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Abstract: Metal nanoparticles and activated carbon-based nanocomposite materials are gaining popularity due to their 
numerous potential applications in a wide range of materials science areas. The current study aims to create novel 
photocatalyst frameworks for nanocomposites that were synthesized from biogenic waste and used to photodegrade 
methylene blue (MB) in wastewater under visible light. The activated carbon from date seeds was calcinated at a 
temperature of 700°C for two hours, and its surface was improved using zinc oxide nanoparticles and calcium oxide 
nanoparticles manufactured from eggshells at 900oC. XRD, FT-IR, SEM, BET, and TEM analyses were used to characterize 
the produced nanocomposites. The synthesized nanocomposite photocatalytic activity was evaluated by degrading MB 
dyes, its model of water pollution. The results showed that the nanocomposite CaO/AC/ZnO has a mesoporous structure 
with great sorption capability. Also, the photodegradation efficiency of MB using AC, CaO, AC/ZnO, and CaO/AC/ZnO 
nanocomposite was 33.23, 37.58, 54.61, and 88.92%, respectively, after100 min of sunlight irradiation indicating that 
photodegradation efficiency increases by improving the surface properties of AC. The CaO/AC/ZnO nanocomposite 
exhibited a 96.7% removal efficiency of MB following 120 min of visible light radiation exposure. Therefore, the CaO/AC/ZnO 
nanocomposite has a promising opportunity to function as a versatile and effective photocatalyst for photodegradation of 
organic dyes in wastewater. 
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1. INTRODUCTION 

Water pollution is a problem in many industrialized and developing nations because of the discharge of 

leftover organic compounds or dyes. The health of humans is seriously threatened by drinking water tainted with 

dyes; thus, it must be treated before consumption. Adsorption technology offers several advantages over other 
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technologies for treating wastewater, including simplicity of handling, speed and affordability [1]. 

        One popular cationic dye that may create a stable solution with water at room temperature is methylene blue 

(MB) [2]. MB which is frequently used to color cotton, silk, wool and paper, is one of the ingredients that the dye 

industry uses the most [3] . Blue methylene due to its severe toxicity, if the concentration increases to a certain 

level[4], it causes health risks to humans, such as blindness, stomach and intestinal disease[3]. In addition, it 

results in methemoglobinemia, diarrhea, cyanosis, gastritis, jaundice, shock, irritation of the skin and eyes, tissue 

necrosis and vomiting [5]. Furthermore, sewage treatment is a pressing topic because nearly all dyes are resistant 

to environmental factors and difficult to biodegrade.  The development of efficient and affordable materials to 

eliminate MB and other colors from wastewater and restore the ecosystem is therefore very crucial [2]    . MB dye 

has detrimental effects on water quality, hence treating wastewater containing it before releasing it into the 

environment is crucial [2]. To extract MB and other textile colors from industrial effluent, scientists have reported 

using a variety of techniques. Adsorption [6], biosorption [7], nanofiltration [8][9], vacuum membrane 

distillation[10], phytoremediation [11][12], ultrafiltration [13], biodegradation [14], electrocoagulation [15], 

coagulation [16], microwave treatment[17], and liquid-liquid extraction [18]. It is difficult to break down MB dye 

into smaller inorganic molecules using standard techniques because of its heat and light stability as well as non-

biodegradability [19]. Each of these treatment modalities has advantages and disadvantages in terms of cost and 

practicality, effectiveness, and environmental impact. [3][17].  

      Recently, advanced oxidation techniques have changed wastewater treatment methods. They break down 

both organic and inorganic contaminants to produce very reactive free radicals, or •OH. •OH-free radicals' potent 

oxidizing properties cause carbonaceous species to be converted into inorganic ions and CO2 gas[4]. •OH can 

be formed by oxidants like hydrogen peroxide and ozone. This can be finished using homogeneous or 

heterogeneous photocatalysts such as ZnO [20], or with energy resources like heat, ultrasounds, and ultraviolet 

light[21]. The heterogeneous photocatalytic method effectively breaks down toxic substances in the environment 

by producing excitons when exposed to light[22] [23]. 

       An adsorbent with the greatest potential is activated carbon (AC) and a big surface area, has high surface 

activity. The extremely porous structure contributes to its adsorption qualities, catalysts, and catalyst supporters 

are among the applications for various forms of AC[24]. In the literature, the most common substance used to 

extract contaminants from wastewater is activated carbon (AC). In order to produce sustainable nanohybrid 

composites from metallic oxide, efforts are being made to identify activated carbon alternatives [25]. Natural plant 

materials have been used to create nanohybrid composites in a novel way recently. These materials include 

leaves[26], ([27], gum [28], sprouts [29], and seeds[30] [31] [25] which are converted into biochar or activated 

carbon. Activated carbon may have its surface properties improved with a range of materials, Zinc oxide is among 

the most crucial elements for improving the surface of activated carbon [32]. In addition, CaO has a large surface 

area, low cost, easy synthesis, and a substantial capability for pollutant separation [33]. 

       One of the most significant and vital foods and crops in the Arab world is the data palm fruit (Phoenix 

dactylifera). Fruit seeds are rich in a variety of functional chemicals that are essential for nutrition, such as sugars, 

fatty acids, protein, fiber, ash, minerals and vitamins, in addition to significant concentrations of flavonoids and 

phenolic compounds [34].   There are a lot of palm trees in Saudi Arabia and plants of almost 23 million trees, the 

Kingdom produced 1.5 million tons  of palm date fruits in 2020, which accounts for 14.4% of the global production. 

[35]. Date seeds comprise 6.1-11.5% of the fruit and are one of the primary waste products and  constitutes an 

environmental problem in Saudi Arabia [36].  Eggshells are a natural waste that can be recycled to produce 

nanomaterials at a low cost is to produce calcium oxide (CaO) for use in environmental applications[37].  

         Using activated carbon for the green synthesis of metal oxide nanoparticles presents a viable substitute for 

conventional chemical synthesis techniques. In this study, created activated carbon nanocomposites using date 

palm seeds from the Najran region (Saudi Arabia), and zinc oxide nanoparticles and calcium oxide from eggshells. 

The produced materials were characterized using FTIR, XRD, and TEM, studying various physical and chemical 

properties. By employing the produced photocatalysts in various application settings, the photodegradation of 

methylene blue was examined under visible light radiation. 
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2. MATERIALS AND METHODS  

2.1 Reagents and Chemicals 

The reagents utilized in this experiment are all analytical grades. The following materials were acquired from 

Sigma-Aldrich (USA) and Merck (Germany): zinc nitrate, methylene blue, sodium hydroxide, ammonium 

hydroxide, and hydrochloric acid. The pH was adjusted using 1 molar of HCl and NaOH. Every solution was made 

using deionized water. 

2.2 The Composite Synthesis 

2.2.1 Preparation of Activated Carbon from Date Palm Seeds 

The date seeds were obtained from the date palms in Najran, Saudi Arabia. After picking the fruits, the seeds 

were carefully cleaned with deionized water and allowed to dry for two days. The seeds were subsequently 

removed and ground into powder after being carbonized for 120 minutes at 400 °C in the furnace. The powder 

was then added to the sodium hydroxide solution for activation [38]. The activated carbon was placed in a furnace 

set at 700 degrees Celsius for two hours. After the powdered activated carbon was allowed to cool fully at room 

temperature, it was repeatedly cleaned with deionized water until its pH reached 7 and it was neutralized [39].  

2.2.2 Synthesis of AC/ZnO Nanocomposite 

Two grams of activated carbon were added to a 250 ml beaker along with one gram of zinc nitrate that had 

been dissolved in 50 milliliters of deionized water. The mixture was then mechanically agitated for two hours at 

240 rpm. A few drops of NH4OH were gradually added after complete homogeneity until precipitation was seen. 

After being washed with deionized water and centrifuged again at 6,000 rpm, the precipitate was dried at 110 oC 

for 2 hours, and then calcined at 550oC for three hours. 

The Synthesis of CaO/AC/ZnO nanocomposite CaO nanoparticles was made using hen eggshells a natural 

waste. After collecting eggshells, the discarded were thoroughly washed in tap water to get rid of any dirt, 

pollutants, and organic materials that had attached to the surface. They were then cleaned once more with 

distilled water numerous times. The previously washed eggshells were then dried in a 150°C oven for three hours 

to remove the water. The dried eggshells were ground into a fine powder using a grinder machine [40]. To get 

the finest eggshell powder, the fine eggshell powder was put through a sieve with a mesh size of 100 µm. 2g of 

eggshell powder was added to water to deposit calcium oxide on the nanocomposite's surface. Eggshell powder 

is insoluble in water, and the resulting solution is heterogeneous. Then 1g of nanocomposite (AC/ZnO) was 

added, and the mixture was agitated using a magnetic stirrer for one hour. Then, it was heated to 900oC in the 

furnace to turn the CaCO3 into CaO[41]. 

2.3 Methylene blue (MB) Solution Preparation 

One gram of MB was dissolved in one liter of deionized water to create a 1000 mg/L MB solution. 

Subsequently, MB concentrations were created by serial dilution. 

2.3.1 Evaluation of Photocatalytic Activity 

This study examined the photocatalytic performance of synthesized materials' CaO, AC/ZnO and 

CaO/AC/ZnO nanocomposite photocatalysts under visible light from a 100 W incandescent light bulb at 15 cm. 

The results indicated that showed that MB removal was achieved by CaO, AC/ZnO, and CaO/AC/ZnO 

nanocomposite of parameters effects of pH, photocatalyst amount, MB concentration, and time of irradiation. To 

initiate the degradation experiment, transfer 100 mL of the MB aqueous solution (10 mg/l) into a 250 mL conical 

flask, then add 50 mg of the nanocomposite. The pH of the solutions was adjusted using 0.1 M NaOH and 0.1 M 

HCl solutions. The samples were centrifuged for 10 minutes at 4,000 rpm, and then they were filtered. After that, 

the filtrate was tested to check if the MB concentration had changed using a UV/visible spectrophotometer that 

was calibrated to the λmax of 665 nm shown in Figure 1. To calculate the amount of MB eliminated, equations 
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(1) and (2) were applied [42]: 

% degradation =  
Co  − C

C0

                                                                                      (1) 

Where C0 represents the initial concentration of MB and C is the concentration of MB (mg/L). The effect of 

the time of light irradiation on the ratio of MB concentration (C/C0). The starting and time truncated concentrations 

of MB in the aqueous phase are denoted by C and C0, respectively. The C/C0 ratio provides a useful visual 

assessment of the composite's photocatalytic activity. Photocatalytic processes have pseudo first order kinetics 

based on the Langmuir–Hinshelwood model [43]. The following formula may be applied to get the first order rate 

constant k. 

−ln
C

Co

= kt                                                                                              (𝟐) 

2.4. Characterization of CaO/AC/ZnO Nanocomposite 

Fourier Transform Infrared (FT-IR) spectra were obtained using the KBr method, with a resolution of 4 cm−1 

and a scan rate of 0.75 Hz. The spectra were examined across the whole spectrum range of 4000–400 cm-1 

(Bruker, Ettlingen, Germany). UV-vis spectra were recorded throughout a 200–800 nm spectral range using 

(Thermo Fisher Scientific, Waltham, MA, USA). We scanned the crystalline phases of the AC, CaO, AC/ZnO, and 

CaO/AC/ZnO nanocomposite using Rigaku D/Max-2550 X-ray diffraction (λ = 0.154 18 nm). The exterior layout 

and dimensions have been studied using energy-dispersive X-ray (EDX) and field emission scanning electron 

microscopy (FESEM) from SHIMADZU Japan (SSX-550).   Transmission electron microscopy (TEM) (H-7650, 

Hitachi, Japan) was used to analyze the microscopic characteristics and crystalline pattern of the composite. 

Brunauer-Emmett-Teller (BET) analysis was used to determine the specific surface area and pore volume of AC, 

CaO, AC/ZnO, and CaO/AC/ZnO.  

3. RESULTS AND DISCUSSION 

3.1 FT-IR spectroscopy Analysis 

FT-IR analysis can be a useful method for figuring out the structural properties of unknown compounds by 

identifying the functional groups that absorb infrared light.  The functional groups in the structures of the AC, 

AC/ZnO, and CaO/AC/ZnO nanocomposite were determined by FT-IR analysis; the results are shown in Figure 

1. The O-H and hydrogen bonds in the structure of the AC are responsible for the sorption peaks that were found 

at 3,742, 616, and 3,436 cm-1, as can be shown. Additional peaks that correspond to the C=C bonds of aromatic 

and alkene were also seen at 1,538, 1,638, and 1,694 cm-1  [44]. The sorption peaks located at 3,742, 3,615, and 

3,436 cm-1 in the AC structure were shifted to 3,848, 3,743, and 3,424 cm-1 in the AC/ZnO structure respectively. 

The peaks at 1,538, 1,638, and 1,692 cm-1 were transferred to 1,536, 1,620, and 1,697 cm-1 respectively. The 

presence of ZnO nanoparticles in the structure of the specified composites is confirmed by a significant sorption 

peak that emerged at 546 cm-1, which is attributable to the ZnO vibrations [45], [46]. The structure of CaO 

exhibited a high adsorption peak at 3,646 cm-1, which may be related to the hydroxyl groups' OH bond (Ca-OH). 

Broad adsorption peaks were seen at 1,474 and 1,421, cm-1; these values suggest that the CaO structure contains 

both mono and pair carbonates[47][12]. The CaO/AC/ZnO nanocomposite's synthesis resulted in the observation 

of sorption peaks in the CaO structure although with marginal variations in intensity. Peaks at 574 and 876 cm-1, 

for instance, were moved to 570 and 871 cm-1, respectively, and peaks at 1,420 and 1,472 cm-1 were relocated 

to 1,419 and 1,513 cm-1.  Additionally, two peaks in the CaO/AC/ZnO structure were detected at 3,400 and 3,800 

cm-1. These peaks show that ZnO and calcium oxide have been found in the activated carbon structure and that 

the CaO/AC/ZnO nanocomposite is well-constituted. 

3.2 XRD Analysis 

X-ray diffraction (XRD) is a practical and effective method for verifying the identification of the expected 

components present in prepared nanoparticle samples [48]. Figure 2 shows the results of an XRD examination 
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that was conducted to investigate the crystal structures of the AC, AC/ZnO, and CaO/AC/ZnO in the 10 to 80o 

range. The results indicate that the structures of AC, AC/ZnO, and CaO/AC/ZnO include a few peaks with varying 

intensities, indicating the presence of crystalline and semi-crystalline phases. It follows that all the materials listed 

have a crystalline structure. Some peaks in the AC structure were found at 2 of 20.20, 24 and 43.8o; they are 

connected to the graphite structure and are assigned to the crystalline phases of (002), (100) and (001) [49]. 

Additional peaks associated with the crystalline phases of (220), (311), (222) and (440) were found at 29.38, 

36.14, 40.56 and 64.86o, respectively [50]. The reverse cubic spinel-type ZnO nanoparticles generated in the AC 

are indicated by several peaks in the structure of the AC/ZnO nanocomposite, which were detected at 35.84, 

45.29, and 63.24o. These peaks are ascribed to the crystalline phases of (101), (102) and (440), respectively [49]. 

Furthermore, many peaks that had been seen in the calcium oxide structure in earlier studies were observed at 

2 of 18.35, 33.94, 34.39, 39.84, and 54.36o in the XRD study for CaO. Furthermore, distinct peaks were detected 

at 2 of 18.81, 29.68, 34.29, 35.82, 43.49, 53.99, and 63.28o in the CaO/AC/ZnO nanocomposite structure. These 

peaks signify the existence of CaO in the AC/ZnO composite structure and the creation of the CaO/AC/ZnO 

nanocomposite[51]. 

 

Figure 1. The results are FT-IR spectra of AC, AC/ZnO, CaO, and CaO/AC/ZnO. 

 

Figure 2. The results XRD analysis for AC, AC/ZnO, CaO, and CaO/AC/ZnO. 
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3.3 SEM and TEM Analysis 

SEM analysis was utilized to investigate the surface morphology of the AC, CaO, AC/ZnO, and CaO/AC/ZnO 

composites structures. The results are displayed in Figure 3. It is evident that the date seed-based activated 

carbon has a porous and flat surface figure 3 (a). Following the implantation of ZnO nanoparticles on the AC 

surface, a few particles of varying sizes are seen. These particles may arise from the ZnO nanoparticles' creation 

on AC surface, causing surface irregularities and alterations show in figure 3 (b). CaO structure has a large 

number of pores, as figure 3(c) of the SEM examination illustrates [52]. Also, the surface morphology of the 

CaO/AC/ZnO nanocomposite has layered structures, high porosity, and surface unevenness, all of which can be 

advantageous for the absorption of various pollutants, as seen in figure 3(d). 

 

Figure. 3. The results of SEM analysis for (a) Ac, (b) CaO, (C) AC/ZnO, and (d) CaO/AC/ZnO. 

The morphology and structure of the date seed-derived AC, CaO, AC/ZnO and CaO/AC/ZnO nanocomposite 

were examined using TEM analysis examination in figure. 4. The shape of the AC/ZnO composite, as depicted 

in Figure. 4(b), demonstrates that ZnO nanoparticles with a spherical structure are successfully distributed on the 

AC surface and interact appropriately [49]. The outcomes showed that ZnO nanoparticles, AC, and CaO were 

present in the composite structure after the production of the CaO/AC/ZnO nanocomposite Figure. 4(d), which is 

consistent with the findings of the SEM examination. 

Table 1 shows the Brunauer-Emmett-Teller (BET) findings analysis for the AC, CaO, AC/ZnO and CaO/AC/ZnO 

nanocomposite. Specific surface areas of 414.01, 2.502, 76.926 and 43.193 m2/g were found for the AC, CaO, 

AC/ZnO and CaO/AC/ZnO, respectively. The specific surface area of AC was much higher than that of the other 

adsorbents, whereas CaO had the lowest value of this parameter[53]. The specific surface area and pore volume 

are important elements in sorption process because they directly affect sorption capacity of pollutants. The 

average pore volume was determined to be 0.2, 0.019, 0.201 and 0.182 cm3/g for AC, CaO, AC/ZnO, and 

CaO/AC/ZnO, respectively. The fact that these levels work well with AC, AC/ZnO, and CaO/AC/ZnO adsorbents 

shows how good these sorbents are in adsorbing materials. 
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Figure. 4 : TEM analysis of (a) AC, (b) AC/ZnO composite, (c) CaO, and (d) CaO/AC/ZnO nanocomposite. 

Table 1. Surface characteristics of AC, CaO, AC/ZnO, and CaO/AC/ZnO 

Parameter AC CaO AC/ZnO CaO/AC/ZnO 

BET surface area (m²/g) 414.01 2.502 76.926 43.193 

Average Pore Volume (cm³/g) 0.2 0.019 0.201 0.182 

BJH Adsorption mean pore diameter (OA) 38.1 8.01 5.12 1.79 

3.4 Methylene Blue Photodegradation Characteristics 

3.4.1 pH Effect 

pH is one of the most important and practical factors in the absorption of many contaminants [3]. MB is a 

cationic dye that will adsorb on a photocatalyst that is substantially negatively charged [54]. The medium's pH 

might be adjusted to control the photodegradation of MB [55]. Lower pH (acidic fluids) causes less MB molecule 

adsorption on the photocatalyst surface because H+, the dominant species, competes with the cationic MB dye. 

The interaction between •OH and MB is diminished because MB does not adsorb on the photocatalyst's surface. 

There is no competition between OH- and MB at higher pH levels because OH- will be repelled by the negatively 

charged surface of the photocatalyst and remain in the solution in large concentrations [56]. Therefore, the effect 

of pH on the removal effectiveness of MB from 2 to 11 was studied using CaO, AC/ZnO, and CaO/AC/ZnO 

nanocomposite; the results are shown in the figure. 5. There was a little change in degradation when the pH was 

changed from 2.0 to 7.0. The pH fell from 4.0 to 2.0, significantly reducing the efficiency of disintegration. On the 

other hand, more degradation was noted when the pH of the MB solution increased from 7 to 11. To achieve the 

maximum degradation efficiency, 120 minutes of radiation were applied. Photocatalysts with a high negative 
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charge are absorbed by MB since it is a cationic dye [57]. Therefore, 9 was the ideal pH for MB absorption when 

using the sorbents. 

 

Figure. 5. The effect of pH on the CaO, AC/ZnO, and CaO/AC/ZnO nanocomposites ability to photodegrade MB. 

3.4.2 Radiation Time Effect 

The effect of varying irradiation times on dye degradation was investigated using MB samples under the 

guidance of photocatalysts, as shown in Figure 6. This work examined irradiation times effect on the MB 

adsorption process using the CaO, AC/ZnO, and CaO/AC/ZnO nanocomposite. The initial MB concentration was 

10 mg/L, and testing was conducted at pH 9. Figure. 8(c) illustrates the findings. Due to the abundance of active 

sites on the adsorbent surface, it is evident that the degradation efficiency of MB employing all adsorbents 

increases dramatically at the start of the sorption process (almost in the first 100 min) [54]. Then, the absorption 

peak of MB decreases as the reaction time grows. The color shifts from blue to colorless at the same moment. 

The decrease in absorption spectra is due to the reduction of the MB chromophore, which results in a drop in the 

MB absorption peak as the reaction time rises. The color shifts from blue to colorless at the same moment. The 

diminution of the MB chromophore is the cause of the decline in the absorption spectra. Consequently, the 

photocatalysts' irradiation time was established at 100 minutes. 

3.4.3 Effect of Concentration of MB 

The initial concentration of MB is a crucial variable in the adsorption process[56], In the present work, the 

impact of initial MB concentration on degradation efficiency was examined using CaO, AC/ZnO, and AC/ZnO/CaO 

nanocomposite under optimal conditions (refer to Figure 6). The degradation efficiencies of CaO, AC/ZnO, and 

CaO/AC/ZnO nanocomposite decreased when the initial MB level was raised from 5 to 50 mg/L from 65.5 to 

31.25%, 83.74 to 65.47%, and 96.97 to 86.89%, respectively. As a result, an MB concentration of 5 mg/L 

produced the greatest uptake efficiency. This reduction occurs for all adsorbents due to the saturation of active 

sites on the adsorbent surface at high concentrations of MB[57]. At a lower MB concentration, its absorption 

capacity is significant. This is because there are more active sites on the surface of the photocatalyst when the 

MB concentration is low [58]. At increasing MB concentrations, photodegradation is slowed down due to increased 

dye molecule adsorption covering the active sites of the photocatalyst. A higher concentration of dye molecules 

increases the light-screening effect and decreases the production of •OH active radicals [59].  
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Figure. 6. Effect of concentration of MB versus percentage degradation through CaO, AC/ZnO, and CaO/AC/ZnO 

nanocomposite. 

3.4.4 Effect of Photocatalyst Quantity 

The optimum photocatalyst amount needs to be determined to achieve the greatest photodegradation of MB. 

The impact of catalyst loading on the photodegradation of MB was examined by subjecting CaO, AC/ZnO, and 

CaO/AC/ZnO composites to visible radiation while maintaining constant values for other parameters [60]. The 

experiment was run for 100 minutes at pH 9, starting with a 5 mg/L concentration of MB. For each liter of 

photocatalyst, one to four grams were utilized. The photodegradation efficiency is shown in figure 7. There is 

evidence to imply that the photodegradation effectiveness increased with the number of photocatalyst and sorbent 

active sites [61]. The photodegradation efficiency of the CaO, AC/ZnO and CaO/AC/ZnO nanocomposite rose 

and then remained almost constant when up to 2 g/L of photocatalyst was added. The results showed that 2.5 

g/L of photocatalyst was the optimal amount for the CaO and AC/ZnO CaO/AC/ZnO nanocomposite. 

Agglomeration occurs when the quantity of photocatalysts is increased beyond the optimal point. The turbidity of 

the solution likewise increases with increasing concentration levels. These two elements reduce the efficacy of 

the photocatalyst by preventing photons from being absorbed on its surface [62]. 

 

Figure. 7. The effect of the amount of photocatalyst on the photodegradation efficiency of methylene blue through CaO, 

AC/ZnO, and CaO/AC/ZnO nanocomposite. 

3.5 Photocatalytic Degradation of Methylene Blue 

The CaO/AC/ZnO composite has the highest degradation efficiency of all the adsorbents, according to the 

results of the examination of numerous elements of the photodegradation efficiency of the MB dye. In addition, 

the AC/ZnO/CaO nanocomposite showed reduced optimal values for photocatalyst amount and irradiation time 

during the adsorption process in comparison to the other two sorbents. The degradation efficiency with CaO was 
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the lowest across all experiments. The easy removal of AC from the solution is facilitated by the surface addition 

of CaO nanoparticles and AC/ZnO. It results in a reduction of the photocatalyst quantity and Irradiation time and 

increases the MB photodegradation efficiency. This means that by altering the surface of AC, the 

photodegradation efficiency of MB is increased and the operational expenses of the degradation process are 

reduced [63].  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Photocatalytic degradation of composite: (a) degradation of MB at different time intervals; (b) C/C0 against time; (c) 

ln C/C0 against time; (d) % photodegradation efficiency. 

To evaluate the photocatalytic activity of the synthesized CaO, AC/ZnO, and CaO/AC/ZnO nanocomposites, 

the photodegradation efficiency of MB dye under visible light radiation was employed. To find out how well the 

produced nanocomposites broke down the MB sample, each one was assessed identically as a function of 

irradiation time. The CaO/AC/ZnO photocatalyst for testing its potential has been used by applying it to colored 

MB dye and devastation of colored complex organic frameworks. In Figure 8(a), the absorption intensity 

decreases after only 100 minutes of being exposed to visible light, the peak at λ = 665 nm altered significantly, 

indicating the critical destructive capabilities of the CaO/AC/ZnO photocatalyst. It is widely known that the MB 

framework is destroyed by two methods: (i) well-defined oxidative procedures that produce base-parallel or 

completely flattened absorption spectra of MB molecules; (ii) a two-electron reduction process that turns colored 

MB into colorless leuco-MB [64]. MB was destroyed by an oxidative mechanism since, during the whole study, 

we were unable to observe or identify any identifiable hump at λ = 256 nm associated with the leuco-MB. The 

very helpful results the CaO/AC/ZnO photocatalyst produced; demonstrated the potential of this innovative 

photocatalytic framework for solving environmental issues.  The photocatalyst with AC in the composite exhibits 

the highest light absorption and greatest degrading efficiency based on these findings. Figure 8(b) shows how 

the MB concentration ratio (C/C0) is affected by the amount of time of light irradiation. Initial MB concentrations 

in the aqueous phase are denoted by C and C0, respectively, and concentrations at time. Visually comparing the 

C/C0 ratio is a simple method of comparing the composite's photocatalytic effect. 

Photocatalytic composites produced from CaO show pseudo-first-order kinetics, as shown in Figure 8(c). The 

proportion of CaO and synthetic composites' degrading efficiency is displayed in Figure 8(d). Higher 

concentrations of AC in composites improve the photocatalyst's capacity to absorb light, which in turn boosts 

a 
b 

c 
d 

a 
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photocatalytic activity, as these graphical depictions make evident. Equation one was utilized to evaluate the 

overall percentages of photodegradation. The sunlight at 312 nm in pure CaO shows considerable absorption[65]. 

The highest absorption of ZnO occurs around 367 nm. It demonstrates that ZnO is only effective in the UV 

spectrum [66]. Absorption can be observed in the visible to infrared spectrum for CaO, AC, and ZnO. Because 

activated carbon is present, the photocatalyst has a wide range of pore size configurations that allow it to absorb 

all visible, near-infrared, and ultraviolet radiation. 

4.6 Proposed Photochemical Reaction Mechanism. 

       Scheme 1 proposes three methods to explain the photocatalytic degradation of MB dye by CaO/AC/ZnO 

under sunlight irradiation. The first mechanism may be explained by the fact that ZnO photocatalytic efficacy 

increases when exposed to visible light when AC is introduced to the photocatalytic system. This CaO/AC/ZnO 

combination is considered to have increased MB photocatalytic degradation efficiency. Additionally, the 

substantial surface area of AC may aid in the efficient adsorption of MB molecules onto the photocatalyst surface 

and enhance the development of π−π* interaction among the MB dye molecules. The second mechanism can 

result from the ZnO crystal lattice's CaO doping effect. Applying CaO doping reduces the recombination of excited 

electrons in the valence band (VB) with holes in the conduction band (CB). This oxidatively degradation MB 

molecules by producing more oxy radicals through interaction with oxygen molecules. The third mechanism may 

be explained by doping ZnO with CaO, which narrows ZnO's band gap. The photodegradation of MB by 

CaO/AC/ZnO is caused by electrochemical and reductive processes. Water molecules are oxidized by these 

holes into •OH. These •OH are involved in the decomposition of MB. The decomposition products of this reaction 

are CO2 and H2O. After these reactions, •O2 and •OH could be generated by entrapped UV-Vis-NIR light 

(Equations (3)– (8). These free radicals are strong oxidizing agents and can theoretically decompose the 

photocatalytic degradation of MB dye. 

𝐶𝑎𝑂/𝐴𝑐/𝑍𝑛𝑂 + ℎѵ → 𝐶𝑎𝑂/𝐴𝐶/𝑍𝑛𝑂(ℎ𝑉𝐵
+ + 𝑒𝐶𝐵

− )                                        (3) 

2ℎ𝑉𝐵
+  +  2𝐻2𝑂  →   2𝐻+  +   2𝑂𝐻.                                                                    (4)  

2𝑒𝐶𝐵
− + 𝑂2 → 𝑂2

−̇                                                                                                      (5) 

𝑀𝐵 ∗  +  𝐶𝑎𝑂/𝐴𝐶/𝑍𝑛𝑂 →  𝑀𝐵∗+𝑒𝐶𝐵
− 𝐶𝑎𝑂/𝐴𝐶/𝑍𝑛𝑂                                        (6) 

𝑀𝐵∗+  +  𝑂𝐻−   → 𝐶𝑂2  +  𝐻2𝑂                                                                            (7) 

𝑀𝐵∗+   +  𝑂2
−̇   →   𝐶𝑂2 +  𝐻2𝑂                                                                             (8) 

 

 

Scheme 1: Shows the potential process for the photocatalytic degradation of MB dye. 
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 CONCLUSIONS 

It is imperative to treat wastewater containing MB dye before discharging it into the environment because of 

its detrimental effects on water quality. In this study, we synthesized CaO/AC/ZnO nanocomposite from 

biomaterial waste by adding activated carbon from date palm seeds with calcium oxide from eggshells and ZnO 

nanoparticles to the nanocomposite. The nanoparticles were then used to study the photodegradation of 

methylene blue (MB) under visible light. The physical features of all the adsorbents (AC, CaO, AC/ZnO, and 

CaO/AC/ZnO nanocomposite) were studied through FT-IR, XRD, SEM, BET, and TEM analyses. The results 

showed that the optimized conditions for composites of the MB of degradation were a pH of 9, irradiation time 

were at 100 minutes, MB concentration of 5 mg/L, and a photocatalyst quantity of 2.5 g/L. The findings 

demonstrated the mesoporous structure and excellent sorption capabilities of the CaO/AC/ZnO nanocomposite. 

Furthermore, during 100 minutes of sunshine irradiation, the photodegradation efficiency of MB utilizing AC, CaO, 

AC/ZnO, and CaO/AC/ZnO nanocomposite was 33.23, 37.58, 54.61, and 88.92%, respectively. This suggests 

that enhancing the surface characteristics of the AC boosts photodegradation efficiency. After 120 minutes of sun 

exposure, the CaO/AC/ZnO nanocomposite's MB removal effectiveness was 96.7%. As a result, the 

CaO/AC/ZnO nanocomposite exhibits promise as an effective, versatile photocatalyst for the photodegradation 

of MB dyes in wastewater. 
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