an acidic solution (pH < 6.8), the photocatalysts carry a positive charge, while Reactive Blue 171 exhibits a 
negative charge due to the sulfonic group present. This favorable electrostatic interaction promotes the adsorption of the anionic 
Reactive Blue 171 dye onto the surface of the photocatalyst. 

In this scenario, the positively charged the photocatalysts actively attract and adsorb more dye molecules onto its active sites, 

Fig. 8. Removal efficiency % of blue dye using α-Fe2O3–TiO2 (TFC) photocatalyst: Concentration of dye Vs. Time. (For interpretation of the ref
erences to color in this figure legend, the reader is referred to the Web version of this article.) 

Fig. 9. Removal efficiency %/hr of blue dye using α-Fe2O3–TiO2 (TFT) photocatalyst: Concentration of dye Vs. Time. (For interpretation of the 
references to color in this figure legend, the reader is referred to the Web version of this article.) 

Fig. 10. Removal Efficiency % of TiO2 Vs. pH within 1 and 2 h irradiation time.  
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Fig. 11. Removal Efficiency % of TFC Vs. pH within 1 and 2 h irradiation time.  

Fig. 12. Removal Efficiency % of TFT Vs. pH within 1 and 2 h irradiation time.  

Fig. 13. The obtained results from the evaluation of the stability and activity of 1 ppm initial dye concentration in TiO2, TFC, and TFT in 20 ml 
solution up to 4 consecutive cycles. 
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leading to an enhancement in the degradation efficiency of Reactive Blue 171. Previous literature has also linked photocatalytic ac
tivity with the adsorption of dye molecules onto the surface of photocatalysts, as reported by Refs. [3,24,34,35]. 

At elevated pH levels, photocatalysts assume a negative charge as the pH surpasses the point of zero net charge (PZC). The repulsion 
between the negatively charged photocatalysts and the similarly negatively charged dye molecules impedes the adhesion of dye 
molecules to the catalyst surface. Consequently, the photodegradation process becomes more challenging, as the degradation facili
tated by electron-hole pairs (hv B+) and conduction-band electrons (e CB

− ) is obstructed. The hydroxyl radicals generated by the pho
tocatalysts play a crucial role in degrading dye molecules. However, in alkaline conditions, the presence of OH− interrupts the 
photodegradation process. This interruption occurs because OH− induces the formation of intramolecular hydrogen bonds in electron- 
donating groups, such as − NH2 located in the α-position of the carbonyl group of Reactive Blue 171. This leads to increased chemical 
stability of the dye, making it more resistant to attack by hydroxyl radicals. Consequently, a decrease in photocatalytic activity is 
observed in alkaline solutions due to these hindrances in the degradation process. This effect has been previously documented, as 
reported by Ref. [3]. 

3.2.4. The stability & Reusability of nanophotocatalysis 
The findings of the study, presented in Fig. 11, provide insights into the stability and activity of the photocatalyst over four 

consecutive cycles. This emphasizes the practical importance of understanding how well the catalyst maintains stability and efficacy 
across multiple usage instances, offering valuable insights into its suitability for large-scale applications with economic and envi
ronmental considerations. Notably, the results in Fig. 13 indicate that after the fourth cycle, the reactive blue dye removal efficiency 
has only decreased by about 13.06 % for bare TiO2 and 11.1 % for Fe2O3–TiO2 (TFC), and 9.7 % for Fe2O3–TiO2 (TFT) a confirming the 
significant activity and high stability of the Fe2O3–TiO2 nanocomposite. 

3.2.5. Comparison of bare and doped TiO2 nanophotocatalysts with other nanophotocatalysts 
The TiO2 nanophotocatalyst stands out as a unique semiconductor with excellent photodegradation activity. While TiO2 typically 

requires a UV source or doping with metal or metal oxide to effectively absorb sunlight irradiation as reported by Ref. [36], even a 
concentration of 0.02 g/L of TiO2 demonstrates significant efficiency, removing 96.26 % of a 1 mg/L dye solution under sunlight 
irradiation. Moreover, the introduction of Fe2O3 through doping enhances its performance, achieving 100 % removal efficiency after 
120 min of sunlight irradiation. Table .3 compiles findings from various studies exploring nanoparticle applications for organic dye 
removal in wastewater. Notably, codoped TiO2 emerges as the most promising option, offering the highest removal efficiency. Its 
ability to operate under sunlight irradiation is a key advantage, contributing to cost reduction and utilizing clean energy sources. 

4. Conclusion 

In this study α-Fe2O3 and α-Fe2O3–TiO2 from commercial TiO2 and from syntheses TiO2 were synthesis successfully as the char
acterization result proved. The hematite iron oxide nanoparticles, synthesized through the Sol-Gel method, were identified as such 
through X-ray diffraction (XRD) analysis. Scanning electron microscopy (SEM) revealed flowered structures, confirming the presence 
of iron oxide. Further confirmation of iron oxide and identification of functional groups were established through Fourier-transform 
infrared spectroscopy (FTIR). Additionally, the optical properties of the nanoparticles were investigated using UV diffuse reflectance 
spectroscopy (UV DRS). Metal doping enhances the optical properties of TiO2 thus enabling utilization of solar light for photocatalysis 
as it appear in the UV DRS curves. There were no significant changes in the characteristics of the photcatlysts preparing by the 
commercial TiO2 than the synthesis TiO2 in the FTIR and the XRD results, and they absorbed in the same wavelength in the UV DRS. 
While their morphology was little bit different as the SEM images showed, the photcatalytic synthesis from the titanium precursor had 
a smaller grains size and it tended to agglomerate and make clusters more than the one created from the commercial TiO2, and also the 
percentage of titanium in the α-Fe2O3–TiO2 photocatalysts from TiO2 precursor more than the titanium in the α-Fe2O3–TiO2 

Table 3 
Comparison of various nanophotocatalysts for the removal of organic dyes considering the source of light and experimental conditions.  

Nanophotocatalytic type Photocatalytic 
Dosage (g L− 1) 

t 
(min) 

Pollutant Source of light Removal/efficiency (%) Ref. 

Anatase Nano-TiO2 1 40 Reactive Blue 4 125 W UV lamp/ 
sun light 

100 [3] 

N–Cu, N–Fe and N codoped TiO2 and 
Bare TiO2 

0.06 5 RB 4 dye 100 W halogen 
lamp 

100, 84, 80 and 75 [37] 

TiO2 1 120 Procion Navy H-EXL 
(PN) 

UV-LED 100 [38] 

CoAl2O4 0.25 150 navy blue UVA lamps 
75Watts 

42–67 [39] 

ZnO 0.01–0.06 20 reactive blue 203 8W UV lamp 99.1 [2] 
TiO2, Fe2O3 and TiO2–Fe2O3 60 60 Titan Yellow and Methyl 

Orange 
UV lamp 92.98, 71.67 and 62.89 

% for TY 
[28] 

Cu2SnS3 + GO 0.4 240 Navy Blue ME2RL 300 W xenon lamp 88 [40] 
Bare TiO2 and TiO2–Fe2O3 0.004 120 Navy Blue 171 Sun light 96.26 and 100 This 

work  
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photocatalysts from commercial TiO2 confirmed by the EDX, The two photocatalysts exhibited impressive efficiency, achieving a 
complete elimination of the blue dye after 2 h of exposure to sunlight across different concentrations. Notably, these photocatalysts 
outperformed in both neutral (96.26 %, 100 %, and 100 %) and acidic (94 %, 100 %, and 100 %) solutions compared to basic con
ditions (30 %, 36.3 %, and 37 %) for TiO2, commercially doped TiO2, and synthesized doped TiO2. Even after four cycles, the 
reduction in dye removal efficiency was less than 15 % for all photocatalysts, confirming the substantial activity and enduring stability 
of the nanocomposite. 
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