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The current research work investigated the photocatalytic degradation of dye using 
polythiophene-based silver-doped zinc sulfide (PT/Ag-ZnS). The ternary composite was 
synthesized by in-situ chemical oxidation polymerization approach and thoroughly 
characterized. Maximum photocatalytic activity depicted > 80% for Ag-ZnS and > 94% for 
PT/Ag-ZnS at pH 7 and 4 respectively at 10 mM oxidant and 30 mg/100 mL catalyst dose, 
10 ppm IDC under 90 min. DMSO serves as an effective radical scavenger. The novel 
polymeric composite exhibits efficient reusability upto five cycles. Pseudo 1st-order kinetic 
model was best fitted for PT/Ag-ZnS. Toxicity analysis gave a green clue of treated water.  
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1. Introduction 
 
Freshwater on land is a vital resource for terrestrial life, ecosystems, biodiversity, and human 

societies [1]. The World Health Organization (WHO) reports that nearly two billion people lack 
access to clean water for drinking, eating, and sanitation [2]. The scarcity of clean water poses a 
serious risk to ecosystem sustainability, the natural world, as well as the well-being of people [3, 
4].  Recent surveys reveal that at least one month per year, three-quarters of the world's population 
experience severe water shortages [5]. The increasing water shortfall is primarily attributed to 
economic growth, population growth, climate change, altered consumption patterns, and an increase 
in agricultural irrigation [6, 7]. Only 0.1% of the global water supply is usable due to only 2.5% of 
freshwater reserves being fresh, with most freezing in polar regions and 30% in isolated aquifers 
[5]. 

The textile sector produces a million tons of textile byproducts annually, using 50% of dyes 
lost in effluent [8, 9]. The textile sector annually discharges approximately 200,000 tons of chemical 
dyes into the ocean [10]. Overuse of dyes on water can prevent light from penetrating, which 
negatively affects the photosynthesis process of aquatic plants [11]. These dyes are known to be 
carcinogenic, mutagenic, and teratogenic due to their complex structures and restricted degradation 
[12]. Developed countries have improved overall quality of life through technology, civic 
advancements, and available resources [13]. 

Wastewater removal techniques like physical adsorption, biological degradation, and 
chemical oxidation face challenges like imperfect degradation, low effectiveness, high costs, and 
secondary pollution risks [14].  Photocatalysis, an advanced oxidation process  (AOP) using 
semiconductors, is a green, eco-friendly method for converting sunlight into chemical power, 
promising energy conservation and high efficiency [15, 16]. Antibiotic, bacterium elimination using 
semiconductor-based photocatalysts has been widely investigated and applied [17-19].  AOPs 
convert organic contaminants into safe byproducts like water, carbon dioxide, or inorganic ions by 
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using reactive oxygen species (ROS) from oxidants like hydrogen peroxide and persulfates [20, 21]. 
UV light or solar irradiation forms pairs of electrons and holes in composites, but these charge 
carriers quickly unite, reducing their effectiveness [22]. AOPs offer a superior method for removing 
permanent organic pollutants, such as dyes, insecticides, phenolic chemicals, and drugs [23]. By 
mixing metal sulfides with carbon-based substrates, photo-efficiency is increased, paving the path 
for innovative visible light-active support-based water treatment systems [24, 25]. Metal sulfides, 
such as zinc Sulphide, iron  Sulphide, cobalt  Sulphide, along cadmium  Sulphide, have been studied 
in great detail as photocatalysts due to their smaller bandgaps compared to metal oxides [26]. Noble 
metal-doped ZnS is crucial for wastewater treatment operations as it enhances photocatalytic 
efficacy in semiconductor materials [27]. According to the findings, Ag-doped ZnS degrades more 
quickly than ZnS [28]. 

Since 2007, CP-based photodegradation has become incredibly popular [29]. Polythiophene 
(PT), a heterocyclic polymer compound, exhibits a low band gap and excellent stability in both 
doped and undoped states [30]. PT, despite being challenging to manufacture, is highly demanding 
due to its exceptional thermal stability and good electrical conductivity [31]. CPs typically exhibit 
photocatalytic behavior as a result of the prolonged π-conjugation [30]. PT, with a 2.0 eV band gap, 
exhibits strong photocatalytic properties in UV and visible light and can be efficiently modified by 
adding functionalities to its main chain [29, 32]. Polythiophene and its nanocomposites offer an 
intriguing photocatalytic alternative due to their unique electrical properties, environmental 
sustainability, narrow optical band gap, consistency in doped and neutral forms, and ease of synthesis 
[29, 33]. 

According to knowledge, there hasn't been any research on using Polythiophene-based 
Silver anchored Zinc Sulphide (PT/Ag-ZnS) as photocatalysts for the degrading Rhodamine B 
(RhB) dye. Therefore, in the current investigation, this research project used hydrothermal and 
chemical oxidation methods to synthesize Ag-ZnS and PT/Ag-ZnS. Ag-ZnS and PT/Ag-ZnS 
nanocomposite were tested against Rhodamine B dye for their photocatalytic activity. RhB was 
chosen as the model dye due to its widespread use in paper-making, textile, printing, and paint 
industries, and experiments were conducted in the visible range (400–800 nm). These catalysts are 
characterized using several analysis methods (XRD, FTIR, SEM-EDX). The charge on the surface 
of the photocatalyst is determined by the Drift method. The long-term stability of the photocatalyst 
was investigated by Zn leaching test via atomic absorption spectrophotometer (AAS) and an 
optimization of variables such as pH, oxidant dose, catalyst dose, and time to reaction was carried 
out. Additionally, the Response Surface Methodology (RSM)'s central composite design was applied 
to investigate the relationship between each of four distinct variables (catalyst dose, pH, oxidant 
feed, and along time). Additionally, toxicity, optical analysis, reusability, and scavenging processes 
were examined too. Furthermore, the kinetic models were also investigated. 

 
 
2. Experimental section 
 
2.1. Materials 
All chemicals and reagents were of analytical grade and used as received without further 

purification. Anhydrous iron chloride (99%, Uni-Chem), Thiophene (99.5%, Loba Chemie), 
Chloroform (99.8%, Loba Chemie). Zinc acetate dihydrate [99%, Daejung, Korea). Thiourea (99%, 
Merck) and silver nitrate (99%, Sigma-Aldrich) were used in this study. Distilled water was used 
throughout the study. 

 
2.2. Synthesis approach 
2.2.1. Synthesis of Zinc Sulfide (ZnS) and Ag-ZnS 
Zinc sulfide was obtained by hydrothermal synthesis. The solutions, 0.1 M zinc acetate and 

0.1 M Thiourea, were mixed using magnetic stirrer to obtain a clear solution. The mixture was then 
transferred in Teflon-lined autoclave reactor and placed at 180 °C for for 12 h. Zinc sulfide 
precipitates were separated using filter paper, washed repeatedly using distilled water/ethanol, and 
finally dried in an oven at 80 °C. The Ag-ZnS was obtained by repeating the similar method and  0.1 
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M silver nitrate solution was added during the mixing of zinc acetate and  thiourea solutions [34, 
35]. 

2.2.2. Synthesis of polythiophene  
To prepare PT chemical oxidation polymerization process was used. A solution of 2 mL of 

thiophene monomer was poured into a flask containing CHCl3 solution. A solution of 9 g of FeCl3 
was then added to 180 ml of CHCl3. It was mixed thoroughly before adding this mixture to thiophene 
in a CHCl3 stirring solution. After that, the mixture was constantly stirred for about 24 hours. The 
precipitate was stirred for 24 hours before being filtered out. At 100 °C, the solution had been dried 
out for 90 minutes. A pestle and mortar were used to turn the finished product into a powder [36]. 

 
𝐶𝐶4𝐻𝐻4𝑆𝑆 +  𝐹𝐹𝐹𝐹𝐶𝐶𝑙𝑙3  + 𝐶𝐶𝐻𝐻𝐶𝐶𝑙𝑙3 →  −(𝐶𝐶4𝐻𝐻4𝑆𝑆 ) −  + 𝐹𝐹𝐹𝐹𝐶𝐶𝑙𝑙2  +  𝐶𝐶𝐻𝐻𝐶𝐶𝑙𝑙3                                                      (1) 

 
2.2.3. Synthesis of PT/Ag-ZnS  
The chemical oxidation polymerization technique was utilized to prepare the PT/Ag-ZnS 

composite. Ag-ZnS solution that had been hydrothermally synthesized was treated ultrasonically for 
about 20 minutes and then put into a flask that held 2 mL of thiophene monomer solution (soln 2). 
Subsequently, 180 mL of CHCl3 was added to  9 g of FeCl3, being thoroughly mixed to prepare a 
uniform mixture of (soln.3). After that, for 24 hours, both solns. 2 and 3 were continually stirred 
magnetically in a 1:1 ratio. After stirring for 24 hours, the precipitates that resulted had been filtered 
out. At 100 °C, the mixture had been dried out for about 90 minutes. A pestle and mortar were used 
to turn the finished product into fine powder. 

 
2.3. Characterization 
Utilizing various methods, the prepared catalysts (Ag-ZnS and PT/Ag-ZnS) were 

characterized. With the aid of a scanning electron microscope with energy-dispersive X-ray 
equipment (SEM-EDX JEOL/EO JSM-5910), the morphological along with elemental examination 
of catalysts was carried out. Using Agilent Technologies' Fourier Transform Infrared Spectroscope, 
or FT-IR the existence of several functional groups was identified [37]. The size of the crystallite 
was determined utilizing the Debye-Scherrer equation, while the phase characterization of the 
produced materials was captured by an X-ray diffractometer (XRD, Rigaku) fitted with a Cu-K 
radiation source (=0.154056 nm) at an operational current as well as 45 kV and 40 mA of voltage, 
correspondingly. The energy gaps in the band of photocatalysts were estimated utilizing the CECIL 
CE 7200 UV-visible spectrophotometer, and the % degradation of samples that were treated was 
examined [41]. Employing AAS (Z-8200, Japan; Hitachi Polarized Zeeman AAS), a Zn leaching 
analysis of a  Rh B treated dye solution was carried out under the parameters recommended in the 
AOAC [37]. 

 
2.4. Photocatalytic degradation  
The photocatalytic decomposition tests were conducted in the presence of visible light from 

the sun. However, visible irradiations were used to optimize for factors including pH, oxidant dose, 
catalyst dose, and my period. The LUX meter or a solar power meter (SM206) was utilized to 
measure the light brightness of sunshine (2 ×2 ft). In the current study, rhodamine B (RhB) was 
chosen as a model dye. To conduct the degradation investigation, 100 mL of a 10 ppm (RhB) solution 
was used. Each adjusted parameter was combined with a blank or control experiment and exposed 
to sunlight. The RhB solution did not degrade noticeably in a control without a catalyst or oxidant 
added, proving that photolysis was not significant for the RhB solution in the control experiment. 
0.1 M NaOH with 0.1 M HCl solutions were used to change the pH of the solution.  

To achieve the greatest likelihood of interactions among the catalyst and subsequently dye 
molecules, it was subjected to a 1 min ultrasonic treatment. H2O2 (at a specific concentration) was 
then added to the reaction mixture following sonication. From 12 p.m. to 2 p.m., the entire setup 
was put in direct sunshine, and dye solutions were continuously shaken in an orbital shaking device 
(Pamico Technologies) at a speed of shaking that was roughly 150 rpm. Before being subjected to 
sunlight, the solutions were stirred for about 30 min in the dark to reach an equilibrium between 
adsorption and desorption. The dye mixtures were tested after evaluating the photocatalysts' capacity 
for adsorption. For the separation of the composites, 3mL of the solution of dye that had been treated 
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had to be centrifuged following each run. To evaluate the amount of the dye following treatment 
with sunlight irradiation, the treated solution's absorption of dye was determined by a UV-VIS 
spectrophotometer (CECIL CE 7200) at 550 nm (RhB max = 550 nm) wavelength. An empty beaker 
holding a solution of dye was kept in the dark as well as in the sunlight to examine how quickly the 
dye degraded in both the darkness and the presence of light. We calculated the % degradation using 
the following equation (Eq). Following a comparison of treated and untreated dye solutions' 
absorption rates, the percentage degradation was calculated. 

 
Degradation (%) = (1-𝐶𝐶𝑡𝑡

𝐶𝐶𝑜𝑜
) × 100                                                           (2) 

 
However, Cf=final concentration and Co=initial concentration. To test the reusability of the 

catalysts, they were recycled five times, every time in ideal conditions with sunshine and a freshly 
made 10 ppm RhB solution. This was found to assess the cost-effectiveness of PT/Ag-ZnS by 
determining its maximum use. For optimization, these two catalysts (Ag-ZnS and PT/Ag-ZnS) were 
used. 

 
2.5. Kinetics  
For a comprehensive understanding of the reaction process, kinetic studies are crucial. 

Various kinetic models are typically used to describe the kinetics of dye degradation. In the present 
research work, the whole process of RhB degradation was studied by using two kinetic models, 
namely the 1st-order kinetic model Eq. (5) and the 2nd-order kinetic model Eq. (6). For each catalyst, 
the reaction pathway of the degradation of dye was modeled using the most appropriate approach. 

 
𝒍𝒍𝒍𝒍 𝑪𝑪𝒐𝒐

𝑪𝑪𝒕𝒕
= 𝑲𝑲𝟏𝟏𝒕𝒕                                                                             (3) 

 
𝟏𝟏
𝑪𝑪𝒕𝒕
− 𝟏𝟏

𝑪𝑪𝒐𝒐
= 𝑲𝑲𝟐𝟐𝒕𝒕                                                                           (4) 

 
2.6. Response surface methodology (RSM) 
A statistical approach called RSM, which stands for Response Surface Methodology, can be 

used to improve a process such as photocatalytic oxidative decomposition of organic contaminants. 
It combines mathematical and statistical methods to provide a more reliable manner of 
interaction between experimental parameters that can be controlled. By using statistical designs for 
experiments, this methodology aids in the simultaneous modeling of two or more variables. RSM 
can be used to forecast the successful assessment of the model as well as cumulative response. 

The central composite design (CCD)-under RSM was employed in this study. The benefit 
of CCD is that the design provides adequate information with comparatively fewer runs of 
experiments. Providing total cost-efficiency using experiments in this way. The subsequent formula 
was used to execute 20 trials using 8 factorial, 6 axial, as well as 6 central duplicates to establish the 
goodness of fit for the 23 multifactorial CCD using three different variables (dye dose, oxidant dose, 
along with catalyst dose);   

N = 2n + 2n + nc = 23 + 2 × 3 + 6 = 20 
 
whereas, 

N = total no of runs 
n = the number of factors used in runs 

 
pH (A), catalyst dose (B), as well as oxidant dose (C), represented the independent variables, 

and the response factor was the percentage % of RhB degradation. 
Every independent variable had a total of five levels: Xi = 1.68, 1.68, 1.68, and 1.68. For 

interpreting the relationship between each of the three independent variables (oxidant dose, dye 
dose, along catalyst dose), the least square test with a second-order model was chosen, and the 
response variable was % degradations. The second-order model's expression is given below Eq. (6); 
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Y =  β ◦  +  ∑ 𝛃𝛃𝒊𝒊𝑲𝑲
𝒊𝒊=𝟏𝟏 𝑿𝑿𝒊𝒊  +  ∑ 𝛃𝛃𝒊𝒊𝒊𝒊𝑲𝑲

𝒊𝒊=𝟏𝟏 𝑿𝑿𝒊𝒊𝟐𝟐  +  +  ∑ .𝑲𝑲
𝒊𝒊=𝟏𝟏 ∑ 𝛃𝛃𝒊𝒊𝒊𝒊𝑿𝑿𝒊𝒊𝑿𝑿𝒊𝒊

𝑲𝑲
𝒊𝒊≠𝒊𝒊=𝟏𝟏  +  ε                         (5) 

 
Here, Y represents the response factor (i.e., the % degradation), is the numeric coefficient, 

which is i for linear effects, ii for interacting effects, and ii for quadratic effects. Independent k 
variables make up the number "ij," and "epsilon" (ε) denotes random error. Three replicate trials are 
conducted at the center point for the error-free estimation in CCD. Random studies have been carried 
out to reduce the response's confusing variability. utilizing "Design Expert 13.0" software, response 
surfaces including contour plots for RhB dye degradation utilizing PT/Ag-ZnS (1:1) in the specified 
range of conditions were generated. By statistically computing F-values at a probability parameter 
(p) of 0.05 (F-test) as well as goodness of fit (R2), the suitability and reliability of models were 
assessed according to their statistical significance. 

 
 
3. Results and discussion 
 
3.1. Structural and morphological characterizations 
The range of 400–4000 cm −1 has been examined in the FTIR spectrum analysis. The 

findings are displayed in Figure 1a. Shakir et al (2024) reported that different IR active vibration 
modes have been reported, each exhibiting distinct peaks. The measured ZnS peaks are located at 
935 and 679 cm−1. The C=O stretching modes were suggested by the peaks ranging from 1550–1750 
cm−1. The The peaks at 711 cm −1, 787 cm −1, 1192 cm −1, 1316 cm −1 and 1623 cm −1 indicated the 
synthesis of PT. FTIR spectra indicated the successful synthesis of photocatalysts [35, 38].  

 
 

 
 

Fig. 1 (a) FTIR spectrum of ZnS, Ag-ZnS, PT, and PT/Ag-ZnS and (b) XRD spectrum of Ag-ZnS, PT, PT/Ag-
ZnS. [35]. 

 
 
Shakir et al (2024) reported that X-ray diffraction has been used to determine the crystal 

structure and crystalline phase of the prepared materials, as illustrated in Figure 1b.  XRD analysis 
of Ag-doped ZnS showed diffraction peaks at 28.9°, 47.8°, and 56.5° at 2ϴ. These were identified 
as the crystallographic planes of (111), (220) as well as (311), indicating (JCPDS: 01-080-0020) 
[35, 39-41]. The presence of low-intensity wide peaks for the PT indicates that the produced 
polythiophene has an amorphous nature. The Ag-ZnS crystals exhibit a significant peak shifting in 
their planes (111), (220), and (311), from locations of peaks 28.9°–27.6°, 47.8°–46.0°, and 56.5°–
54.8°. This is a result of impurity ions being successfully introduced into the PT backbone  [35]. 

The surface geometries and microscopic details of materials were analyzed in detail using 
several scanning electron microscopy (SEM) resolutions in Figure 2. Figure 2a illustrates the 
irregular geometrical sphere form of Ag-ZnS, which features deeper surface bends. It is anticipated 
that this will improve the specific surface area and make targeted molecule enrichment easier. The 
amorphous composition of PT is indicated by the irregular and macro-granular nonporous structure 
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of the polythiophene in Figure 2b. e [42]. The in-situ integration of Ag-ZnS, as shown in Figure 2c, 
has been demonstrated by the growth Ag-ZnS nanostructures on the PT surface. The composite, 
which was made of Ag-ZnS nanoparticles and fibers of polythiophene, has a structure similar to a 
tangled web and resembles granules having sharp lateral edges [43]. 

 
 

 

 

 
 

Fig. 2. SEM-EDS representation of (a) Ag-ZnS, (b) PT, (c) PT/Ag-ZnS nanocomposite. 
 
 
EDS investigation analysis was used to examine the surface chemical analysis, and 

elemental composition, in addition to the positions of many essential elements, as shown in Figure 
2 (right side). The weight % of each element found in nanocomposites is displayed in an inserted 
table. Ag-ZnS composite's analysis using EDS reveals an appearance of peaks for zinc (Zn), sulfur 
(S), and silver (Ag). Zinc (Zn), sulfur (S), silver (Ag), carbon (C), and oxygen (O) are present in 
PT/Ag-ZnS. Along with other key elements, sulfur is found in PT/Ag-ZnS at 16.14 weight percent 
(wt%), showing the hybrid production of Ag-ZnS with polythiophene. 

 
3.2. Point of zero charges 
The pH "drift technique" was utilized to determine the synthetic composite's point of zero 

charges (Pzc) as described in Figure 3. To get rid of any dissolved carbon dioxide (CO2) a 0.01 M 
solution of sodium chloride was made and heated. The initial pH level of the NaCl solution was 
adjusted by diluting both HCl and NaOH solutions. To get rid of any dissolved CO2, a set of 
five bottles of glass with caps that contained 50 mL of the sodium chloride (NaCl) solution were 
sterilized with N2 gas. Drops of both NaOH or HCl solutions were added as needed to the solutions 
in glass bottles to bring the pHi values to a range of (3–11). Every bottle received 0.10 g of catalyst 
before being sealed and stirred for 24 hrs. in an orbital shaker. The pH of the equilibrium mixture 
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was checked. The intercept at the x-axis of the displayed pH value pHf against pHi represented the 
Pzc readings for the catalyst. 

 
 

 
 

Fig. 3. Point of Zero charge of PT/Ag-ZnS. 
 
 
3.3. Optical analysis 
It was feasible to determine the bandgaps of Ag-ZnS as well as PT/Ag-ZnS using UV-visible 

spectra. Using the suggested formula in Eq. (8), estimations of the catalysts' bandgap energy were 
derived. 

 
(𝑎𝑎ℎ𝜐𝜐)2 = (ℎ𝜐𝜐 − 𝐸𝐸𝐸𝐸)                                                                            (6) 

 
The Ag-ZnS's bandgap is approximately 3.03 eV.  Because of the composite creation with 

polythiophene, the bandgap of PT/Ag-ZnS was lowered from 3.03 eV to 2.6 eV. The bandgap 
shrunk, increasing the efficiency of PT/Ag-ZnS as photocatalytic activity. The high bandgap makes 
it necessary for electrons to be excited more significantly as they transition between the conduction 
band (CB) and the valence band (VB) [44].  

The main reason for the poor photocatalytic efficiency of Ag-ZnS is the broad energy band 
[45]. When comparing the bandgaps of Ag-ZnS with PT/Ag-ZnS, the graph showed that Ag-ZnS 
addition in PT reduced the band gap to (2.6 eV), which increased the photocatalytic properties of 
PT/Ag-ZnS as described in Figure 4. By adjusting the edge flaws and surface modifications of 
implanted polythiophene sheets, The PT/Ag-ZnS efficacy can be easily enhanced by Charge carrier 
transport challenges. Altering the energy levels of associated materials as well as the emergence of 
novel energy levels resulting from the functionalization of groups, ultimately affects the electrical 
characteristics of those materials [46]. In addition, the Ag-ZnS nanocomposites composed of 
polythiophene are said to have extraordinary photodegradation effectiveness in the sun's visible 
spectrum. The existence of PT reduces the bandgap as well as improves the sensitivity to sunlight 
[47]. As separation charge carriers for a longer duration of time, this ultimately suppresses the rate 
of charge-carrier recombination, improving the photostability and efficiency of catalysts [48]. 
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Fig. 4. Estimating bandgap energies using the Tauc plot method and displaying each nanocomposite's UV–
VIS absorption spectrum. 

 
 
3.4. Optimization of parameters affecting the rate of dye degradation  
 
3.4.1. Effect of pH 
The most significant operational variable for influencing the photocatalytic decomposition 

of contaminants over Ag-ZnS and PT/Ag-ZnS composites is pH. The photocatalyst surface and the 
ionization process of the dye are both influenced by the solution's pH. In the range of pH values of 
2 to 9, the impact of pH was investigated. Other variables were held constant while evaluating the 
impact of pH on RhB breakdown. According to research, RhB degradation was shown to be more 
pronounced at pH 7 for Ag-ZnS and pH 4 for PT-Ag/Zn composite materials.  

Dye was degraded by Ag-ZnS in acidic conditions (83%), basic conditions (76%), and pH 
7, where it degraded by a percentage of 85% as showin in Figure 5a. For PT/Ag-ZnS, the 
% degradation was 89% under acidic environments, 73% under basic circumstances, and 94% at pH 
4 conditions. A greater amount of adsorption effectively influenced RhB's photocatalysis during the 
dye degradation mechanism. The surface of the photocatalyst and the pH of the solution have a 
significant impact on adsorption. For example, a basic or acidic pH causes the photocatalyst 
surface to protonate or deprotonate Protonated sites that are active on a substance called 
photocatalyst surface are responsible for the lower pH. Additionally, RhB is a cationic dye. Figure 
5b depicts the breakdown of RhB; the findings show that the surface of the catalyst is negatively 
charged at a higher pH level and positively charged at a lower pH [49]. 

For instance, the mixture is highly charged with H+ ions at a pH of only 3, which would 
combine with hydroxyl radicals to form H2O thus lowering the value for the amount of OH Eq. (9) 

 
𝐻𝐻𝐻𝐻. + 𝐻𝐻+ + 𝐹𝐹− → 𝐻𝐻2𝐻𝐻                                                                (7) 

 
However, the Fenton-like process of reaction in the solution is responsible for the catalysts' 

reported degradation around acidic pH levels [50]. By interacting with hydroxyl ions, this causes 
the creation of additional hydroxyl radicles. Increased photocatalytic RhB degradation is achieved 
as a result of suppressing the recombination of species that are charged [51]. It was discovered that 
the photocatalytic breakdown of RhB was negatively impacted by pH values exceeding 7 for Ag-
ZnS and pH levels more than 4 for PT/Ag-ZnS. The OH radicals combine to create hydrogen 
peroxide at greater values of pH that are not optimal, therefore RhB cannot be oxidatively degraded 
at those pH levels depicted in Eq. (10) [50]. 

 
𝐻𝐻𝐻𝐻. + 𝐻𝐻𝐻𝐻. → 𝐻𝐻2𝐻𝐻2                                                                      (8) 

 
The electrostatic attraction between molecules of substrate and the "active" areas of 

composites can be used to explain how pH affects photooxidation effectiveness. The interaction was 
predicted to increase the likelihood that the resultant hydroxyl radicle would come into contact with 



903 
 
molecules of Dye [52]. According to conventional wisdom, the overall degradation reaction will 
either be accelerated or suppressed depending on the dominant factors, and they might be attractive 
or repelling. The type of contact was governed by the intrinsic characteristics of the polymer. The 
amine (NH2) group functions as both an electron donor as well as an exchange of cations in a 
chemical interaction. Additionally, conducting polymers are capable of nonpolar associations [49]. 

 
 

 

 

 
 

Fig. 5. Optimization of various operating parameters (a) pH, (b) catalyst dose, (c) H2O2 dose, (d) dye 
concentration, (e) reaction time, and (f) Spectral Scans concerning degradation time. 

 
 
3.4.2. Effect of photocatalyst concentration 
The amount of surface area of catalysts has a significant impact on their catalytic 

effectiveness. The proper amount of catalyst must be chosen as a result to maximize degrading 
efficiency. For Ag-ZnS and PT/Ag-ZnS, the influence of different catalyst doses (10–100 mg/100 
mL) on degradation effectiveness has been studied under the optimal conditions of pH (4,7), oxidant 
dose (10 mM), as well as reaction time (90 min). Decreased efficiency of degradation was seen for 
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the level of catalyst employed in the process of degradation, as shown in Figure 5b. However, as the 
catalyst dosage was increased, the rate of degradation accelerated (i.e., at 30 mg/100 mL for Ag-ZnS 
and 30 mg/100 mL for PT/Ag-ZnS: Figure 5b because there were more effective and sufficient active 
sites available. On the other hand, with an additional rise in the c feed of catalyst over 3 mg/100 mL 
for Ag-ZnS and PT/Ag-ZnS, a drop in degrading efficiency was observed. The aggregation of the 
catalyst, which caused stacking of nanoparticles over each other, resulting in them being less 
available to be used for adsorption, resulting in the photocatalytic decomposition of dye, was 
suggested as the potential cause of the drop in degradation efficacy. Additionally, the high catalyst 
concentration may result in the dispersion of UV radiation. Therefore, it was hypothesized that 
decreased sunlight penetration was to blame for the decline in UV-assisted HO. radical production, 
which in turn led to decreased dye degradation [53, 54]. 

 
3.4.3. Effect of oxidant dose 
When examining how different organic contaminants respond to photocatalytic 

decomposition, an oxidant plays a significant role. Dye degradation is facilitated by a suitable 
catalyst-to-oxidant ratio. Therefore, to achieve the highest dye degradation while maintaining the 
other factors constant, a wide range of the concentrations of hydrogen peroxide (H2O2; 1-20 mM) as 
an oxidizing agent was used in Figure 5c.  

Catalysts are made more effective for the degradation of organic dyes by a radical called 
hydroxyl (HO.). As H2O2 is required for capturing electrons for the production of radicals with 
hydroxyl groups, RhB degradation often happens after its addition [55]. This HO.radical production 
accelerates the breakdown of the dye RhB as it binds to the catalyst surface. When accepting 
electrons from the CB that produces HO., a crucial active species for the degradation process, new 
active sites are simultaneously created [56]. 

 
𝐻𝐻2𝐻𝐻2 + 𝐻𝐻2.− → 𝐻𝐻𝐻𝐻− + 𝐻𝐻𝐻𝐻. + 𝐻𝐻2                                                            (9) 

 
𝐻𝐻2𝐻𝐻2 + 𝐹𝐹−(𝐶𝐶𝐶𝐶) → 𝐻𝐻𝐻𝐻. + 𝐻𝐻𝐻𝐻.                                                           (10) 

 
 
According to the results, maximal degradation was attained at H2O2 concentrations of 3 mM 

for Ag-ZnS and 10 mM for PT/Ag-ZnS. Degradation efficiency was found to decrease both below 
and above the optimal value. It was hypothesized that the low oxidant concentrations (1-8 mM for 
Ag-ZnS and PT/Ag-ZnS) did not produce enough OH radicals to fully degrade RhB. By raising the 
oxidant quantity, greater degradation was seen, reaching its maximum value (>80%) for Ag-ZnS at 
10 mM and its maximum value (94%) for PT/Ag-ZnS at 10 mM too. However, as H2O2 
concentration increased, the effectiveness of photocatalytic breakdown decreased. The coupling of 
OH and HO.radicals caused a decrease in degrading efficiency, which oxidizing species deactivation. 
Moreover, the higher amount of OH∙ either competes with the adsorption of dye molecules [57]. 

 
𝐻𝐻2𝐻𝐻2 + 𝐻𝐻𝐻𝐻. → 𝐻𝐻2𝐻𝐻 + 𝐻𝐻𝐻𝐻𝐻𝐻.                                                             (11) 

 
𝐻𝐻𝐻𝐻𝐻𝐻. + 𝐻𝐻𝐻𝐻. → 𝐻𝐻2𝐻𝐻 + 𝐻𝐻2                                                               (12) 

 
3.4.4. Effect of dye concentration 
The amount of dye that has been adsorbed upon the surface of the catalyst has a significant 

impact on how much dye is degraded. All other parameters, meanwhile, were maintained at their 
ideal values. One of the primary influencing variables for dye degradation is the impact of various 
starting dye concentrations on its photocatalytic breakdown. As can be seen in Figure 5d, the rate 
for degradation increased gradually with a high starting RhB concentration before stabilizing. The 
initial dye concentration ranged between 2 and 20 ppm/100 mL, Ag-ZnS and PT/Ag-ZnS showed 
the best degradation at 10 ppm/100 mL, with 85% and 94%, respectively. Further rises in 
concentration had an inhibiting effect on the degradation process. The following result could be 
explained by the fact that the active site saturation brought on by the adsorption of molecules of the 
substrate is reducing the production of activated radicles.  
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Another potential for minimal degradation at elevated B concentrations is the creation of 
several chemical intermediates, some of which remain around the catalyst's surface for a 
considerable amount of time. Minimal interaction among reactive species and new RhB molecules 
occurs as a result. Increased dye molecule concentrations and the resulting intermediates capture 
more photons throughout the reaction period and reduce the number of photons available for catalyst 
stimulation. Surface-initiated freely reactive radicles that would otherwise degrade RhB are 
prevented from forming by a complete saturation of the surface by molecules of a reactant or 
produced as intermediates through adsorption/sheer agglomeration in the immediate region. Because 
of this, the ideal concentration in the current circumstance is only helpful when certain experimental 
conditions are satisfied [58]. 

 
3.4.5. Effect of irradiation time 
The most important aspect in influencing the photocatalyst's degradation activity was the 

irradiation time. The original dye quantity, catalyst dose, oxidant dosage, along pH had been kept 
constant throughout time optimization. The Ag-ZnS as well as PT/Ag-ZnS photocatalysts were used 
in the present study. The Ag-ZnS photocatalyst displayed 85% after 90 minutes, while PT/Ag-ZnS 
displayed 94%, respectively Figure 5e. The RhB degradation scans concerning time are presented 
in Figure 5f. The increased charge carrier production generated by visible irradiations has been 
credited for enhanced catalytic degradation. A common photocatalytic process produces an e-/h+ pair 
at a certain source of radiation (sunlight) with energy equivalent to or higher than the photocatalyst's 
bandgap energy. Furthermore, it lessens the electron-hole pair's tendency to recombine. For sunlight, 
the LUX meter recorded light levels between 98,000 ± 2000 lx. 

 
3.4.6. Reusability/stability 
The analysis of the stability of the photocatalyst materials has been completed up to four 

subsequent cycles of reusability under optimal conditions and is shown in Figure 6a. After the 
process of reaction was completed under ideal circumstances, the used photocatalyst was recovered 
via centrifugation, cleaned, and dried in an oven before being reused. It was measured how much 
was left over. The photocatalytic composite was isolated and employed under the same 
circumstances after each cycle. After five times of reuse, the catalyst recovery yield slightly falls (by 
about 11%), whereas the percentage degradation for Ag-ZnS and PT/Ag-ZnS decreases from 85% 
to 54% and 94% to 77 correspondingly. The blocking or deactivation of more than one active site 
may be the reason for the decreased degradation of photocatalytic efficiency, changing the physical 
and chemical characteristics of the catalysts. The aggregation of byproducts on the surface of the 
photocatalyst that restricts the active sites was unexpectedly linked to the decreased efficiency of 
the catalyst after repeated treatment. After each run, a steadily declining activity of the 
photocatalyst was observed.  

After being reprocessed five times, the composite still had photocatalytic activity. This 
demonstrates the photocatalyst's strong stability along with reusability. Minimal leaching during the 
reaction medium's phase transition from solid phase to liquid phase is a requirement for the stability 
of metal-based catalysts in the treatment of wastewater. As a result, Atomic Absorption Spectroscopy 
(AAS) was used to evaluate the leaching of Zn for the PT/Ag-ZnS catalyst after five cycles. AAS 
analysis results in little Zn leaching (0.5 mg/L), ensuring good catalyst stability. Directives from the 
European Union state that the Zn value should not be higher than 5.0 mg/L. The Zn leaching value 
in the current investigation is significantly lower than the EU Directives. After five reusability 
cycles, materials modestly reduced photocatalytic degradation efficiency may be attributable to the 
blocking and/or reduction in the total number of functioning sites caused by repeated use. 
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Fig. 6. Reusability Cycle (a) Scavengers activity (b) and Toxicity analysis (c). 
 
 
3.4.7. Radical scavenging experiment  
The existence of active species radicles which are significant in photocatalysis was 

examined using various scavengers. With the incorporation of catalyst to RhB, tests for radical 
scavenging have been conducted under ideal conditions for pH, catalyst dosage, dye concentration, 
oxidant quantity, and time duration. Different scavengers, including potassium dichromate 
(K2Cr2O7) for electron (e), dimethyl sulfoxide (DMSO) for hydroxyl radicals (HO.), ascorbic acid 
(AA) for superoxide radicals (O2 •), using a hole (h+) scavenger called disodium ethylene diamine 
tetraacetate (EDTA-2Na), have been included to the reaction the mixture for this prospect 5 mM of 
scavenger was added to a dye mixture as part of the experiment. The solution was then held when 
there was light that could be seen, and a variation in the concentration of RhB was seen at a 
wavelength of 550 nm. According to Figure 6b, the sequence of reduced photocatalytic efficiency 
following the addition of scavengers to the reaction medium is DMSO> EDTA>AA>K2Cr2O7>no 
scavenger. The fact that DMSO significantly hindered RhB's photocatalysis suggests that the 
hydroxyl ion (HO.) for PT/Ag-ZnS was the primary source of the degradation process. After DMSO, 
EDTA significantly reduced degradation, showing that holes (h+) played a significant role in a 
chemical system. A smaller degree than in the situation of K2Cr2O7, the decomposition of dye is also 
prevented by the incorporation of ascorbic acid (AA) to provide superoxide radical (O2

•). Using the 
results of this test, a potential RhB's mechanism for increased photocatalysis PT/Ag-ZnS is displayed 
in Figure 7[59].  

Results showed that PT is primarily responsible for the composite's improved performance. 
It offers increased adsorption capacity, electrical conductivity, as well as active sites for the process 
of adsorption. In a catalyst, the valance band (VB) towards the conduction band (CB) transition of 
the electrons was activated. The photoexcited electrons were quickly collected and transported to 
the surface by polythiophene's strong electronic conductivity, which effectively prevented the 
resulting recombination of charges and caused the holes and electrons to generate extremely 
hydroxyl ions that are reactive. For degradation, PT/Ag-ZnS nanocomposite is an excellent and 
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efficient photocatalyst material of dye as a result of the synergistic effects of adsorption as well as 
photocatalysis. 

 
3.4.8. Wastewater treatment for reuse and toxicity analysis 
Gardening, irrigation of outdoor areas, and irrigation of crops are only a few uses for the 

wastewater that has undergone either primary as well as secondary treatment. The organic 
contaminants are converted to CO2 during the oxidation procedures used for treating wastewater, 
and water can then be used for restoring surface freshwater. Because of environmental and societal 
factors, it is becoming common to grow edible crops utilizing wastewater that has been treated using 
sunlight-active composites [60]. It is critical to establish the effectiveness of the dye-
contaminated treatment of wastewater method using conductive polymer nanocomposite under 
sunlight. This is dependent on the type of by-products that are created. The most fragile wheat crop 
seeds were treated with RhB-treated water using PT/Ag-ZnS for this purpose.  Seeds with filter 
papers and glass caps were soaked in the 10 mL processed RhB dye water. For 24 hours, the Petri 
plates had been kept at ambient temperature. As can be shown in Figure 6c, the wheat seeds exhibited 
significant germination. Additionally, utilizing the RhB-treated wastewater did not cause the seeds 
to become black, indicating the water is safe to be utilized for the irrigation of crops [61, 62]. 

 
3.5. Proposed charge transfer mechanism via PT/Ag-ZnS 
An outline diagram showing the decomposition of RhB dye caused by photogenerated 

charge carrier/transformation is depicted in Figure 7. The radicals called hydroxyl along with holes 
that are thought to play important functions in the dye the degradation process is the basis for the 
proposed mechanism. Based on the information we comprehend, the electrons and holes responsible 
for the photodegradation mechanism are created when greater amounts of light are absorbed than 
bandgap electrons, along with holes are generated that cause the degradation procedure to start and 
are created immediately as the surface of the composite is irradiated with energy. 

The lowest as well as highest unoccupied molecular orbitals (LUMO and HUMO, 
respectively) in PT are positioned at EVB = -3.12 and ECB = -5.20 eV [63]. Compared to ZnS, the 
energy levels associated with PT tend to be more negative. When exposed to light, the HOMO of 
PT's electrons moved to the LUMO, rendering holes left behind. The conduction band (CB) of ZnS 
absorbed these photogenerated electrons. By absorbing electrons that escape from the CB of ZnS, 
doping of ZnS with Ag enhances the prevention of electron/hole pair recombination in ZnS. The 
conversion of oxygen to superoxide radicles is aided by these electrons. In the meantime, water 
along with the holes in ZnS's valence band (VB) combine to form hydroxyl radicles [64]. The 
following factors may be responsible for the increased photocatalytic efficiency of the PT/Ag-ZnS 
composite. First of all, Ag doping enhances ZnS's charge separation.  

The second step is the efficient transmission of electrons from PT's LUMO to ZnS and then 
to Ag is the result of the energy bands of PT and ZnS working well together. Thirdly, the PT's 
conjugated structure allows it to speed up the transfer of holes [65]. On the fourth no when Ag-ZnS 
and PT are combined, the active sites (particularly surface area) expand, resulting in better pollutant 
adsorption and photocatalysis. Additionally, when dye molecules are excited by light, an electron is 
transferred to a photocatalyst, which then reacts with a schematic oxygen molecule that forms O.− 2  
along with other active radicals during the oxidation process [66]. Last, but not least, the lower band 
gap of PT, which is 2 eV, encourages the electrons to move to the larger band gap of Ag-ZnS, which 
is 3.03 eV, in the proper order, degrading dye molecules by radical generation method via oxidation 
as well as reduction process [38].  

 
PT − Ag − ZnS +  hv → PT(e−(CB) + h+(VB)) + 𝐴𝐴𝐸𝐸/𝑍𝑍𝑍𝑍𝑆𝑆�e−(CB) + h+(VB)�                 (13) 

 
PT(e−(CB) + h+(VB)) + 𝐴𝐴𝐸𝐸/𝑍𝑍𝑍𝑍𝑆𝑆�e−(CB) + h+(VB)� → PT(h+(VB)) + 𝐴𝐴𝐸𝐸/𝑍𝑍𝑍𝑍𝑆𝑆�e−(CB)�   (14) 

 
e− + O2 → O2

.−                                                                  (15) 
 

h+ + HO− → HO.                                                                (16) 
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HO. + RhB dye → CO2 + H2O                                                    (17) 

 
 

Fig. 7. Schematic diagram of the proposed mechanism of PT/Ag-ZnS composite on RhB Dye. 
 
 
3.6. Kinetics of photodegradation reaction  
Using the experimental data, first- and second-order kinetic models were used to investigate 

the RhB degradation kinetics [67, 68]. A straight-line relationship between "t" and "ln Co/Ct" is seen 
in Figure 8. Table 1illustrates that the first-order kinetics model is superior to the second-order model 
for simulating the process of photocatalytic degradation since it exhibits a greater value for Adj R2. 

Here, The initial dye solution concentration at time zero was denoted by "Co," while the 
precise time represented by "t" was indicated by "Ct." [69].“K1” as well as“K2” are the rate constants 
of 1st order and 2nd order reactions. The plot of time vs ln (Ct/Co) showed a straight-line result. The 
value of k was examined utilizing a 1st-order slope. In PT/Ag-ZnS the anchoring of Silver into ZnS 
and combining it with PT increased degradation activity as indicated by a high Adjusted R-square 
value. 

 
Table 1. Kinetic parameters of 1st order kinetics and 2nd order kinetics. 

 
 1st-order reaction kinetics 2nd order reaction kinetics 
Adj. R-square 0.98 0.84 
Intercept -0.78102 ± 0.06303 -3.28338 ± 1.34821 
Slope 0.01244 ± 0.00134 0.15886 ± 0.02396 

 
 

 
 

Fig. 8. Reaction kinetics (a) pseudo-1st order, (b) 2nd-order kinetic model of Ag-ZnS, PT/Ag-ZnS. 
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3.7. Response surface methodology  
The Response Surface Methodology (RSM) is groundbreaking in the optimization 

of several elements involved in the photocatalytic decomposition process. The Central Composite 
Design (CCD) methodology was employed as part of this research to look at how different factors 
affected how quickly Rhodamine B decayed. The management of independent elements, such as pH, 
oxidant dosage, and catalyst quantity, was made possible through the usage of Central Composite 
Design (CCD), which allowed for the greatest amount of decomposition (the value associated with 
the response variable). 

 
3.7.1. Analysis of variance (ANOVA)  
The model's fit summary plot clearly shows how much the used model affects the variables 

that have been optimized. The highly significant predictive potential of the model is also 
demonstrated by its higher R2 value (Table 2). It was found that there exists a strong correlation 
between variables including pH, oxidant dosage, catalyst quantity, and the degree of degradation 
whenever a quadratic formula was applied. The relationship between the components mentioned 
above and the percentage of RhB dye that deteriorated was examined using the second-order 
polynomial relationship Eq. 25. Here, Y stands for the dependent variable's response (% 
degradation), β ◦is a coefficient with a specific value, i is a linear coefficient, and ii is a quadratic 
coefficient. In contrast, it is used to denote the coefficient value for interaction effects. Additionally, 
xi and xj indicate coded readings for independent factors, while ε stands for random error. 

 
Y = β ◦ +  ∑ 𝛃𝛃𝒊𝒊𝑲𝑲

𝒊𝒊=𝟏𝟏 𝑿𝑿𝒊𝒊 + ∑ 𝛃𝛃𝒊𝒊𝒊𝒊𝑲𝑲
𝒊𝒊=𝟏𝟏 𝑿𝑿𝒊𝒊𝟐𝟐 + +  ∑ .𝑲𝑲

𝒊𝒊=𝟏𝟏 ∑ 𝛃𝛃𝒊𝒊𝒊𝒊𝑿𝑿𝒊𝒊𝑿𝑿𝒊𝒊
𝑲𝑲
𝒊𝒊≠𝒊𝒊=𝟏𝟏  + ε                                   (25) 

 
Lack of ft along with regression analysis determines the model ft for specific information. 

The P-value informs us whether a variable is significant or not. The model is no longer significant 
if p>0.1000, however, it is still significant if p <0.0001. 

 
Y = 94.01+ 2.31 ∗ A + −0.8820 ∗ B – 0.0732 ∗ C – 1.63 ∗ AB + 1.62 ∗ AC + 0.1250 ∗ BC + − 4.11∗ A2 + − 

1.29 ∗ B2 + − 4.64 ∗ C2 
(26) 

 
The quantities of the oxidant, pH, and catalyst, respectively. A2, B2, and C2 show quadratic 

effects, while AB, AC, and BC show a straight-line relationship among independent variables. 
Figure 9a depicts the effects of altering the pH and catalyst concentration. The association between 
the variables is shown on a three-dimensional display as well as a contour map. The study was 
carried out using a catalyst dosage of 10-100 mg/100 mL and a pH value range of 2-9. The 
degradation rate increases from 2 to 9 pH levels, reaching a high at 4 pH before declining. At pH 4, 
Fenton-like processes are what cause the most dye degradation. 
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Table 2. Analysis of variance (ANOVA)Table for RhB degradation using PT/Ag-ZnS. 
 

Source Sum of squares Df Mean square F-value P-value  

Model 634.24 9 70.47 57.24 < 0.0001 significant 
A-pH 72.65 1 72.65 59.02 < 0.0001  
B-catalyst dose 10.62 1 10.62 8.63 0.0148  
C-Time 0.0732 1 0.0732 0.0595 0.8123  
AB 21.13 1 21.13 17.16 0.0020  
AC 21.12 1 21.12 17.16 0.0020  
BC 0.1250 1 0.1250 0.1015 0.7565  
A2 243.85 1 243.85 198.08 < 0.0001  
B2 23.80 1 23.80 19.33 0.0013  
C2 310.78 1 310.78 252.45 < 0.0001  
Residual 12.31 10 1.23    
Lack of fit 12.31 5 2.46    
Pure error 0.0000 5 0.0000    
Cor. Total 646.55 19     
Std. dev. 1.11  R2 0.9810   
Mean 87.15  Adjusted R2 0.9638   
C.V. % 1.27  Predicted R2 0.8478   
   Model precision 19.7738   
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Between 10 and 30 mg/100 mL of concentration of catalyst was also improved in the 
photocatalytic decomposition of RhB. Maximum Decomposition was reached after 30 mg and no 
significant changes have been noticed. The reason for this enhancement is that the greater photocatalyst 
surface area provides more dye adsorption sites. Nanoparticle coagulation and subsequent blockage of 
active sites happen with higher catalyst concentrations. As a result, when exposed to sunshine, a 
photocatalyst destroys an object more slowly.  

 

 

 

 
 

Fig. 9. 3D and contour plots of (a) pH and catalysts conc., (b)Oxidant and Catalyst dose, 
 (c)Oxidant dose and pH. 

 
 
In Figure 9b, the catalyst and oxidant dose are depicted.  The optimum oxidant dose ranged 

from 1 mM to 20 mM, with 10 mM showing the highest degradation. Increasing the catalyst 
concentration did not further accelerate degradation. The combination of OH∙− OH∙, which caused the 
oxidizing entity to become inactive, was linked to the drop in degrading efficiency. Additionally, the dye 
molecules may have competition for adsorption due to the excessive amount of   OH∙. 
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Five confirmation experiments were carried out by RSM under the ideal environment to verify 
the conclusions drawn using the CCD statistical analysis. The computer generated a total of five 
alternatives for ideal conditions by suitability requirements. The viability of experimental statistical 
approaches for experimental data was then validated by choosing one methodology for additional 
experiments. Oxidant concentration of 10 mM/100 mL, catalyst dose of 30 mg /100mL, and pH 4 were 
the ideal conditions for degradation.  The average rate of degradation proved to be 94%. The 
experimental decomposition of dye values was thought to be extremely near to the RSM-predicted 
value. These results demonstrate the predictability of the dye degradation model in an experimental 
environment [70]. 

 
 

4. Conclusion 
 
Wastewater treatment ensures that access to clean water is recycled for the sustainable growth 

of the ecosystem on Earth. This research project revealed the potential of PT/Ag-ZnS nanocomposite to 
clean the RhB-contaminated water up to 94% greater than binary composite. The % degradation 
effectiveness resulted in the incorporation of polythiophene in Ag-ZnS composite that enhanced the 
physiochemical properties to elevated promising levels. The electrical conductivity of PT leads to the 
mobility of charges due to π- conjugation resulting in a desired candidate for photocatalysis as PT/Ag-
ZnS catalyst due to enhanced reaction kinetics because of functionalities like doping of silver in Zns 
and its integrated structural composition. Response surface methodology (RSM) shows best fit up to 
98% of the model. Kinetics fits the model to a 1st-order significant model. Concluding remarks predicted 
the enhanced % degradation of up to 94 % of dye in wastewater with Zn-leaching 0.5mg/L in water as 
safe water for irrigation purposes.  
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