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In the present study, activated carbon (AC) supported ZnS catalysts at different 

concentrations of AC were synthesized using hydrothermal method. The MB 

photocatalytic degradation efficiency of AC supported ZnS catalysts at different 

concentrations of AC was examined in the presence of UV-C lamp. As a result of 

photocatalytic measurements, the catalyst having the best photocatalytic activation was 

determined. The effect of different parameters, such as the amount of catalyst and dye 

concentration, on the photocatalytic degradation of methylene blue was investigated in the 

presence of this catalyst.Moreover, The photocatalytic degradation kinetics of methylene 

blue in the presence of catalyst were investigated by first and second order kinetic model. 
In the last part of the study, structural, morphological and elemental properties of the 

catalyst having the best photocatalytic activity were examined by x-ray diffraction (XRD), 

scanning electron microscope (SEM) and energy dispersive x-ray (EDX)measurements, 

respectively. 
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1. Introduction 
 

Semiconductors and metal nanoparticles are among the focal points of scientific research 

in recent years. Particle sizes were found to be very important in determining the properties of 

these materials [1, 2]. Due to their unique electronic nature, they have many potential applications, 

such as energy conversion systems [3], biological labels [4], electroluminescence devices [5], 

quantum-dot lasers [6], and solar cells [7-12]. ZnS nanoparticles from the II-VI semiconductor 

group have a band gap of 3.54-3.91 eV at room temperature [13]. ZnS nanostructures are one of 

the most promising materials for application in different optoelectronics and photovoltaic devices, 

such as bio-labeling [14], transistors [15] for electronic switches, photoconductor sensors [16]. In 

the production of ZnS nanocrystals, hydrothermal [17], chemical precipitation[18] and sol-gel 

methods [19] are frequently used in the production of materials in different morphologies. Among 

these methods, the method of hydrothermal is preferred because it is a low cost and practical 

method. 

Toxic and organic pollutants which are released to water and environment negatively 

affect human health [20]. Industrial and synthetic textile dyes constitute the most important 

chemical part of these pollutants. It is of great importance that these materials which are highly 

toxic and carcinogenic are transformed into degradable inorganic compounds [21-28]. By using 

catalysts such as ZnS [29], TiO2 [30], ZnO [31], CeO2 [32], Fe2O3 [33], ZrO2 [34], and SrO2 [35], 

this kind of pollutants can be removed by photocatalytic oxidation. 

Methylene Blue (MB) belongs to cationic category and most toxic dye [36]. MB (thiazine 

(cationic) dye) commonly used for coloring paper, temporary hair colorant, dyeing cottons, wools 
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and so on [37]. MB lead to health hazards such as difficulties in breathing, vomiting, diarrhea, and 

nausea [38]. Therefore, its removal and elimination from various aqueous wastes is a requirement. 

In the present study, activated carbon (AC) supported ZnS catalysts at different 

concentrations of AC were synthesized using hydrothermal method. The MB photocatalytic 

degradation efficiency of AC supported ZnS catalysts at different concentrations of AC was 

examined in the presence of UV-C lamp. 

 

 
2. Experimental details 
 

Activated carbon (AC) supported ZnS nanoparticles were synthesized at different AC 

concentrations using hydrothermal method. 2.19 g of zinc acetate and 0.61 g of thiourea in 80 ml 

of di-ionized water were also stirred for 30 minutes. 2.6 ml of ethylenediamine was then added to 

the CdS mixture. Different concentrations of AC (0%, 5%, 10% and 20%) were added to the 

existing mixture to synthesize ZnS nanoparticles with different concentrations of AC. The 

obtained mixture was vigorously stirred for 2 h and then transferred in Teflon coated stainless steel 

autoclave and kept at 180°C for 12 h. After completion of reaction, autoclave was cooled to room 

temperature. The obtained white colored powder was dried in vacuum at 70°C followed by fine 

crushing and labeling. The codes of prepared photocatalysts are displayed in Table 1. 

 
Table 1. Sample names and their codes. 

 

Sample name Sample code 

0% wt AC_ZnS 0 AC_ZnS 

5% wt AC_ZnS 5 AC_ZnS 

10% wt AC_ZnS 10 AC_ZnS 

20% wt AC_ZnS 20 AC_ZnS 

 

 

The synthesized catalysts were characterized by x-ray diffraction (XRD), scanning 

electron microscope (SEM) and energy dispersive x-ray (EDX) devices. The photocatalytic 

degradation of MB in the batch system using ZnS nanoparticles with AC was investigated in the 

presence of UV-C lamp. The parameters used for photocatalytic degradation tests of MB were 22 

ml of solution, 25 mg of catalyst, 20 ppm of dye concentration, respectively. The concentration of 

MB remaining in solution was determined by UV spectroscopy. The effect of different parameters 

such as AC/ZnS ratio, initial concentration of dye and catalyst amount were investigated in 

photocatalytic degradation of MB. 

 

3. Results and discussion 
 

3.1. Photocatalytic activity 

Photocatalytic degradation experiments of MB were performed to determine the best 

activated carbon/ZnS ratio. The parameters used in the experiments performed were solution 

volume (22 ml), dye concentration (20 ppm) and amount (25 mg) of ZnS nanoparticles with 

different concentrations of AC, respectively. The percentages of photocatalytic degradation 

obtained in the presence of different AC/ZnS ratios are shown in Fig. 1. 
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Fig. 1. The percentages of photocatalytic degradation obtained in the presence  

of different AC/ZnS ratios. 

 

 

When AC/ZnS ratio increases from 5% to 10%. It was observed that catalyst activity 

increased then decreased. This is likely due to the fact that ZnS does not have sufficient activity at 

low AC/ZnS ratios. In addition, at high AC/ZnS ratios, ZnS overlaps and it is predicted that this 

reduces activity. Thus, the most effective AC/ZnS ratio was determined as 10%. This ratio was 

used in subsequent experiments. 

One of the most important parameters in photocatalytic studies is the amount of catalyst. 

After determining the most effective AC/ZnS ratio was 10%, degradation experiments of MB were 

performed in the presence of different catalyst (10 AC_ZnS) amounts. The parameters used in the 

experiments performed were solution volume (22 ml), dye concentration (20 ppm) and different 

catalyst  (10 AC_ZnS)  amounts (10, 25 and 50 mg). The percentages of photocatalytic 

degradation obtained in the presence of different catalyst (10 AC_ZnS)  amounts are indicated in 

Fig. 2. 

 

 
 

Fig. 2. The percentages of photocatalytic degradation obtained in the presence  

of different catalyst (10 AC_ZnS)  amounts. 

 

 

As shown in Fig. 2, the percentage degradation increases with increasing catalyst (10 

AC_ZnS)   amount from 10 mg to 50 mg. This is likely due to an increase in the amount of 

catalyst (10 AC_ZnS) increases the active site. Thus, the degradation activity of MB will also 

increase because of light adsorption on the catalyst (10 AC_ZnS) surface and the formation of OH
-
 

radicals. 

Dye concentration is an important parameter influencing photocatalytic studies. The 

parameters used in the experiments performed were solution volume (22 ml), catalyst  (10 

AC_ZnS)  amount (25 mg) and different dye concentrations (20, 50 and 100 ppm) and. The 

percentages of photocatalytic degradation obtained in the presence of different dye concentrations 

are signalized in Fig. 3. 
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Fig. 3. The percentages of photocatalytic degradation obtained in the presence of 

different dye concentrations. 

 

 

It is clear from the graph that percent degradation decreases with increasing concentration 

of MB. For example, it was observed that when the initial concentration of the solution was 20 

ppm, the reaction was completed in 40 minutes, while increasing the concentration to 100 ppm, the 

same reaction was ended in 280 minutes. It is known that increased MB concentration increases 

the adsorption capacity on the catalyst surface. Therefore, the OH
-
 formed on the catalyst surface 

inhibits adsorption and causes a decrease in photocatalytic activation. As a result, the decrease in 

OH– formation leads to a decrease in dye removal efficiency. Another reason for this is that based 

on Lambert - Beer Law, when photon entry into the solution decreases with increasing initial dye 

concentration, less photon adsorption occurs on the catalyst surface. As a result, this reduces the 

reaction rate. 

The photocatalytic degradation kinetics of methylene blue in the presence of catalyst (10 

AC_ZnS) were investigated by first and second order kinetic model. First and second order kinetic 

model equations are given below, respectively. 

 

−ln(
𝐶𝑡

𝐶𝑜
) = 𝑘1. 𝑡                                                                           (1) 

 
1

𝐶𝑡
−

1

𝐶𝑜
= 𝑘2. 𝑡                                                                            (2) 

 
𝐶𝑡 : solution concentration at time t (mg/l), 𝐶𝑜  : initial solution concentration at time t 

(mg/l), 𝑘1  : First order adsorption rate constant (min.
-1

), 𝑘2 : Second order adsorption rate constant 

(min.
-1

) and 𝑡 : adsorption time (min.). The graphs obtained from the above equations are 

demonstrated in Fig. 4 (a-b), respectively. As can be seen from Fig. 4 (a-b), the kinetics of 

photocatalytic degradation of MB in the presence of catalyst (10 AC_ZnS) is first order. This 

result means that the photocatalytic degradation of MB is time controlled. 

 

 
 

Fig. 4. (a) First order kinetic model for the photocatalytic degradation kinetics of MB 

 in the presence of catalyst (10 AC_ZnS). 
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Fig. 4. (b) Second order kinetic model for the photocatalytic degradation kinetics of MB 

 in the presence of catalyst (10 AC_ZnS). 

 

 

3.2. Characterization of catalyst (10 AC_ZnS) 

X-ray diffraction (XRD) technique was used to have knowledge about he crystallinity and 

phase structure of the catalyst (10 AC_ZnS). The XRD patterns recorded for the catalyst (10 

AC_ZnS) having the most effective photocatalytic activity are pointed to in Fig. 5. 

 

 
 

Fig. 5. The XRD patterns recorded for the catalyst (10 AC_ZnS). 

 

 

The three broad diffraction patterns indicated in the Figure 5 correspond to planes (111), 

(220) and (311), respectively. This expresses that the synthesized catalyst (10 AC_ZnS) has a 

cubic structure. The result is consistent with the standard JCPDS file (JCPDS-75–1546) of ZnS. 
Further, the crystallite size of the catalyst (10 AC_ZnS) was calculated to be approximately 3 nm 

using the Scherer formula (Equation 3) given below. 

 

𝑑 =
0,9∗𝜆

𝛽∗𝑐𝑜𝑠𝜃
                                                                             (3) 

 

where 𝑑 is the crystallite size of the the catalyst (10 AC_ZnS), 𝜆: wavelength of the XRD device, 

𝛽: full width at half height in radians (FWHM) and 𝜃: Bragg’s diffraction angle. 

The recorded SEM image of the AC sample is shown in Fig. 6.  
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Fig. 6. The recorded a SEM image of the AC sample. 

 

 

As can be clearly seen from the Fig. 6, while the presence of significant porosity was not 

observed on the surfaces of the AC sample, the presence of the pores was determined when the 

internal structures were examined. The recorded SEM image demonstrates the presence of meso 

and micropores rather than macro pores. 

Fig. 7 indicates the recorded SEM image of the catalyst (10 AC_ZnS). As the image 

infers, the catalyst (10 AC_ZnS) was formed in the form of pellets. It has been observed that these 

lumps come together to form clumps on the surface. It was also observed that the synthesized 

catalyst (10 AC_ZnS) was of different sizes due to the clumps formed. In other words, particles of 

different sizes can be detected within the same clump. 

 

 
 

Fig. 7. The recorded a SEM image of the catalyst (10 AC_ZnS). 

 

 

The EDX spectra of the AC and catalyst (10 AC_ZnS) are signalizeD in Fig. 8 (a-b), 

respectively. The observation of the desired elements in its own category, which can be clearly 

seen from the EDX spectra, is an indication that each sample is successfully synthesized. 

 

   
 

Fig. 8. EDX spectra of a) AC sample, b) catalyst (10 AC_ZnS). 
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4. Conclusions 
 

In the present study, activated carbon (AC) supported ZnS catalysts at different 

concentrations of AC were synthesized using hydrothermal method. The MB photocatalytic 

degradation efficiency of AC supported ZnS catalysts at different concentrations of AC was 

examined in the presence of UV-C lamp. The 10 wt % of AC was determined as the ideal mass 

ratio for the highest photocatalytic activity. We think that our present study, using AC as a support 

should serve as an important approach in the field of materials sciences. 
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