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Abstract: - The structural and ecological functions and the physical environment factor for the surroundings are 
used to compare the interrelated components to manage the boundaries and the terrestrial aspect of the aquatic 
systems. The problem of freshwater contamination can be evaluated to produce the marine ecosystem, and the 
marine ecosystem can be elaborated. By changing the chemical and biological characteristics, the water purity 
and the components of the water can be evaluated. The materials used in the research are MnWO4 / g-C3N4, 

BiVO4 / g-C3N4, ZnWO4 / g-C3N4, and CuWO4 / g-C3N4 used to obtain the 4-chlorophenol (4-CP), and 
Rhodamine B (RhB) by using the Photocatalytic Mechanism, the method of Hybrid Stochastic geometry. It 
consists of an Enhanced Reaction and Diffusion mathematical statement that can be proposed for dissolving 
oxygen using the Combined Phase Space Method equations. This study focused on modeling a time series on a 
suspension matter using the Bayesian Structural Time Series technique (BSTS). The statistical results were 
based on simulation procedures that employed the Kalman filter and the Monte Carlo Markov Chain (MCMC). 
The nutrients that tend to the 0 contractions in the study produce the eutrophication of the incorporating that 
can be managed in the population, and the recycling of the Photocatalytic chemicals was evaluated. 
Maintaining the standard model for the pollution on the surface of the water and modeling the ecosystem can be 
done to elaborate the surface of the water mode. 
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Geometry, Phase Space Method, Time Series Technique. 
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1  Introduction 
In the world, clean water is at high risk. The 
pollution of the coastal areas and seas poses. The 
aquatic ecosystem makes the representative and the 
society which enables the mathematical models and 
the continental scale, which allows the multi-
pollutant modeling and the multiple impacts of the 
various types of the new generations of the 
integration of the water and the pollutions which 
enables the exposure and the integration of the water 
quality and the assessment of the quality issues. The 
aquatic ecosystem manages the new generations, 
and the multiple impacts of the quality issues will 
maintain the explicit factor for the pollutant 
factorization of the coastal areas can be done in the 
aquatic ecosystem. Also, the process of multiple 
pollutants and the combination of the exposure and 
the issues in the water quality can happen in the 
global continental model for the quality 
assessments. To focus on the quality of the services 

and the water quantity, which enables the 
sustainable factor for the development of the goals 
and the threat of the water quantity can be evaluated 
based on the hypoxia for human health. The water 
surfaces can be elaborated during the multiple 
impacts of the pollutants. Human activities enable 
the use of plastic chemicals, and the management of 
the contaminants and the needs and nutrients of the 
open defecation for the water's surface can be 
evaluated. So, the primary source of agriculture can 
be assessed by the recovery and the regional 
differences, which enables the cause of the surface 
water and the excretion of the water in the 
environmental factorization, which elaborates the 
continental analysis. In this novel, the decision, 
which is based on the exercises and the pollutants of 
the water, can be evaluated for the multiple 
contaminants and the abovementioned pollutant, 
which enables the first modeling of the biological 
factor of the water to be considered for the 
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environmental factors can be done in the regions. 
The modeling of the water pollutants can be 
evaluated, [1]. The comprehensive and integrated 
factors for the multi pollutants and the pathogens 
that enable the antibodies and changes in the river 
temperature, which enables the nutrients and the 
pathogens of the nanomaterials for several reasons, 
can be evaluated for the model of multi pollutants. 
The pollution made by the environment and humans 
can be assessed, which makes the particular factor 
for the river temperature and the exact address 
which manages the nanomaterials and the 
completion of the quality in the variables, and the 
water pollution surfaces can be evaluated for the 
nutrients, [2]. The pathogens and the flow of the 
climatic changes can be assessed. The ecosystem, 
types of ecosystem, and the surface structure of the 
environmental pollution can be evaluated for the 
harmful biotic components and the pollutants that 
enable the environmental carbon monoxide to 
produce sulfur and gaseous pollution in the water. 
The contribution of this study is as follows: 

1. The proliferation of pollutants in the surface 
water ecosystem may be assessed and 
resolved by using mathematical modelling 
that captures the essence of the impacts of 
pollution depending on favourable 
conditions.  

2. The Stochastic geometry, Reaction and 
Diffusion, Phase Space Method, and Time 
Series technique model can be evaluated to 
enable the reduction of Pollutants in the 
Surface Water Ecosystem, which will 
produce stability in the environment and 
reduce pollution. 
 
 

2  Literature Review 
The surface water in the countries of Asia, which 
focuses on the pollution of risk, and the perspectives 
of the risks in the future can be evaluated, [3]. Also, 
the water in East Asia can be detected with more 
antibodies, and this is the review in the water, as 
well as the aquaculture, and the urban area evolves 
the surface of the water. The water humidity can be 
evaluated in urban areas. Also, the regional 
monitoring of the environmental guidelines for the 
antibodies is a need in this study is proposed. Also, 
by implementing this in the currently proposed 
system, regional tracking can be done in the future. 

According to the ecological and health risk 
evaluation research, the 10 trace elements in surface 
water may be used to assess the ecological and 
health risk factors for fish breeding in terms of the 
noncarcinogenic risk, [4]. The trace elements for 

analyzing the metal toxicity can be elaborated. Also, 
the process of carcinogenic risk for the adults and 
children who enable the properties and the dry 
season which produces the collection of the metal 
society can be elaborated. By involving this in the 
currently proposed system, the water sample can 
also be evaluated in the culture. 

Implementing emerging pollutants and 
endocrine disruptors system, the sensitive online 
solid phase extraction, and the development of the 
assessing occurrence mange's biological 
significance can be evaluated. The groundwater 
flow for the relevance and the regulatory nutrients 
for encouraging the municipal factorization and the 
population areas can be assessed for the water 
ecosystem. The distribution of endocrine and 
pharmaceuticals and the production of aquatic and 
municipal wastewater factorization can be 
elaborated using the contaminations and the rich 
collection of municipal care products to encourage 
South Florida, [5]. 

Identify and manage the procedure of surface 
water contamination Expanding businesses may 
promote highly speculative pollution, according to a 
research by treatment methods for wastewater, the 
microorganisms can help identify the origins of the 
most prevalent wastewater discharges [6]. The 
understanding of the treatment methods for 
wastewater can be elaborated. Maintaining harmful 
pollutants and the most common water quality 
discharge can be analyzed using stemming 
pollution. By implementing this in the currently 
proposed system, the wastewater can be evaluated 
using the suspectable factorization in human 
activities. 

In Environmental regulation, pollution reduction 
and green innovation research  discussed about how 
environmental management of pollution and green 
innovation contribute to China's ecological 
civilization by reducing urban and water pollution 
emissions. These environmental parameters for 
pollutant emission in Chinese water were 
implemented using the population-based analytical 
framework, [7]. The significant regional population 
for the water environmental civilization and the 
difference in the integration of the natural 
experiments and the pollution index enables the 
result that shows the regional difference model for 
the unified analytical factorization to be evaluated. 
And the policy of the WECCP regional solution can 
be assessed. 

The water quality assessment research examined 
the complicated indicators of water quality and the 
southern surface water of the Bug River basin, [8]. 
The process of managing the water quality 
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assessment and the southern river bug for finding 
the basin in the regions is identified by the potential 
and the capability of the needs and the 
environmental risks for enveloping the operations 
and the increase in the urination and the water 
quality is produced for the southern bug river. The 
water is tested for the surface river system to make 
recommendations for the environments and the 
cultural and statistical factors that envelop the 
energy complexes. The surface water quality under 
the complex indices is done by implementing this in 
the currently proposed system. 

 
 

3 Proposed Four Photocatalytic 

 System 
Industrial (waste)water contains hazards that induce 
danger to the environment. Numerous dyes are used 
in industrial, textile, and various business sectors. 
Various advanced evocation kinds of research are 
created, like coagulation, adsorption, extraction, and 
chemical oxidation process, and visible-light 
photocatalysts as a stable and efficient method for 
toxic pollutant degradation, [9]. This research 
synthesized hybrid heterojunction photocatalysts of 
various nanomaterials such as MnWO4, CuWO4, 
and ZnWO4. Graphitic carbon nitride is a 
semiconductor material that improves the charge 
partition efficiency under visible light owing to 
energy gap, high thermal, and stability. Each 
nanoparticle is degraded with tungstate nanorods via 
the facile hydrothermal method. The Bayesian 
Structural Time Series technique was used for all 
photocatalysts to determine the time rate of 
pollutants' degradation. The resulting 
heterostructure shows excellent performance in 
degrading toxic, stable pollutants such as rhodamine 
B (RhB) and para-chlorophenol (4-CP). Because of 
the heterojunction photocatalyst simple preparation 
method and excellent photocatalytic performance, it 
has great potential for addressing environmental 
issues. Materials and Methods: All the chemicals 
are used directly with purity. The materials used in 
the below research are sodium tungstate, manganese 
sulfate, Zinc nitride, Bismuth nitrate pentahydrate, 
and venadylacetonate, which are chemicals used to 
obtain the 4-chlorophenol (4-CP) and Rhodamine B 
(RhB) dyes, [10]. 
 
3.1 Synthesis of MnWO4 / g-C3N4 

 Nanomaterial 
The nanoparticles/nanocomposites are prepared by 
using the facile hydrothermal route method. 
Initially, the manganese sulfate and sodium 

tungstate are taken with a ratio of 1:2 that is reduced 
to a liquid form by adding 50 ml of deionized water 
with the help of a 100 ml beaker. This matter was 
heated to gain a homogeneous mixture and 
maintained at 120oC for 24 hours in a Teflon-line 
autoclave. Bare g-C3N4 was synthesized from the 
annealing for 2 hours at 400oC in an environment. 
To disseminate g-C3N4, graphitic carbon nitride 
was Putin to the methanol and ultrasonically stirred 
for 1 hour. Then MnWO4 was successfully mixed 
into a solution, stirred for 24 hours, dried at 100oC 
overnight, and then heated to 300oC for 2 hours. 
Finally, the nanomaterial has a different ratio of g-
C3N4 to MnWO4. The weighted ratio of the 
materials is 1:1, 2:1, and 3:1. These material 
samples are labeled GMW1, GMW2, and GMW3, 
[11]. 
 
3.1.1  Photocatalytic Setup  

The visible-light photocatalysts are a stable and 
efficient method for degrading toxic pollutants such 
as 4-chlorophenol (4-CP) and Rhodamine B (RhB). 
Here, we use a light source, XQ-500W, with an 
intensity of 40mW/cm2 of Xenon lamp that aims to 
activate the irradiation process in photocatalytic. An 
experiment setup is covered with a photo-reactor of 
500ml capacity with 20×15cm height and 
dimension. The below procedure is repeated for 
every two dyes, [12]. At first, the 10 mg catalyst 
powder was mixed with 50 ml dyes, stirring for 30 
minutes to achieve the adsorption-desorption 
equality. Then, the UV- vis NIR spectrometer 
observed the ability of 4-chlorophenol (4-CP) and 
Rhodamine B (RhB) absorption at a bandwidth of 
220nm and 540nm, respectively. The activation time 
of the time source varied from 0- 100 min, with the 
optimum interval being 20 minutes. The 
photocatalysis mechanism only satisfies three 
conditions: first, a light source with significant 
bandwidth; second, a catalyst (MnTiO2); and 
finally, oxygen. Homogeneous occurs when both the 
reactant and catalyst exist in the same phase. The 20 
mg L- 1 dye with photocatalyst is first taken and 
irradiated under the vis at various times. The RhB 
degradation efficiency of the catalyst bare g-C3N4 
and MnWO4 is 32% and 38 %. The degradation 
efficiency of g-C3N4 is increased slowly when 
MnWO4 is added. The chemical oxygen demand 
(COD)and total efficiency carbon efficiency (TOE) 
methods assess the high catalytic nature of the 
catalyst, [13]. The GMW3 demonstrates that RhB 
has a high-rate constant of 0.0923 min-1, four times 
higher than the MnWO4 catalyst 0.0231 min-1.  
 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT 
DOI: 10.37394/232015.2025.21.15

Udayakumar Allimuthu, 
C. Edwin Singh, Saravanan Matheswaran

E-ISSN: 2224-3496 177 Volume 21, 2025



Elimination of COD (%) = 𝑂𝐷𝐼−𝑂𝐷𝐹

𝑂𝐷𝐼
*100  (1) 

Elimination of TOE (%) = 𝐶𝐸𝐼−𝐶𝐸𝐹

𝐶𝐸𝐼
*100  (2) 

where, where: 𝑂𝐷𝐼 , 𝑂𝐷𝐹 refers to the starting and 
ending COD in (mg/L) respectively, 𝐶𝐸𝐼 denotes 
starting carbon efficiency and 𝐶𝐸𝐹 The experimental 
wastewater analyses were replicated for each dye as 
final carbon efficiency. When the COD was tracked 
together with its run, then this allows the kinetic 
process and its first order model to be expressed as 
follows:  
 

Fr= 𝑑𝑅

𝑑𝑡
=  −𝑘𝑅   (3) 

 
Fr denotes the reaction rate with a const of k for 

the (R)COD residuals concertation at t time. The 
integration of the above equations is conveyed as 
follows: 

 
R(t)= R0exp(-kt)  (4) 

 
The half-life time is determined merely as a 

reaction rate constant by using a pseudo-first-
order model, and it is expressed as:  

 
t1/2= ln2/k=0.693/k  (5) 

 
From this analysis, the GMW3 catalysts 

obtained the highest decolorization efficiency, 91%, 
and 87%, for the COD elimination efficiency of 
RhB and 4-CP toxic pollutants. 
 
3.1.2 Photocatalytic Mechanism of MnWO4  

When WO4 photocatalysts are present, the 
photocatalytic reaction is a free radical reaction 
brought on by light exposure. The photocatalyst 
surface gets activated and electrons move from the 
Conduction band (CB) to the Valance band (VB) 
when the energy of light radiation approaches or 
surpasses the bandgap of WO4, [14]. The formation 
of electron-hole pairs in the VB coincides with the 
formation of electron holes in the CB. Because CB 
holes lose electrons and function as reducing agents, 
they exhibit a high oxidation reaction activity 
(1.0~3.5V) and excellent reducibility (0.5~1.5 V) 
when reduced. When exposed to light, WO4's VB 
(ℎ𝑣𝑉𝐵

+ ) and CB (𝐸𝐶𝐵
− ) and CB (𝐸𝐶𝐵

− ) produce 
positive holes and electrons. CB holes have high 
oxidation reaction activity (1.0~3.5V) because they 
lose electrons and act as reducing agents and 𝐸𝐶𝐵

− Ve 
good reducibility (0.5~1.5 V) when reduced. 
Positive holes and electrons are generated in the VB 

(ℎ𝑣𝑉𝐵
+ ) and CB (𝐸𝐶𝐵

− ) Of WO4 when exposed to 
light. 

hv+WO4ℎ𝑣𝑉𝐵
+ + 𝐸𝐶𝐵

−   (6) 

𝑂𝐻𝑆
−+ℎ𝑣𝑉𝐵

+ 𝑂𝐻•  (7) 

𝐻2𝑂𝑎𝑏𝑠 + ℎ𝑣𝑉𝐵
+ 𝑂𝐻•+ℎ+ (8) 

𝑂𝑎𝑏𝑠 + 𝐸𝐶𝐵
− 𝑂𝐻2

−•  (9) 

Org+ℎ𝑣𝑉𝐵
+  𝑃𝑂𝑋𝐼𝐷𝐴𝑇𝐼𝑂𝑁 (10) 

 
The holes in the valance band can be either 

hydroxyl radicals or directly react with the organic 
molecules and oxidise subsequently, [15]. The 
reaction between electrons and organic chemicals 
produces the reduction product. Photogenerated 
electrons react with oxygen, [16]. 

 

Dye +ℎ𝑣𝑉𝐵
+  𝑃𝑂𝑋𝐼𝐷𝐴𝑇𝐼𝑂𝑁 (11) 

Dye +𝑂𝐻• 𝑃𝐷𝐸𝐺𝑅𝐴𝐷𝐴𝑇𝐼𝑂𝑁CO2+H2O   (12) 

Dye +𝐸𝐶𝐵
−  𝑃𝑅𝐸𝐷𝑈𝐶𝑇𝐼𝑂𝑁 (13) 

 
Consequently, it is reduced to a superoxide 

radical anion, which then combines with photons to 
generate peroxide radicals, [17]. 

 

H2O+ℎ𝑣𝑉𝐵
+  𝐻𝑂• + 𝐻+ (14) 

ℎ𝑣𝑉𝐵
+ +𝑂𝐻−𝐻𝑂•  (15) 

𝐸𝐶𝐵
− + 𝑂2𝑂2

•−   (16) 

𝑂2
•− + 𝐻+𝐻𝑂2

•  (17) 
 

The WO4 is modified because of the light 
irradiation and the metal ions when the electrons are 
excited, and that has significant energy for light 
absorption and the WO4 surface to transmit 
electrons, [18]. It stimulates more electrons in the 
presence of light, which advances the redox 
reactions, [19]. On the other hand, the dye 
molecule's direct absorption of light may enhance 
electron transfer from the conduction band to the 
valance band, which is stated as follows:  

 

𝐷𝑎𝑑 + ℎ𝑣𝑉𝐵
+  𝐷𝑎𝑑

∗   (18) 

𝐷𝑎𝑑
∗ + WO4 𝐷𝑎𝑑

+• + WO4(𝑒𝐶𝐵
− ) (19) 

 
The photocatalyst for various dyes was also 

investigated using the above method, [20]. 
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Fig. 1: Proposed mechanism of photocatalytic in g-
C3N4/ MnWO4 nanomaterial 
 
3.2 Synthesis of BiVO4 / g-C3N4 

 Nanomaterial 
The bismuth vanadate (BiVO4) acts as a 
photocatalyst, vis-light driven, and highly 
responsive owing to its 2.4eV bandgap energy, [21]. 
This study presents the BiVO4 with different 
semiconductor g-C3N4 pair weighted ratios. We 
used a one-step easy hydrothermal approach 
technique to create the BiVO4 nanoparticles. 
Initially, we dissolved 0.5g of venadylacetonate 
(C10, H14, O5V) in 50mL of deionized water after 
dispersing 1.2g of Bi (NO3)3.2H2O (Bismuth nitrate 
pentahydrate). For half an hour, this mixture was 
agitated, [22]. After finishing the stirring, the NaOH 
was added to maintain a pH of 8; then, the 
dispersion was placed in a Teflon-lined stainless-
steel reaction vessel and heated to 150oC for 12 
hours, then cooling intuitively. The synthesised 
sample is annealed at 300oC for 4 hours for sample 
nature. The g-C3N4 is added to methanol and 
ultrasonically stirred for one hour to disperse it. 
After that, the solution is dried, and power is 
obtained. These samples are labeled GBV1, GBV2, 
and GBV3, [23].  
 
3.2.1 Photocatalytic Setup  

The visible light under photocatalysts is a stable and 
efficient method for degrading toxic pollutants such 
as 4-chlorophenol (4-CP) and Rhodamine B (RhB). 
The light source from the MnWO4 is used. The 30-
minute stirring of the resultant suspension remains 
unchanged, and the concentration possessed by the 
dark absorption equilibrium is earlier than the 
visible irradiation, [24]. Under the vis illumination, 
the removal efficiency of 29% and 37% attained by 
the RhB and 4-CP has, respectively, for the Bare 
BiVO4. When the BiVO4 is loaded into the g-C3N4, a 
significant improvement is monitored in the 
photodegradation efficiency.  

For the RhB and 4-CP, the GBV3 catalyst achieved 
a final degrading efficiency of 95% and 89%, 
respectively, [25]. The elimination of harmful 
contaminants as well as the catalyst's photocatalytic 
degradation capability are examined using the first-
order kinetic relation. It is said as follows: 

r = 𝑑𝐶𝑜𝑛𝑠

𝑑𝑇
= Dapp *Cons  (20) 

ln𝐶𝑜𝑛𝑠𝑜

𝐶𝑜𝑛𝑠𝑇
= Dapp*T   (21) 

where r denotes degradation rate (mg.I-1.min-1), Dapp 
refers to apparent degradation constant (min-1), 
𝐶𝑜𝑛𝑠 (mg/l) refers to concertation at T(min) 
irradiation time. The Capp is 0.0821 min-1 and 0.0563 
min-1 for RhB and 4-CP, 3.5 times and 2. 7 times 
more efficient than the bare minimum BiVO4. The 
third GBV3 catalyst ratio of BiVO4 / g-C3N4 shows 
better degradation efficiency. Furthermore, the 4:1 
and 5:1 ratios of catalysts of BiVO4 / g-C3N4 are 
labeled as GBV4 and GBV5, respectively—the 
degradation efficiency of GBV1, GBV2, and GBV3. 
GBV4 and GBV5 are 41%, 77%,89%,81%, and 
71%, respectively, [26]. As a result, the third 
catalyst shows a superior degradation efficiency 
compared to the other catalysts 
 
3.2.2 Photocatalytic Mechanism of BiVO4 

The degradation mechanism depends on the valence 
band (VB) at the top and the conduction band (CB) 
at the bottom of BiVO4 / g-C3N4 nanomaterial, 
calculated by using. 
 

𝐸𝐶𝐵
− =𝐸𝑉𝐵

− + 𝐸𝑒𝑔
−    (22) 

where, 𝐸𝑒𝑔
−  It is the semiconductor’s band gap 

energy. From Figure 1, the estimated Conduction 
band and VB of BiVO4 material are 0.042eV and 
1.62 eV; for g-C3N4, they are 0.034eV and 1.72eV, 
respectively, [27].  
 

In BiVO4, electrons are transported to the 
conduction band (CB) holes by photogenerated 
electron-hole pairs when exposed to visible light 
with enough excitation energy, [28]. Excited 
electrons in BiVO4 CB may move to VB and reduce 
O2 to form superoxide radical (O2•) and hydroxyl 
radical (OH•), which destroy dye molecules, [29]. 
The degradation could be significantly influenced 
by dye absorption on the g-C3N4 surface and 
electron-hole pairs. 

𝐸𝐶𝐵
− + Dye𝐷𝑦𝑒−•  (23) 

ℎ𝑉𝐵
+ +Dye  𝐷𝑦𝑒+•  (24) 

𝐸𝐶𝐵
− +𝑂2(𝑎𝑞) 𝑂2

•  (25) 
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𝐸𝐶𝐵
− + 𝑂2(𝑎𝑞) + 𝐻+ 𝐻𝑂2

•  (26) 

ℎ𝑉𝐵
+ +𝑂𝐻−  𝑂𝐻•    (27) 

ℎ𝑉𝐵
+ +𝐻𝑂2𝐻+ + 𝑂𝐻•   (28) 

 
In the meantime, the adsorbed OH 

(hydroxyl)ion on the surface is reduced using the 
holes in VB of BiVO4's that produce OH•, which 
can react with target products, [30].  
 

  
Fig. 2: Proposed mechanism of photocatalytic g-
C3N4/ BiVO4 nanomaterial 
 
3.3 Synthesis of ZnWO4 / g-C3N4 

 Nanomaterial 
The ZnWO4 nanomaterials have been produced 
using a facile hydrothermal method. At first, 1.65g 
of Na2WO4 & 0.85g of Zn (NO3)3.2H2O were 
diluted with 50 ml of deionized water for 30 
minutes with continuous stirring. Condensed NaOH 
was added to the solvent to change pH, [31]. The 
suspension was placed in a Teflon-lined stainless-
steel autoclave at 150oC for 12 hours and cooled 
naturally. The pale-yellow solid was rinsed with 
20ml of ethanol, water, and acetone before drying 
overnight in a desiccator at 80oC under a 10-2 bar 
vacuum. We subsequently got pure ZnWO4 powder 
suspension, [32]. After mixing the g-C3N4 with 
methanol, it is aggressively agitated for 1 hour to 
disperse. Drying the dispersion at 80oC and 
calcining at 300oC for 4 hours generates heat energy 
to join ZnWO4 and g-C3N4, resulting in a 
photocatalyst with different weight ratios. The 
weighted ratio of the g-C3N4 and ZnWO4 materials 
is 1:1, 2:1, and 3:1. These samples are labeled 
GZW1, GZW2, and GZW3 (Figure 2). 
 
3.3.1 Photocatalytic Setup  

This suspension was treated under an Xe lamp 
equipped with a photocatalyst. Before UV-vis 
spectroscopy measurement, all dispersions were 

centrifuged to eliminate the residual nanoparticles 
and measure the degradation efficiency of dyes 
using a pseudo-first-order kinetics model, [33]. 
First, the initial rate of Elimination of COD is 
computed as follows:  

Ro= -dK/Dt                     (29) 
 

Ro is the COD concentration K rate at t time. the 
data rate can be modulated first order kinetics as 
follows:  

R = Dapp *K     (30) 
where t time and Dapp denote apparent first-order 
rate constant using boundary condition K = Ko at t = 
0 gives: 

ln𝐾𝑡

𝐾0
= - Dapp*t     (31) 

 
The variation in their composite ratio further 

confirms their behavior. Moreover, the g-C3N4 and 
ZnWO4 ratios have been adjusted to 4:1 and 5:1, 
including both, and symbolized as GZW4 and 
GZW5, respectively. GZW1, GZW2, GZW3, GZW4, 
and GZW5 degradation increased efficiency are 44, 
72, 98, 85, and 7, respectively 
 
3.3.2 Photocatalytic Mechanism  

The ZnWO4 / g-C3N4 photocatalyst mechanism 
When exposed to visible light, g-C3N4 is quickly 
excited, and electron-hole pairs form on its surface. 
Because of its wide bandgap, excitation by visible 
light is prohibited in ZnWO4, [34]. The 
photoinduced active radicals OH and h+ were found 
to be beneficial for the degradation of 4-CPand  
RhB, and they are as follows: 

hv + ZnWO4 / g-C3N4  ZnWO4 / g-C3N4 (𝐸𝐶𝐵
− +

ℎ𝑉𝐵
+ )    (32) 

𝑂2
− O2 + ZnWO4 (𝐸𝐶𝐵

− )   (33) 

H2O2 2ZnWO4 (𝐸𝐶𝐵
− )+O2 +2H+ (34) 

H2O2+𝑂2
−𝑂𝐻 + 𝑂𝐻− + 𝑂2   (35) 

Dye +g-C3N4(ℎ𝑣𝑉𝐵
+ ) 𝑃𝑂𝑋𝐼𝐷𝐴𝑇𝐼𝑂𝑁 (36) 

Dye+ OH 𝑃𝐷𝐸𝐺𝑅𝐴𝐷𝐴𝑇𝐼𝑂𝑁CO2+H2O  (37) 

Dye+𝑂2
− 𝑃𝑅𝐸𝐷𝑈𝐶𝑇𝐼𝑂𝑁   (38) 

 
These findings suggest that the heterostructured 

nanocomposite's solid interfacial interactions would 
improve the transfer mechanism and reduce 
photoinduced charge carrier reunification, 
improving the g-C3N4/ZnWO4nanocomposite's 
visible-light performance, [35]. 
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Fig. 3: Photocatalytic degradation of pollutants in g-
C3N4/ ZnWO4 nanomaterial 
 
3.4 Synthesis of CuWO4 / g-C3N4 

 Nanomaterial 
The facile hydrothermal route also prepares the 
CuWO4 nanomaterials. The suspension of pure 
CuWO4 powder was obtained. Initially, 0.3g of 
Na2WO4 and 0.3 g of Cu (NO3)2 are mixed under 
magnetic stirring for 1 hour until becoming sky blue 
suspension. The yellowish-green solid is frequently 
washed with ethanol and distilled water. Then, the 
particular quantity of g-C3N4 is lent to methanol, 
which is stirred ultrasonically for 1 hour to disperse 
the g-C3N4. After drying at 80oC for002012 h and 
then calcining at 300oC for 4 hours to connect 
CuWO4 and g-C3N4 samples, the photocatalyst with 
different g-C3N4 weight ratios is obtained. The 
weighted ratio of the g-C3N4 and CuWO4 materials 
is 1:1, 2:1, and 3:1, and These samples are labeled 
as GCuW1, GCuW2, and GCuW3 (Figure 3), [36].  
 
3.4.1 Photocatalytic Setup  

RhB and 4-CP degrade 88% within 100 minutes. As 
CuWO4 loading rises, deterioration efficiency 
decreases. The enhanced agglomeration of CuWO4 
nanoparticles may be interfering with electron 
transport from CuWO4 / g-C3N4. Kinetic diagrams 
indicate linearity as 

K= ln(C0/C)         (39) 
 

The illumination duration affirms that the 
degradation reaction may follow first-order kinetics. 
 
3.4.2 Photocatalytic Mechanism  

The removal of toxic pollutants by the synthesized 
CuWO4 / g-C3N4 photocatalysts is performed under 
the UV-vis spectrometer under dark and light 
illumination. Initially, the electron and hole 
separation from the CuWO4 is as follows,  

hv + CuWO4 / g-C3N4  CuWO4 / g-C3N4 (𝐸𝐶𝐵
− +

ℎ𝑉𝐵
+ )    (40) 

 
The band potential of CuWO4 / g-C3N4 was 2.41 

eV and 0.28eV for the valance band and conduction 
band, respectively.  

ℎ𝑉𝐵
+ + H2O𝑂𝐻•+𝐻𝑉𝐵

+    (41) 

𝑂2
•− O2 + 𝐸𝐶𝐵

−     (42) 

ℎ𝑉𝐵
+ +𝑂𝐻− 𝐻𝑂•   (43) 

𝑂2
•− +H2O O2H• +𝑂𝐻−  (44) 

2O2𝐻•
𝐻2𝑂2   (45) 

H2O2+2𝑂𝐻•    (46) 
 

The procedure for RhB and 4-CP degradation 
by the synthesized CuWO4 / g-C3N4 photocatalysts 
under vis light is expressed as follows: 

Dye +g-C3N4(ℎ𝑣𝑉𝐵
+ ) 𝑃𝑂𝑋𝐼𝐷𝐴𝑇𝐼𝑂𝑁  (47) 

Dye+ O𝑃𝐷𝐸𝐺𝑅𝐴𝐷𝐴𝑇𝐼𝑂𝑁H CO2+H2O  (48) 
Dye+𝑂2

− 𝑃𝑅𝐸𝐷𝑈𝐶𝑇𝐼𝑂𝑁   (49) 
 

The band energies better understand the 
improved performance of the photocatalytic of 
CuWO4 / g-C3N4 nanomaterials, [37]. 

 

 
Fig. 4: Proposed mechanism of g-C3N4/ CuWO4 
nanomaterial 
 
3.5 Photocatalytic Efficiencies 
The Nanoparticle photocatalysts present 
heterogeneous structure, energy, and function 
characteristics at spatial and temporal scales (Figure 
4). 
 
3.5.1 Enhanced Reaction and Diffusion 

 Mathematical Statement  

A reaction-diffusion equation consists of two terms: 
a reaction and a diffusion, and its standard form is 
as follows: 

𝑢𝑡 =  𝐷∆𝑢 +  𝑓(𝑢)  (50) 
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The Laplace operator is being shown. The 
volume or concentration of a substance, a species, 
etc., at point x R n at period interval is expressed by 
the parameter value u = u(x,t) ( is an infinite set). ∆ 
Consequently, "diffusion" is stated in the initial 
phrase on the privilege, which also incorporates D 
as the diffusion coefficient, [38]. The second 
derivative, f(u), is a continuous non-linear function: 
R R and represents occurrences that really "alter" 
the current u, i.e., whatever occurs to it (creation, 
mortality, chemical processes, etc.), as as opposed 
to simply allowing it to diffuse in the context 
(Figure 5). 

 

 
Fig. 5: Hybrid Stochastic Geometry Mathematical 
Model in Water Treatment 
 

This session will explore defensive response 
solutions analytically and identify more practical 
uses against the Mathematical Phenomena in Water 
Treatment. This research also included the Phase 
Space Method for creating and studying dynamic 
system solutions. This will react with the help of 
Phase Space with dynamical system theory, [39]. 
 
3.5.2 Combined Phase Space Method  

We combined the Phase Space Method with the 
Stochastic geometry and the Phase Space model. 
This helps to handle serious time problems, [40]. 
The phase space method is used in applied 
mathematics to build and analyze dynamical system 
solutions—that is, to resolve time-dependent 
differential equations, [41]. The Phase space is 
defined as a set of all physical states in classical 
mechanics. Therefore, the phase space is two-
dimensional: position and momentum, in a one-
dimensional system like a ball thrown directly up or 
a spring, [42]. The phase space has six trillion 
dimensions, three locations, and three momenta for 
each particle for a trillion particles in a three-
dimensional box. System: when we refer to a 
"state," we don't just mean the locations of all the 
objects. A system, but also they're (which would 

need physical or configuration space)—moments or 
velocities that would occupy momentum space. 
 
3.5.3  Hybrid Stochastic Geometry 

Hybrid Stochastic geometry combines the 
Combined Phase Space Method with the Stochastic 
geometry model. In this era, stochastic geometry is 
combined with the Phase Space Method and 
Reaction & Diffusion derivation for executing the 1-
component reaction-diffusion equations, 2-
component reaction-diffusion equations, and 3-
component reaction-diffusion equations. This 
Diffusion derivation gives the Time-dependent 
Differential Equations concerning the Time Serious 
Comparisons, [43]. Hence, the Time Serious 
Comparisons in stochastic geometry are explained 
below. 
 
3.6 Bayesian Structural Time Series 

 Technique 
Forecasting and pattern identification may be 
utilized to enhance the Bayesian Structural Time 
Series (BSTS) approach to estimate harmful 
pollutant degradation utilizing photocatalysts. 
Analysis was done on toxic pollutant degradation 
over 100 minutes. The four photocatalysts may be 
analyzed using irradiation time data. The Bayesian 
posterior sampling distributions BSTS package was 
used with R software, [44]. Photocatalytic 
mechanism priors can be effectively integrated with 
Bayesian structural models. Applying established 
concepts to the model, presents an effective 
approach to streamlining a substantial array of 
interconnected variables into a more concise 
framework. Furthermore, the model considers the 
uncertainty associated with the coefficient estimates 
when producing the credible interval for the 
predictions, employing priors on the regressor 
coefficients. 

We can modify the mathematical expression for 
the degradation rate by introducing additional 
parameters to represent the effect of the different 
photocatalysts. Let k_i be the rate constant for the 
degradation of the pollutant using photocatalyst i.  

 
Then, we can write: 

𝑑𝐶

𝑑𝑡
= − ∑ (𝑘_𝑖)𝐶𝑖    (51) 

 
The sum is taken over all photocatalysts, and the 

negative sign indicates that the concentration of the 
pollutant decreases with time, and the decay rate is 
proportional to the concentration. Then we can 
write: 
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𝑑𝐶

𝑑𝑡
= − ∑ (𝑘_1 𝑔 − 𝐶3𝑁4/𝑀𝑛𝑊𝑂4  +  k_2 𝑔 −𝑖

𝐶3𝑁4/𝑀𝑛𝑊𝑂4  +  k_3 𝑔 − 𝐶3𝑁4/𝑀𝑛𝑊𝑂4 +
 k_4 𝑔 − 𝐶3𝑁4/𝑀𝑛𝑊𝑂4)C    

                (52) 
where the rate constant for each photocatalyst is 
multiplied by the type of photocatalyst. To 
incorporate the effect of time and other covariates, 
we can use a BSTS model as follows: 

y_t = β(x_t) + η_t + ε_t   (53) 
where y_t is the degradation rate of the toxic 
pollutant at time t, x_t is a vector of covariates that 
may affect the degradation rate, such as the 
concentration of the photocatalyst or environmental 
factors, β is a vector of regression coefficients, η_t 
is a stochastic process that captures the temporal 
variation in the degradation rate, and ε_t is a 
Gaussian error term, [45]. We can use Bayesian 
inference to estimate the parameters of the BSTS 
model.  
 

The model's parameters can be estimated using 
Bayesian inference, allowing us to make 
probabilistic forecasts of the degradation rate at 
irradiation time points. The strength of the 
photocatalyst MnWO4, BiVO4, ZnWO4, and CuWO4 
with the same semiconductors, g-C3N4, is 
determined. By comparing another photocatalyst, 
the random error of the ZnWO4 model does not 
exceed 3-4%, and the results of approximating the 
experimental values of the strength with Nano 
semiconductors with photocatalysts can be 
considered entirely satisfactory. 
 
 
4  Result and Discussion 
In the context of surface water pollution, 
MnWO4/g-C3N4, BiVO4/g-C3N4, ZnWO4/g-
C3N4, and CuWO4/g-C3N4 are all types of 
photocatalysts that can be used to degrade pollutants 
in water. These materials absorb light and produce 
reactive oxygen species that can break down 
pollutants into harmless byproducts. 4-chlorophenol 
and Rhodamine B are both common pollutants 
found in surface water ecosystems. 4-chlorophenol 
is a toxic chemical that is often used in industrial 
processes. At the same time, Rhodamine B is a 
fluorescent dye used in various applications. To 
study the impact of these pollutants on surface water 
ecosystems, researchers can use different techniques 
to model the distribution of contaminants in a given 
area. 

The pollutant's concentration, influences the 
degradation rate. From the proposed system, we 
take the photocatalytic measurements as a first-order 

kinetic reaction of toxic pollutants for the 
photocatalyst samples, cycling stability test as 
degradation efficiency. The performance of four 
catalysts was compared based on the factors, namely 
high rate constant K(m-1), correlation coefficient 
(R2), and degradation efficiency values of 
photocatalysts.   

The degradation rate initially increases rapidly 
with increasing irradiation time as more 
photocatalytic active sites become available and the 
reaction rate increases. At the same time, as the 
reaction progresses and the pollutant concentration 
decreases, the degradation rate eventually levels off 
and approaches a plateau. This plateau is often 
called the steady-state degradation rate, representing 
the maximum rate achievable with a particular 
photocatalyst under specific reaction conditions. In 
summary, the photocatalytic degradation rate of a 
target pollutant generally increases with irradiation 
time, and a pseudo-first-order kinetic reaction can 
describe the relationship between them. The 
analysis of the performance of MnWO4/g-C3N4 
using kinetic pseudo-first-order response is shown 
in Table 1 (Appendix). 

From Figure 1, for RhB, After 40 minutes of 
irradiation, the degradation rate constant of MnWO4 

and GMW3 towards 0.0152 m-1 and 0.0251 m-1. 
After 100 minutes of irradiation, the degradation 
rate constant was 0.0194 m-1 and 0.0142 m-1 for 
MnWO4 and GMW3. The photocatalytic degradation 
rate of RhB using a GMW3 composite photocatalyst 
was highly dependent on the irradiation time. Figure 
2 compares MnWO4 and GMW3 for the 4-CP 
pollutant degradation. After 40 minutes of 
irradiation, the degradation rate constant was 0.0098 
m-1 and 0.0132 m-1 for GMW3 and MnWO4. After 
100 minutes of irradiation, the degradation rate 
constant of GMW3 and MnWO4 was 0.0055 m-1 and 
0.078 m-1. The photocatalytic degradation rate of 4-
CP and RhB using different composite 
photocatalysts also increased with increasing 
irradiation time. After 100 minutes of irradiation, 
the degradation rate reached 97% for RhB and 4-CP 
92%. The GMW3 catalyst has a higher rate constant 
of 0.084 m-1 than the MnWO4 constant of 0.0504 
m-1.  

Decolorizing dyes in the water source is an 
essential process for wastewater management. In the 
photocatalytic degradation of dyes, COD analysis 
can be used to evaluate the efficiency of the 
photocatalytic process in mineralizing the dye 
molecules into more straightforward and less 
harmful compounds, as displayed in Table 2 
(Appendix). We estimate the photocatalyst's high 
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catalytic nature using chemical oxygen demand 
efficiency measures in terms of percentage.  

The efficiency of photocatalytic degradation of 
dyes RhB and 4-CP can be evaluated using COD 
analysis. Figure 3 and Figure 4 show the COD 
removal efficiency increased with increasing 
reaction time for different photocatalysts. The COD 
removal efficiency for RhB using MnWO4 
photocatalyst was 68.7% after 100 minutes of 
irradiation, while the GMW3 photocatalyst had 
higher COD than the other sample photocatalyst 
after 100 minutes of irradiation. After 100 minutes 
of irradiation, the COD removal efficiency for 4-CP 
using the g-C3N4/MnWO4 composite photocatalyst 
was found to have lesser COD removal efficiency 
than the GMW3. From the observance of Figure 3, 
the GMW3 has the highest decolorisation of RhB 
dye at 92%, and according to Figure 4, the GMW3 
has the highest decolorisation of 4-CP dye at 86%. 
Then, the degradation efficiency for MnWO4 and 
GMW3 will be estimated to analyze which 
photocatalyst has the highest performance in 
pollutant degradation as displayed in Table 3. 
 
Table 3. The degradation efficiency of visible light 

photoactivity 
Cycle 
number 

Degradation Efficiency(%) 
 
RhB 4-CP 
MnWO4 GMW3 MnWO4 GMW3 

1 35 95 34 89 
2 38 96 36 88 
3 39 94 37 89 
4 38 96 35 90 
5 37 97 36 88 

 
Figure 5 shows that both MnWO4 and GMW3 

photocatalysts exhibited degradation efficiency for 
RhB and 4-CP even after multiple cycles of 
photocatalysis. Initially, the g-C3N4 and MnWO4 
have poor degradation efficiency at 33% and 35% of 
RhB, respectively. Similarly, the g-C3N4 and 
MnWO4 display poor degradation efficiency for 4-
CP dye at 32% and 34%, respectively. For GMW3, 
the degradation efficiency for 4-CP was found to be 
89% after the first cycle of photocatalysis and 
decreased to 88% after the fifth cycle of 
photocatalysis. After 100 minutes of light 
irradiation, the GMW3 has a 97% degradation 
efficiency of RhB. The degradation efficiency of the 
4-CP dye for GMW3 is 92%. Because the GMW3 
weights g-C3N4:MnWO4 has a 3:1 ratio that 
influences the separation of electron-hole pair, 
improving its efficiency. The study concluded that 
GMW3 photocatalysts exhibited good stability and 

reusability for the photocatalytic degradation of 
RhB. 
 

 
Fig. 6: Effect of photocatalysts on kinetic plot 
degradation rate constant of RhB 
 

 
Fig. 7: Effect of different photocatalysts on kinetic 
plot degradation rate constant of 4-CP 
 

 
 
Fig. 8: The chemical oxygen demand of RhB by 
different photocatalysts with increasing irradiation 
time 
 

 
Fig. 9: The COD of 4-CP by photocatalysts is based 
on the irradiation time 
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Fig.10: Comparison of degradation efficiency of 
RhB and 4-CP by MNWO4 and GMW3 
photocatalysts 
 

Overall Figure 8, Figure and Figure 10, the 
GMW3 photocatalyst shows a higher degradation 
efficiency, rate constant, and long-term stability 
measure for dyes. Under visible light irradiation, the 
GMW3 photocatalyst has 97% and 92% degradation 
efficiency for RhB and 4-CP dyes. The GMW3 has a 
degradation rate constant of 0.0942(m-1) and long 
stability for RhB; similarly, GMW3 has a 
degradation rate of  0.0504(m-1) for 4-CP dye.  

Then, take the bare g-C3N4 and BiVO4 as 
photocatalysts treated under visible light irradiation 
for up to 100 minutes with an interval of 20 
minutes. Initially, the photocatalyst BiVO4 had 
lower degradation efficiency of 28% and 34% 
towards the dyes RhB and 4-CP. Then, we add the 
BiVO4 into g-C3N4 in different ratios, which may 
improve the degradation efficiency performance. 
The bare g-C3N4 also has a lower degradation 
efficiency of dyes. The maximum degradation 
efficiency for dyes RhB and 4-CP is attained by 
89% and 94% using a GBV3 catalyst sample. Then, 
the degradation rate is determined using pseudo-
first-order kinetic reaction for different 
photocatalysts, as displayed in Table 4 (Appendix).  

The first kinetic relation was found to be linear, 
determined from the slope of the linear plot in 
Figure 6 and Figure 7 of ln.𝐾𝑡

𝐾0
 Versus irradiation 

time. After 100 minutes of irradiation, for Rhb, the 
higher rate constant of g-C3N4, BiVO4, GBV1, 
GBV2, and GBV3 as 0.32 m-1, 0.60 m-1, 0.94 m-1, 
1.54 m-1 and 1.81 m-1 respectively. similarly, for 4-
CP , the g-C3N4, BiVO4, GBV1, GBV2, and GBV3 

towards  0.43m-1, 0.87m-1, 0.92 m-1, 1.59m-1 and 
2.26m-1. from this, the GBV3  has a higher rate 
constant of 0.0821m-1 and 0.0643m-1 of RhB and 4-
CP that is higher than the 0.0221m-1 and 0.0221m-1 

of BiVO4  photocatalysts of RhB and 4-CP dyes. 
The Chemical Oxygen Demand (COD) measures 
the amount of organic matter in a water sample that 
a strong chemical oxidant can oxidize. It often 
indicates the degree of pollutant RhB and 4-CP in 

water samples captured approximately in Table 5 
(Appendix). 

The comparison analysis of the COD removal 
efficiency of Rhodamine B (RhB) and 4-CP dye 
using a different photocatalyst under visible light 
irradiation is shown in Figure 13 and Figure 14. The 
study found that both photocatalysts exhibited high 
COD removal efficiencies for RhB dye. The higher 
the COD value, the higher the number of organic 
pollutants in the water. For the g-C3N4/BiVO4 
photocatalyst, the COD removal efficiency for RhB 
dye was 65% after 100 minutes of irradiation under 
visible light. For the GMW3 photocatalyst, the COD 
removal efficiency for RhB dye was 86% after 100 
minutes of irradiation under visible light. 
Similarly, for 4-chlorophenol (4-CP) dye, the 
GMW3 photocatalysts exhibited high COD removal 
efficiencies. The higher COD removal efficiency of 
GMW3 photocatalysts than the other photocatalysts 
can be attributed to the larger specific surface area 
and multiple active sites for photocatalytic 
degradation. Overall, the study found that GMW3 
photocatalysts were more effective for the COD 
removal of RhB and 4-CP dyes under visible light 
irradiation than the other photocatalysts.  

 
Table 6. The degradation efficiency of BiVO4 and 

GBV3 

 
Figure 11 and Figure 12 compare the RhB and 

4-CPdyes degradation efficiency using BiVO4 and 
GBV3 with the stability test performed up to five 
cycles, and its measures are observed and shown in 
Table 6. At the first cycle of the photocatalysis, the 
estimated degradation efficiency of RhB for BiVO4 
and GBV3 has values between 28% and 85%. 
Similarly, for 4-CP, 34% and 92% for BiVO4 and  
GBV3, respectively, The cycles are increased up to 
5, and the degradation of dyes percentage also 
increased gradually; in 3rd cycle, test analysis shows 
poor degradation efficiency of dyes RhB and 4-CP  
of 29% and 33 with the BiVO4 photocatalyst. At the 
same time, the GBV3 catalyst has 89% and 90% 
better degradation efficiency for dyes RhB and 4-
CP, respectively. Figure 15 shows that the 3:1 ratio 
of the g-C3N4/ BiVO4 sample as GBV3 photocatalyst 

Cycle number Degradation Efficiency(%) 
 
RhB 4-CP 
BiVO4 GBV3 BiVO4 GBV3 

1 28 85 34 92 
2 27 87 35 89 
3 29 89 33 90 
4 28 84 37 88 
5 27 83 38 87 
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has better degradation efficiency than the pure 
BiVO4 photocatalyst. The photocatalytic shows that 
the direct oxidation effect analyses dyes' 
degradation. Overall, GBV3 has enough catalytic 
stability and cost-effective visible light 
photocatalyst for pollutant reduction in surface 
water.  

 
Fig. 11: The kinetic plot degradation of RhB dye 
with a different weight ratio of photocatalyst 
 

 
Fig. 12: The kinetic plot degradation of 4-CP dye 
with the different weight ratio of photocatalyst 
 

 
Fig. 13: The photocatalytic COD removal efficiency 
of RhB dye based on irradiation time 
 

 
Fig. 14: The photocatalytic COD removal efficiency 
of 4-CP dye versus Irradiation time minutes 

 
Fig. 15: The comparison analysis of two 
photocatalysts degradation efficiency of two 
pollutants 
 

The different photocatalysts g-C3N4/ZnWO4 is 
monitored under visible light irradiation to degrade 
pollutants such as RhB and 4-CP. The first-order 
kinetic reaction for the g-C3N4/ZnWO4 
photocatalytic degradation of RhB and 4-CP was 
measured and shown in Table 7 (Appendix). 

Figure 16 and Figure 17 show a kinetic plot 
relationship of the different sample photocatalysts 
based on the irradiation time. The degradation rate 
of RhB and 4-CP dyes by g-C3N4, ZnWO4, GZW1, 
GZW2, and GZW3 photocatalysts may vary with 
irradiation time. In general, increasing the 
irradiation time may lead to an increase in the 
degradation rate of the dyes. This is because the 
photocatalyst can absorb more photons, leading to 
more electron-hole pairs and, consequently, more 
reactive species that can degrade the dyes. The 
photocatalyst's properties and the dye molecules' 
nature may also influence the degradation rate of 
RhB and 4-CP dyes. For instance, the adsorption 
capacity of the photocatalyst for the dye molecules 
may affect the degradation rate. For the GZW3 
catalyst, the high constant rate of the RhB and 4-CP 
are 0.0914(m-1) and 0.0731(m-1), which is 4.10 
times and 6.3 times better than the ZnWO4 catalyst. 
From the observance of Figure 18 and Figure 19, the 
optimal irradiation time for achieving the highest 
degradation rate for the GZW3 photocatalyst-RhB, 
4-CP dye system.  

The Chemical Oxygen Demand (COD) 
measures the oxygen required to oxidize organic 
matter in a water sample. Higher COD values 
indicate higher levels of organic matter and 
pollution in the water. The COD removal efficiency 
of various photocatalysts is shown in Table 8 
(Appendix). 

These studies suggest that GZW3 may 
effectively eliminate COD from wastewater 
containing dyes, and the GZW3 photocatalyst 
achieves higher decolorization efficiency at 97% 
and 85% towards the pollutant as RhB and 4-CP.  
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Table 9. The comparison between different weight 
photocatalysts for degradation efficiency of RhB 

and 4-CP dye 
Cycle 
number 

Degradation Efficiency(%) 
 
RhB 4-CP 
ZnWO4 GZW3 ZnWO4 GZW3 

1 55 99 56 89 
2 58 98 57 90 
3 59 99 58 89 
4 58 98 57 88 
5 57 98 58 89 
 

A sample of dye-containing wastewater would 
be treated with ZnWO4 and GZW3, and the COD of 
the treated wastewater would be measured. The 
cycle number would refer to the times the treatment 
was repeated using the same material. The 
degradation efficiency of ZnWO4 and GZW3 for 
RhB and 4-CP dyes as a function of cycle number is 
shown in Figure 20 and observed in Table 9. 

 
Degradation Efficiency (%) = 

COD of untreated wastewater − COD of treated wastewater

COD of untreated wastewater 
x  

100  (54) 
 

At the same time, the degradation efficiency 
may decrease with each cycle as the treatment 
material becomes saturated with the dye and loses 
effectiveness.  

 

 
Fig. 16: The kinetic plot unsbscribeln𝐶𝑜𝑛𝑠𝑜

𝐶𝑜𝑛𝑠𝑇
 

relationship with the irradiation time of 
photocatalysts for RhB dye degradation 
 

 
Fig. 17: The kinetic plot ln𝐶𝑜𝑛𝑠𝑜

𝐶𝑜𝑛𝑠𝑇
 relationship with 

the irradiation time of photocatalysts for 4-CP dye 
degradation 

 
Fig. 18: The COD removal efficiency of RhB for 
photocatalysts under visible light irradiation 
 

 
Fig. 19: The COD removal efficiency of 4-CP for 
photocatalysts under visible light irradiation 
 

 
Fig. 20: Comparison between degradation efficiency 
of ZnWO4 and GZW3 over an increasing count of 
cycles 
 

The g-C3N4/CuWO4 composite material is 
treated under visible light, and it achieves 
degradation of 13% and 24% for RhB dyes after 
100-minute irradiation. Similarly, the degradation of 
4-CP dye using g-C3N4 and CuWO4 is attained at 
13% and 22%, respectively. After that, CuWO4 is 
added to g-C3N4 in three different weight ratios; 
from that, the GCuW3 has the highest photocatalytic 
activity, [46]. The photodegradation rate is 
measured using the first-order kinetic reaction 
model in Table 10 (Appendix). 

Figure 21 and Figure 22 show that the kinetic 
degradation rate of a catalyst refers to the rate at 
which it can break down or degrade a particular 
pollutant as RhB (Rhodamine B) and 4-CP (4-
Chlorophenol) are the target pollutants, and 
catalysts, g-C3N4, CuWO4, GCuW1, GCuW2, and 
GCuW3, are evaluated for their kinetic degradation 
rate. The g-C3N4 and CuWO4 nanoparticles showed 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT 
DOI: 10.37394/232015.2025.21.15

Udayakumar Allimuthu, 
C. Edwin Singh, Saravanan Matheswaran

E-ISSN: 2224-3496 187 Volume 21, 2025



a high kinetic degradation rate for RhB, with a rate 
constant of 0.0032m-1 and 0.0041 m-1, respectively. 
For 4-CP, the rate constant of 0.0013 m-1, 0.0014 m-

1respectively. The GcuW1 and GcuW2 had a higher 
kinetic degradation rate constant of 0.0047 m-1 and 
0.0041 m-1. For 4-CP, the rate constant was 0.0023 
m-1 and 0.0027m-1, respectively. The GCuW3 had a 
higher kinetic degradation rate for RhB than 
CuWO4, with a rate constant of 0.0812 m-1, and for 
4-CP, the rate constant was 0.0715 m-1. From th 
above measures, both CuWO4 and GCuW3 have 
high kinetic degradation rates for RhB, with GCuW3 
showing slightly higher rates than CuWO4. At the 
same time, the kinetic degradation rates for 4-CP are 
lower than those for RhB, and GCuW3 has higher 
rates than CuWO4. 

In other words, the COD (Chemical Oxygen 
Demand) efficiency analysis measures a catalyst's 
ability to degrade or remove organic compounds 
from wastewater. In this case, the dyes RhB 
(Rhodamine B) and 4-CP (4-Chlorophenol) are the 
target pollutants, and two catalysts, ZnWO4 and 
GZW3, are being evaluated for their COD 
efficiency, which is displayed in Table 11 
(Appendix). 

Table 12 specifically investigates the 
degradation efficiency and  Figurs 23 and Figure 24 
show the  COD efficiency of these catalysts for the 
degradation. The GCuW3 had a COD removal 
efficiency of 80% for RhB after 100 minutes of 
reaction time.  

 
Table 12. The degradation efficiency at different 

cycles 
Cycle 
number 

Degradation Efficiency(%) 
 
RhB 4-CP 
CuWO4 GCuW3 CuWO4 GCuW3 

1 25 88 29 89 
2 28 86 26 88 
3 29 89 27 89 
4 28 86 25 90 
5 27 87 26 88 

 
Figure 25 shows the CuWO4 and GCuW3 

photocatalysts used in wastewater treatment for 
dyes, with their efficiency in degrading RhB and 4-
CP dyes. After one cycle of photocatalysis, the 
CuWO4 and GcuW3 remove the dyes 25% and 88% 
for RhB, and for 4-CP, the photocatalyst CuWO4 
and GcuW3 has degradation efficiency of dyes 29% 
and 89%. After five treatment cycles, the CuWO4 
and GcuW3 were effective at removing RhB dye 
with % degradation efficiency of 27% and 87%. 
Similarly, removing the RhB dye of CuWO4 and 

GcuW3 has a degradation efficiency of 26% and 
88%. The degradation efficiency is reduced when 
the loading amount of CuWO4 increases because the 
excess CuWO4 particle did not favor the electron 
transfer from the g-C3N4/ CuWO4. From these 
results, the GCuW3 outperforms the other 
photocatalysts, [47]. 
 

 
Fig. 21: The kinetic plot of degradation of RhB dye 
using different concentrations of g-C3N4/CuWO4 
based on the irradiation time 
 

 
Fig. 22: The kinetic plot of degradation of 4-CP dye 
using different concentrations of g-C3N4/CuWO4 
based on the irradiation time 
 

 
Fig. 23: COD removal efficiency for RhB dye 
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Fig. 24: The COD removal efficiency of different 
photocatalysts for 4-CP dye 

 
Fig. 25: Comparison analysis of degradation 
efficiency over cycles 
 

Overall Figure 25, the different weights of 
photocatalytic show better activity for the RhB and 
4-CP dyes. In the degradation process, the doses of 
photocatalysts play a crucial role that may affect the 
degradation rate of pollutants. From Table 13 
(Appendix), the higher degradation rate of RhB dye 
is achieved by the g-C3N4/ ZnWO4 photocatalyst 
than the other photocatalyst, [48]. From this 
measure, we can say that the g-C3N4/ ZnWO4 
photocatalyst overperforms the other photocatalyst, 
making it more suitable for surface water treatment. 
 
 
5  Conclusion 
This research focused on the mathematical modeling 
of the essence of the effects and the pollution based 
on favorable factors to evaluate and solve the 
problems associated with the growth of pollutants in 
the surface water ecosystem. Moreover, the model 
of Stochastic geometry, Reaction and Diffusion, 
Phase Space Method, and Time Series technique 
model for enabling the reduction of the Pollutants in 
the Surface Water Ecosystem to produce the 
stability of the environment and the pollution in the 
atmosphere was evaluated. The accurate result of 
global stability of the parameters of level 1 produces 
higher stability. The calculation of This parameter 
uses the Different instances of international 
equilibrium. Meanwhile, the measurement of global 
non-linear stability of the parameters of level -2 
enhances global solutions against the time series 
parameter. This result gives on the contamination 
status of pollutants in surface water and its 
respective ecosystem sources, and potential risks of 
environmental regulation were active green 
innovation against pollution reduction. 
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APPENDIX 
 

Table 1. High rate ln𝐴𝑜

𝐴𝑇
constant analysis for visible light irradiation photoactivity 

Irradiation 
Time 
(m) 

ln𝐴𝑜

𝐴𝑇
 

RhB 4-CP 
g-
C3N4 

MnWO4 GMW1 GMW2 GMW3 g-
C3N4 

MnWO4 GMW1 GMW2 GMW3 

0 0.12 0.17 0.20 0.18 0.08 0.13 0.15 0.13 0.07 0.05 
20 0.36 0.28 0.26 0.140 0.12 0.2 0.45 0.21 0.13 0.093 
40 0.55 0.32 0.274 0.192 0.15 0.9 0.62 0.28 0.162 0.132 
60 0.74 0.48 0.32 0.25 0.17 0.34 0.69 0.39 0.245 0.152 
80 0.93 0.69 0.41 0.32 0.19 0.24 0.70 0.43 0.29 0.171 
100 1.22 0.763 0.50 0.39 0.23 0.14 0.77 0.48 0.34 0.19 
 
 

Table 2. Chemical oxygen demand Removal Efficiency(%)of RhB and 4-CP dyes 
Irradiation 
Time 
(m) 

Chemical oxygen demand Removal Efficiency(%) 
RhB 4-CP 
g-
C3N4 

MnWO4 GMW1 GMW2 GMW3 g-
C3N4 

MnWO4 GMW1 GMW2 GMW3 

0 31 35 36 35 36 43 28 48 39 34 
20 35 39 68 55 63 51 34 53 36 55 
40 38 35 72 49 69 56 48 62 42 66 
60 43 40 75 54 74 59 52 70 56 78 
80 47 44 70 62 82 50 57 73 65 82 
100 45 38 74 69 92 46 56 76 75 86 
 
 

Table 4. The high rate constant for photocatalysts under visible light 
Irradiation 
Time 
in minutes 

ln𝐾𝑡

𝐾0
 

RhB 4-CP 
g-
C3N4 

BiVO4 GBV1 GBV2 GBV3 g-
C3N4 

BiVO4 GBV1 GBV2 GBV3 

0 0.11 0.17 0.15 0.13 0.17 0.12 0.15 0.12 0.18 0.14 
20 0.16 0.25 0.32 0.45 0.52 0.161 0.242 0.26 0.42 0.52 
40 0.19 0.34 0.52 0.92 1.04 0.22 0.43 0.44 0.73 0.86 
60 0.23 0.45 0.68 1.25 1.23 0.26 0.63 0.62 1.13 1.45 
80 0.27 0.53 0.85 1.4 1.42 0.34 0.72 0.84 1.36 1.92 
100 0.32 0.60 0.94 1.54 1.81 0.43 0.87 0.92 1.59 2.26 

 
 

Table 5. Chemical Oxygen Demand, Removal Efficiency dyes, using g-C3N4/BiVO4 photocatalyst 
Irradiation 

Time 

in minutes 

Chemical Oxygen Demand Removal Efficiency 

RhB 4-CP 

g-

C3N4 

BiVO4 GBV1 GBV2 GBV3 g-

C3N4 

BiVO4 GBV1 GBV2 GBV3 

0 31 29 24 32 33 25 28 22 26 30 
20 56 34 37 40 42 30 35 34 35 42 
40 61 48 41 46 57 33 42 38 39 54 
60 67 52 54 52 69 37 46 42 43 62 
80 65 60 57 56 76 44 50 47 49 69 
100 62 65 63 60 86 47 56 52 54 72 
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Table 7. The relationship between g-C3N4/ZnWO4  of ln𝐶𝑜𝑛𝑠𝑜

𝐶𝑜𝑛𝑠𝑇
 (%) under visible light irradiation time. 

Irradiation 

Time 

in minutes 

ln
𝑪𝒐𝒏𝒔𝒐

𝑪𝒐𝒏𝒔𝑻
 (%) 

RhB 4-CP 

g-

C3N4 

ZnWO4 GZW1 GZW2 GZW3 g-

C3N4 

ZnWO4 GZW1 GZW2 GZW3 

0 0.085 0.17 0.15 0.13 0.10 0.09 0.05 0.17 0.12 0.14 
20 0.12 0.20 0.24 0.25 0.32 0.11 0.109 0.24 0.20 0.27 
40 0.14 0.24 0.29 0.42 0.54 0.14 0.12 0.37 0.31 0.41 
60 0.15 0.28 0.38 0.65 0.73 0.16 0.14 0.41 0.43 0.64 
80 0.19 0.31 0.45 0.74 1.02 0.19 0.19 0.472 0.50 0.92 
100 0.21 0.37 0.52 0.84 1.21 0.21 0.24 0.54 0.61 1.18 

 
 

Table 8. The Chemical Oxygen Demand Removal Efficiency of g-C3N4/ZnWO4. 
Irradiation 

Time 

in minutes 

Chemical Oxygen Demand Removal Efficiency (%) 

RhB 4-CP 

g-

C3N4 

ZnWO4 GZW1 GZW2 GZW3 g-

C3N4 

ZnWO4 GZW1 GZW2 GZW3 

0 21 24 29 24 25 22 21 20 23 25 
20 30 36 35 37 41 36 30 33 35 34 
40 38 46 46 48 61 48 42 45 42 46 
60 43 63 58 52 70 45 55 52 55 56 
80 48 72 63 64 83 51 67 57 59 67 

100 52 80 72 78 97 55 78 62 63 85 
 
 

Table 10. The kinetic plot relating to the degradation rate at different photocatalysts 
Irradiation 
Time 
in minutes 

lnC0/C  
RhB 4-CP 
g-
C3N4 

CuWO4 GCuW1 GCuW2 GCuW3 g-
C3N4 

CuWO4 GCuW1 GCuW2 GCuW3 

0 1.05 1.03 1.029 1.08 1.02 1.072 1.09 1.074 1.096 1.01 
20 0.97 0.90 0.92 0.84 0.79 0.97 0.96 0.85 0.87 0.85 
40 0.93 0.84 0.83 0.78 0.52 0.92 0.92 0.76 0.72 0.62 
60 0.90 0.78 0.63 0.68 0.44 0.89 0.86 0.58 0.58 0.54 
80 0.87 0.72 0.56 0.57 0.38 0.83 0.75 0.49 0.42 0.30 
100 0.84 0.70 0.46 0.50 0.30 0.76 0.66 0.35 0.25 0.12 

 
 

Table 11. Chemical Oxygen Demand removal efficiency of various photocatalysts over 0-100 minutes. 
Irradiation 
Time 
in minutes 

Chemical Oxygen Demand Removal Efficiency(%) 
RhB 4-CP 
g-
C3N4 

CuWO4 GCuW1 GCuW2 GCuW3 g-
C3N4 

CuWO4 GCuW1 GCuW2 GCuW3 

0 22 42 55 44 61 26 56 29 32 30 
20 35 49 64 52 63 32 48 32 40 38 
40 41 52 63 68 67 35 42 42 44 47 
60 45 53 65 73 72 38 52 55 53 56 
80 53 57 63 75 75 42 56 58 59 63 
100 59 65 74 79 80 46 60 62 64 70 
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Table 13. Comparison analysis of nanocomposites over measures of degradation rate constant K(m-1), COD 
removal efficiency, and Degradation rate. 

Parameters  Samples 

g-C3N4/ MnWO4 g-C3N4/ BiVO4 g-C3N4/ ZnWO4 g-C3N4/ CuWO4 
degradation rate 
constant K(m-1) 

RhB 0.0842 0.0821 0.0914 0.0812 
4-CP 0.0504 0.0643 0.0731 0.0715 

COD removal 
Efficiency (%) 

RhB 92 86 97 80 
4-CP 86 72 85 70 

Degradation 
rate at 100 min 

RhB 97 89 99 89 
4-CP 92 94 89 75 
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