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Abstract

Contamination of surface and groundwater by chemicals and wastewater poses
a serious threat to human health and ecosystems. Synthetic dyes are persistent
pollutants with complex structures. Eosin Y, commonly used for tissue staining,
is often discharged into wastewater without treatment, posing risks to both
human health and the environment. In recent years, the use of photocatalysts has
attracted significant attention due to their effective performance and
environmental compatibility. Graphitic carbon nitride is a non-metallic
photocatalyst known for properties such as high chemical stability, low toxicity,
easy availability, and the ability to operate under visible light. However, this
material has drawbacks, including rapid electron-hole recombination, a high
weight-to-performance ratio, and low visible-light absorption. To enhance its
performance, titanium dioxide waste from the Claus process in gas refineries has
been employed. In this study, the effects of various factors such as pH, the
titanium dioxide to graphitic carbon nitride ratio, photocatalyst dosage, and dye
solution temperature on the dye removal efficiency were investigated. For each
factor, 30 mg of the synthesized photocatalyst was tested in 100 mL of Eosin Y
solution under irradiation from a 200 W visible-light lamp. FESEM images also
confirmed the presence of titanium dioxide nanoparticles on the graphitic carbon
nitride sheets. Functional groups of the materials were identified using FTIR
analysis. DRS analysis showed that the g-CsN4/TiO, nanocomposite has a
reduced bandgap. The presence of C, N, O, and Ti elements in the photocatalyst
was confirmed by EDAX analysis. Under optimal conditions and visible light,
the dye removal efficiency exceeded 97%. The photocatalyst with a 2:1 ratio of
g-C3N, to TiO, demonstrated significant stability, removing more than 90% of
Eosin Y after 8 consecutive cycles.
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1. Introduction deionized water and drying in a vacuum oven (Li
The increasing pollution of surface and etal., 2018). _
groundwater resources by industrial wastewater In order to characterize the photocatalyst
containing persistent organic pollutants is one of properties, Fourier transform infrared
the serious environmental challenges of the last ~ SPectroscopy’ analyses were used to identify
century (Cheng et al., 2019). functional groups, diffuse reflectance
In the meantime, synthetic dyes such as eosin ~ Spectroscopy” to determine the energy band, field
Y, which are widely used in textile, printing and emission scanning electron microscopy” to
pathology laboratories, are considered a serious examine the morphology, and energy dispersive
threat to human health and aquatic ecosystems X-ray spectroscopy’ for elemental analysis. The
due to their complex aromatic structure, high photocatalytic removal process of eosin Y dye
toxicity, —carcinogenicity and resistance to (with an initial concentration of 50 mg/L) was
biodegradation. Conventional treatment methods carried out in a batch reactor containing 100 mL
such as adsorption, coagulation, and chemical of dye solution and a 200 W lamp (visible light).
oxidation usually do not lead to complete The effective parameters including TiO, to g-
mineralization of these pollutants and can CsN, ratio, photocatalyst dosage (10 to 50 mg/L),
themselves cause the production of secondary solution pH (3 to 9), and temperature (15 to 55°C)
pollutants (Cruz et al., 2018). Therefore, were optimized by one-factor-at-a-time method.
advanced oxidation processes’, especially =~ Also, the stability and reusability of the
heterogeneous photocatalysts with visible light photocatalyst were evaluated in 8 consecutive
activation capability, have attracted the attention cycles. The residual dye concentration was
of researchers (Milagros Ballari et al., 2010). measured using a spectrophotometer at a
Graphitic carbon nitride (g-CsN.) is a suitable wavelength of 555 nm.
candidate as a non-metallic semiconductor with
an energy band gap of about 2.7 eV, high 3. Results and Discussion
chemical stability, and low toxicity. However, the The results of FTIR analysis confirmed the
rapid electron-hole pair recombination and presence of characteristic peaks related to C-H
limited specific surface area reduce its efficiency bending bonds (at 797 cm™), O-Ti-O stretching
(Ong et al., 2017). Combining ¢g-CsN, with vibrations (at 810 cm™) and C-N bonds (at 1238,
titanium dioxide (TiO;), especially the recycled 1458 and 1639 cm™) in the nanocomposite.
type from industrial waste of Claus process in gas Comparison of the FTIR spectra of the sample
refinery, can improve the optical charge before and after 8 cycles of dye removal
separation and enhance the photocatalytic operation showed complete similarity, indicating
performance in the visible region by creating excellent chemical stability and no structural
energy band alignment (Agahalam et al., 2025). change of the photocatalyst during the process.
The aim of this study is to synthesize g- DRS analysis showed that the energy band for
C3N4/TiO, nanocomposite  from  recycled pure g-CsN, decreased by 2.7 eV, for pure TiO,
sources, investigate its characteristics and by 32 ev and for the g-C3N./TiO,
evaluate its performance in removing eosin Y dye nanocomposite by 2.8 eV. This reduction in
under visible light, as well as study its energy bandgap compared to pure TiO, indicates
recyclability and stability. successful interaction  between the two
semiconductors and increased light absorption in
2. Methodology the visible region, which improves photocatalytic
In this experimental study, graphitic carbon performance.
nitride (g-CsN,) was first synthesized by heating FESEM images clearly showed the sheet and
melamine precursor at 550°C for 4 hours in an layered structure of g-CsN,4, on which spherical
electric furnace (Li_ et al., 2018). TiO, TiO, nanoparticles were relatively uniformly
nanoparticles were also extracted from the dispersed, creating a porous surface with many
catalytic waste of the Claus process in a gas asperities, which helped to increase the active
refinery; after drying, the waste was washed with surface area and facilitate charge transfer. EDAX
1 M hydrochloric acid and finally calcined at analysis confirmed the presence of C (41.08%), N
550°C. Then, g-C3N,/TiO, nanocomposite with (18.44%), O (32.08%), and Ti (8.40%) elements
different weight ratios (1:1, 1:2 and 2:1) was
prepared by magnetic stirring for 9 hours in 2 Fourier Transform Infrared Spectroscopy (FTIR)
® Diffuse Reflectance Spectroscopy (DRS)
! Advanced Oxidation Processes (AOPs) * Field Emission Scanning Electron Microscopy (FESEM)
5 Energy Dispersive X-Ray Spectroscopy (EDAX)
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in the composite and showed a significant
increase in oxygen compared to the pure g-CsN,
sample that lacked Ti, which was due to the
presence of TiO,. In the process optimization
section, the results showed that the optimal ratio
of g-C5N, to TiO, was 2:1, in which the highest
removal percentage (88% in the initial conditions)
was achieved. The reason for this is the better
formation of heterogeneous bonds and reduced
electron-hole recombination. The optimal dose of
photocatalyst was determined to be 30 mg/L; at
lower doses there were not enough active centers
and at higher doses (40 and 50 mg) the efficiency
decreased due to increased turbidity and reduced
light penetration. The best removal efficiency
(more than 97%) was obtained at an acidic pH of
3, which is due to the positive surface charge of
the photocatalyst at this pH and the strong
electrostatic attraction of the eosin Y dye anions.
Increasing the temperature to 55 °C also
increased the degradation efficiency, which
indicates the endothermic nature of photocatalytic
reactions. Photolysis (in the absence of
photocatalyst) showed negligible dye removal
(<5%), and dark experiments indicated physical
adsorption of about 10-20% of dye onto the
catalyst surface. The most important achievement
was the extraordinary stability of the
nanocomposite; after 8 consecutive cycles of
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reuse, it was still able to remove more than 90%
of the eosin Y dye. Comparison with similar
studies showed that this photocatalyst has a
higher efficiency than many other photocatalysts
such as g-CsN./Sm, g¢-C3N,/BiOBr, and g¢-
C3N,4/ZrO; in a shorter time (120 min) and with a
higher number of recovery cycles (8 cycles).

4. Conclusion

This study clearly demonstrated that the reuse of
Claus process titanium dioxide waste to fabricate
g-C3N,/TiO, nanocomposite is a successful,
economical and green method for producing
efficient photocatalysts under visible light. The
synthesized nanocomposite with reduced energy
band gap, increased light absorption, high active
surface area and excellent chemical stability was
able to remove more than 97% of eosin Y dye in
120 min under optimal conditions (ratio 2:1,
dosage 30 mg/L, pH=3, temperature 55°C). Its
high recyclability (more than 90% after 8 cycles)
and preservation of chemical structure make this
photocatalyst a very suitable option for the
treatment of industrial wastewater containing
persistent color pollutants. This approach can
provide a model for the utilization of industrial
wastes in the synthesis of advanced water
treatment materials.
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