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Abstract. This research investigates the removal of diclofenac (DCF) from water 

through photocatalysis by using titanium dioxide (TiO₂) and activated carbon 

made from Dillenia indica (DI) fruit peels. The researchers created activated 

carbon through chemical activation before they combined it with TiO₂ to boost its 

photocatalytic capabilities. Scientists used ultraviolet-visible (UV-Vis) 

spectroscopy to determine the photocatalytic performance of the samples. The 

study investigated how different operational factors including catalyst dosage 

between 0.4 to 1.6 g/L and starting pollutant levels from 50 to 200 mg/L affected 

the degradation process. The experimental findings showed that DCF removal 

occurred at high rates while the Langmuir–Hinshelwood model provided kinetic 

information through its combination of adsorption and surface reaction processes. 

The analysis showed that surface saturation probably caused the apparent rate 

constants (Kapp) to drop when initial DCF concentrations got higher. The kinetic 

data showed strong linearity with R² values between 0.9270 and 0.9659 which 

proves the reaction follows first-order kinetics. The research demonstrates that 

the Langmuir–Hinshelwood model provides an exact description of the 

degradation process which enables scientists to enhance photocatalytic systems 

for water pharmaceutical removal. 

1.  Introduction 

Pharmaceutical pollution exists when pharmaceutical substances together with their metabolic 

waste products reach natural environmental systems. The pollution generates severe dangers 

which endanger both environmental systems and human health (Kayode-Afolayan et al., 2022). 

Among pharmaceutical contaminants, non-steroidal anti-inflammatory drugs (NSAIDs) such as 
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ibuprofen, ketoprofen, naproxen, and diclofenac (DCF) are a major concern in aquatic systems. 

The primary characteristics of these substances include their water-attracting properties and 

their chemical resistance which causes them to persist in wastewater discharge (Lin et al., 

2023).The primary characteristics of these substances include their water-attracting properties 

and their chemical resistance which causes them to persist in wastewater discharge (Lin et al., 

2023). 

Research studies have demonstrated that pharmaceutical compounds at minimal 

concentrations create harmful effects on aquatic species by disrupting their natural conduct and 

breeding patterns and bodily operations. The environment faces a major public health crisis 

because antibiotics spread through the environment lead to the development of resistant bacteria 

which threaten human health (Samreen et al., 2021). The established treatment methods which 

include ozonation and hydrogen peroxide oxidation and Fenton processes fail to achieve total 

elimination of these contaminants. 

Heterogeneous photocatalysis with TiO₂ has become a leading method for treating 

wastewater. The scientific community prefers TiO₂ because it provides an affordable solution 

through its chemical stability and non-toxic properties and powerful photocatalytic capabilities 

(Teixeira et al. 2016). The powder form of TiO₂ creates problems because its particles tend to stick 

together while making it hard to remove from treated water (Shahid et al. 2015). Scientists have 

been studying TiO₂ immobilization on high-surface-area supports because this method boosts 

photocatalytic efficiency and minimizes material waste and operational expenses (Hanafiah et al. 
2022). The photocatalytic degradation of propranolol and mebeverine and carbamazepine with 

TiO₂ nanostructures under UV and UV-visible light shows this method can remove pharmaceutical 

pollutants from wastewater effectively. 

Activated carbon serves as a highly effective support material for TiO₂ but its production from 

standard raw materials requires expensive manufacturing processes. The research study 

investigates activated carbon production from Dillenia indica (DI) fruit peels to develop a cost-

efficient support system for TiO₂. The research team works to produce a photocatalyst system 

which should clean DCF from water sources while reducing the entire treatment expenses. The 

study examines the photocatalytic properties and reaction rates and fundamental processes to 

understand how sustainable composite materials function in removing pharmaceutical 

contaminants from water sources. 

2.  Material and method 

2.1 Preparation of activated carbon from Dillenia indica (DI) 

Freshly harvested peels of DI fruits were initially rinsed thoroughly with tap water to remove 

surface impurities. The cleaned peels were then subjected to sun-drying for five days to eliminate 

excess moisture, followed by oven-drying at 110°C to ensure complete removal of residual water 

molecules (Anisuzzaman et al., 2015). Once fully dried, the peels were cut into smaller fragments 

to increase surface area, which enhances adsorption efficiency in the final activated carbon 

product (Aljeboree et al., 2017). Chemical activation was carried out using phosphoric acid 

(H₃PO₄) at an impregnation ratio of 2 to 1 (weight of H₃PO₄ relative to the dry biomass). The 

samples were immersed in the acid for 24 hours to allow thorough penetration and coating. 

Subsequently, the impregnated material was placed in a petri dish and oven-dried at 110°C for 2 

hours. Final activation was conducted in a tube furnace at 500°C for 2 hours, yielding the activated 

carbon (Adebisi et al., 2017). The activated carbon that has been cooled down to room 

temperature was washed with distilled water to remove the trace of acid. The washing process 
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was done repeatedly to remove the acid inside the compound thoroughly. The pH of the activated 

carbon was monitored to ensure it reaches pH 6 to 7. The aid of another chemical, which are 0.1 

M of sodium hydroxide (NaOH) and hydrochloric acid (HCl), were applied. When reaching 

constant natural pH, the DI activated carbon was dried in the oven at 105°C overnight, and DI 

activated carbon are ready to be used.  

2.2 Preparation of catalyst 

The deposition of TiO₂ onto activated carbon derived from DI was performed using a thermal 
impregnation method followed by high-temperature treatment (El-Sheikh et al., 2004). A slurry 

of 20 g TiO2 was heated and stirred with 300 mL of distilled water at a temperature of 70°C. AC 

was added with a ratio of TiO2 being 1:2 respectively. The mixture was then maintained under 

continuous stirring at 70°C for 120 min. Initially, the activated carbon (black) and TiO₂ (white) 

were distinctly visible, but the mixture gradually transformed into a gray color. From this 

observation, in can be inferred that an interaction between AC and TiO2 had developed. The 

mixture was settled for 15 min and then the supernatant was decanted, and the precipitate was 

dried in the oven at a temperature of 200°C for 12 hrs. The catalyst was named as TiO2/AC. 

 2.3 Diclofenac (DCF) solution preparation 

The adsorbates solution were prepared in a large amount before running the experiments. The 

stock solutions of 1 000 mg/L were prepared for each of the adsorbates. In preparing the stock 

solution, denatured ethanol, C2H5OH, was needed as a solubilizing agent. DCF is less soluble in 

water. Thus, a solvent is further required to solubilize the prepared solution.  0.1 g of adsorbates 

powder was weighed using the analytical balance and being dissolved in 1 L of volumetric flask 

containing aqueous mixtures of distilled water and ethanol.  

2.4 Reactor set-up 
The reactor setup for photocatalysis, which employs a UV lamp with a wavelength of 254 nm and 

a power intensity of 200 mW/cm² (Sankyo Denki Co. Ltd.), typically involves a carefully designed 

system to harness ultraviolet light energy for the activation of photocatalytic materials. The key 

components of such a setup include a reaction chamber, a UV light source, and a photocatalyst-

coated substrate. The reaction chamber is often made of transparent materials to allow efficient 

transmission of UV light and may be equipped with appropriate inlets and outlets for the 

introduction of reactants and removal of products. 

2.5 Experimental procedure in photocatalytic batch reactor 

A photocatalytic batch reactor was utilized to evaluate the photocatalytic degradation 

performance of DCF. The photocatalytic degradation of DCF was carried out in a batch reactor. 

The reaction occurs at atmospheric pressure at a temperature of 30°C. DCF solution with a 

concentration of 50 mg/L was prepared by diluting the stock solution (1 000 mg/L). A total 

volume of DCF solution and a calculated amount of photocatalyst were charged into the batch 

reactor. The amount of catalyst loading used in this experiment was 0.4, 0.8, 1.2 and 1.6 g/L. The 

contents were then stirred by using magnetic stirrer. Accordingly, the ultra-violet (UV) lamp was 

turned on to initiate the photocatalytic reaction. Samples were withdrawn (5 mL) through the 

sampling ports using pipette at 1-hour intervals for the next 8 hours. Then, to assess the 

adsorption process without UV lamp samples were withdrawn (5 mL) through the sampling ports 

using pipette at 1-hour intervals for the next 8 hours. TiO2/AC were used as catalysts. These 

samples were immediately stored in 5 mL screw cap amber glass before being subjected to 

analysis. The analysis was done with ultraviolet-visible (UV-Vis) spectroscopy. 
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3.  Results and discussions 

3.1 Effect of catalyst loading 

Figure 1 shows the effect of catalyst loading on the photocatalytic degradation of DCF with an 

initial concentration of 50 mg/ L over a period of 480 min. The study compares four different 

catalyst loadings, namely 0.4, 0.8, 1.2, and 1.6 g/L. Among the various catalyst loadings studied, 

0.8 g/L (98%) emerges as the optimal choice. This loading exhibits a significantly better 

degradation efficiency compared to the lower loading of 0.4 g/L (82%), as evidenced by the lower 
final pollutant concentration. Although increasing the catalyst loading to 1.2 g/L (93%) and 1.6 g/ 

L (99%) does result in slightly higher degradation efficiencies, the improvements are marginal 

and come with diminishing returns. These higher loadings may introduce issues such as light 

scattering and agglomeration of catalyst particles, which reduce the effective surface area 

available for the photocatalytic reaction (Jallouli et al., 2018). Therefore, 0.8 g/L strikes the best 

balance between efficiency and practical application, making it the most effective catalyst loading 

for the photocatalytic degradation process. In order to demonstrate the normalized concentration 

of DCF for the experiments, the adsorption (under dark) process was conducted. The result 

showed only 4% DCF was found to be degraded in the presence of TiO2/AC (figure not shown). 

The results obtained clearly indicated that the UV light played important role in the photocatalysis 

process. 

 

 

Figure 1. Degradation of DCF at different initial catalyst loading. 

3.2 Effect of initial concentration 

The graph in figure 2 illustrates the percentage degradation of different initial concentrations of 

50, 100, 150, and 200 mg/L with dosage of 0.8 g over time. For the 50 mg/L initial concentration, 

the degradation is the most rapid, achieving nearly 100% degradation within the first 180 min 

and maintaining this level up to 480 min. The 100 mg/L concentration shows a steady increase in 

degradation, reaching approximately 90% by 480 min. The 150 mg/L concentration also 
demonstrates a gradual increase, achieving around 80% degradation by the end of the 480-minute 

period. Lastly, the 200 mg/L concentration, while showing the slowest initial rate of degradation, 

catches up significantly, reaching close to 90% by 480 min. These trends indicate that while lower 

initial concentrations degrade faster, higher initial concentrations eventually achieve comparable 
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levels of degradation, albeit over a longer time span. According tu Ruziwa et al., 2023, with 

increasing pharmaceutical concentration, a larger fraction of the photocatalyst surface becomes 

occupied by adsorbed molecules, thereby diminishing the number of accessible active sites and 

restricting light absorption essential for effective degradation. 

 

 

Figure 2. Degradation of DCF at different initial DCF concentration. 

3.3 Kinetic study of photocatalytic diclofenac (DCF) degradation 

The kinetic order and apparent rate constant of the disappearance of DCF was determined. 

Degradation kinetic studies for different concentrations from from 50 to 200 mg/L are shown in 

figure 3. The x-axis displays time in minutes, and the y-axis displays the natural logarithm of the 

ratio of the concentration (C) at time, t, to the initial concentration (Co), indicated as ln (C/Co). 

The data for each concentration was fitted with a linear regression line, confirming the first-order 

kinetic behaviour, as a straight line is obtained for each concentration. The rate constants 

decrease slightly with increasing initial concentration, a possible saturation effect or changes in 

reaction dynamics at higher concentrations. The values of Kapp are summarized in table 1. From 

table 1, the apparent rate constant for TiO2/AC decreases with the increasing of initial 

concentration. The high R² values (close to 1) indicate a good fit for the linear model, confirming 

the consistent first-order kinetic behaviour across different concentrations. A study on 

tetracycline was conducted by Karcıoğlu et al. (2025), using MXene/ZnO as integrated 

photocatalytic adsorbents. Their findings indicated that the first-order kinetic models provided 

the best fit. This investigation provides important insights into the reaction mechanism, enabling 

improved optimization for applied systems. 
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Figure 3.  Relationship of ln(C/C₀) with irradiation duration indicating first-order behavior. 

Table 1. Kapp obtained at different initial DCF concentrations. 

Concentration (mg/L) Kapp (min-1) R2 

50 0.0054 0.9270 

100 0.0034 0.9340 

150 0.0023 0.9381 

200 0.0017 0.9659 

4.  Conclusion  

Kinetic analysis showed DCF degradation follows first-order kinetics because ln (C/C₀) shows a 

direct linear relationship with irradiation time. The rate constants showed a small decline at 

higher starting concentrations which indicates potential saturation or changing reaction 

mechanisms yet the R² values stayed high to prove the model's accuracy. The degradation process 

showed strong sensitivity to catalyst dosage and initial DCF concentration because the right 

amount of catalyst prevents TiO₂ particles from clumping which preserves their active sites. The 

process started to remove lower concentrations of pollutants at a faster rate, but longer exposure 

times produced similar results for higher concentrations. The study shows that AC/TiO₂ 

composites function as effective photocatalytic materials for removing pharmaceutical 

contaminants from water sources. 
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