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Photocatalytic degradation of Rhodamine B (RhB) was studied using the photocatalyst 
GEL/CdS/PVANCs under solar light irradiation. The crosslinked GEL/CdS/PVANCs catalyst was 
prepared by using gamma irradiation as initiator. Glutaraldehyde (0.5% v/v) was incorporated after 
irradiation to crosslink the gelatin chains. The prepared photocatalyst was characterized by an 
infrared spectrophotometer (IR), X-ray diffraction (XRD), transmission electron microscope (TEM) 
and ultraviolet–visible (UV–Vis) spectroscopy. The photocatalytic activities of the composites were 
investigated by the degradation of Rhodamine B (RhB) as a standard dye. The factors affecting the 
adsorption capacity of RhB onto GEL/CdS/PVANCs, such as catalyst concentration, RhB 
concentration and reaction pH on degradation were investigated. The degradation efficiency of RhB 
increased as pH increased upto pH 10. Then started decreasing at pH values higher than pH 10. It 
was verified that the RhB degradation rate fits a pseudo-first-order kinetics of the 
GEL/CdS/PVANCs amount. The degradation kinetics was fined to fit well Langmuir–Hinshelwood 
rate law.  

 
  

  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

INTRODUCTION 
 

In both developing and industrialized countries, a growing 
number of organic pollutants are discharged into all kinks of 
open waters [1]. Among those organic pollutants, soluble 
organic dyes are one of the major groups of pollutants in the 
wastewater. Organic dyes used in textile and food industries are 
their important sources of the environmental contaminations 
due to their non biodegradability and high toxicity to aquatic 
creatures and carcinogenic effects on humans. Hence, removal 
of dyes. From such waste waters is a major environmental 
problem and complete dye removal is necessary because dyes 
will be visible even at low concentrations[2]. 
 

Rhodamine B (RhB) is an important dye, which is widely used 
in textile, printing, paper, pharmaceutical and food 
industries[3]. It causes carcinogenic and teratogenic effects on 
public health[4]. Also, causes irritation to skin, eyes and 
respiratory tract. It is also a well-known water tracer 
fluorescent. In recent years, there are many research works[5-7] 
focusing on the degradation mechanism of RhB, most of them 
concerned the mechanism under visible illumination, and N-
deethylation of RhB was the main degradation mechanism. 
Therefore, the control against dye wastewater pollution is an 
important issue to tackle throughout the world.  

"Photocatalytic degradation of organic pollutants using 
semiconductor photocatalysts has attracted considerable 
amount of research interests because It is considered a potential 
solution to solve environmental pollution[7]. Consequently, the 
design and development of the efficiency of photocatalysts is 
the key issue and main challenge for the degradation of organic 
pollutants."The photocatalytic oxidation is one of the emerging 
technologies for the elimination of organic micropollutants 
because of the efficiency in their mineralization, ideally 
producing as end products CO2, H2O, and inorganic mineral 
ions[8],[9],[10]. Among them, photocatalytic degradation has 
attracted widespread attention due to its low cost, simplicity, 
high efficiency, and low secondary pollution. Photocatalysis 
has been an active area of research for several years owing to 
its potential application in water decontamination and hydrogen 
production[10]. In recent years, semiconductor photocatalysts 
have a promising potential to utilize solar energy to solve many 
related problems, such as organic pollutants degradation and H2 
production from water splitting [11],[12]. 
 

Cadmium sulfide (CdS),as an n-type semiconductor, has been 
attracting increasing attention as a visible-light catalyst due to 
its narrow band gap at 2.42 eV (512nm) [13],[14]. CdS has 
been regarded as a promising photocatalytic water-splitting 
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visible-light photocatalyst, but there exist some problems in the 
use of CdS nanoparticles including photocorrosion and higher 
toxicity [15]. It is well known that CdS undergo photocorrosion 
upon irradiation because of oxidizing holes which cause 
semiconductor decomposition into sulfur and metal ions[16]. 
Therefore, it is absolutely vital to develop a suitable method to 
solve the above two problems of this material. Recently, 
several attempts have been made to address the above two 
problems and this is a very active topic of research in CdS 
photocatalysis[15]. At the same time, the used up catalyst 
suspensions in slurry need centrifugation that is expensive in 
terms of time and reagents. So, it is still a great challenge to 
immobilize powdery photocatalysts by a facile, economical and 
effective method. Currently, a radiation synthesis method is 
widely used as a facility and efficient method for the synthesis 
of nanocomposites with different photocatalysts on different 
carriers owing to its recyclability, simple operation and low 
cost. Thus, a radiation synthesis method to obtain recyclable 
CdS nanocomposites with high photocatalytic activity is highly 
desirable. 
 

Recently, some groups have reported the preparation of the 
nanocomposites using gamma ray irradiation[17],[18]. There 
are many advantages in using gamma ray radiation, such as no 
need to use initiators, cross linking agents, or other auxiliary 
substances. This helps to reduce costs, makes the technology 
simple, does not lead to byproducts and waste, and lead to the 
production is of high purity products[19]. Many researchers 
have focused on further improving the photoactivities and 
photostabilities of CdS. One of the approaches is to combine 
CdS with supporting materials to accelerate the charge 
separation and migration in the photocatalytic procedure 
[20],[21]. Fu et al. [22], prepared CdS/RGO nanocomposites 
using gamma ray irradiation–induced reduction method and 
evaluated for the photocatalytic degradation of  Rhodamine B. 
The prepared CdS/RGO nanocomposites under dose of 300 
kGy and containing 83.4 wt % CdS demonstrated good 
photocatalytic performance for Rhodamine B with a 
degradation efficiency of 93% under visible light. Makama et 
al. [23] reported visible light active CdS/TiO2 nanocomposites 
containing various CdS content were successfully synthesized 
using microwave-assisted hydrothermal synthesis. The 
photocatalytic activities of the samples were studied using 
methylene blue as a model pollutant. Han et al. [24] produced a 
ternary hierarchical nanostructure, CdS-1D ZnO-2D GR, made 
up of CdS-sensitised 1D ZnO nanorod arrays on a 2D graphene 
(GR) sheet, which served as an efficient visible-light-driven 
photocatalyst. Such novel materials and the fact that they were 
synthesized at low temperature open up new opportunities for 
designing highly effective and sought after solar driven 
photocatalysts. Mechanistically, CdS photocatalyst is first 
evoked by relevant light and subsequently initiates the 
photodegradation of contaminants. At first, CdS photocatalyst 
is first evoked by relevant light to create electrons. The 
electrons are then scavenged by molecular oxygen O2 to yield 
the superoxide radical anion O2

•− (Eq. (2)) and hydrogen 
peroxide H2O2 (Eq. (3)) in oxygen-equilibrated media. These 
new formed intermediates can interact to produce hydroxyl 
radical • OH (Eq. (4)). It is well known that the •OH radical is a 
powerful oxidizing agent capable of degrading most pollutants 
(Eq. (5)) [25]: 

 
In this research, GEL/CdS/PVANCS has been synthesized by 
initiating the polymerization reaction by gamma-ray 
irradiation. Our aim of this study is to examine the 
photocatalytic process of the Rhodamine B dye under solar 
irradiation 
 

Experimental 
 

Materials 
 

Gelatin (GEL) (Sigma–Aldrich Company) and polyvinyl 
alcohol (PVA), of purity 99% (Merck, Germany) were used as 
received. CdCl2, sodium thiosulfate (Na2S2O3·5H2O), were 
purchased from Aladdin.  
 

The dye used in the experiments was Rhodamine B (RhB) (λmax 
= 554 nm). This dye is depicted in Chart 1. The dye was 
commercial grade and was used without any further 
purification. The other chemicals were reagent grade and used 
as received. The structure of the RhB dye is shown below: 

 
 

Synthesis of Gelatin/CdS/PVA nanocomposites 
(GEL/CdS/PVANCs) 
 

In a typical method, GEL/CdS/PVANCs were prepared 
according to the method reported  in previous work by Ghosh 
et.al [26]. Particularly, at first, 0.3 g of gelatin was dissolved in 
30 ml of distilled water to make a 3% aqueous solution under 
ultrasonic stirring for 1.5 h at room temperature. A 5-ml aliquot 
of CdCl2 stock solution (2.0 mM) in water was added to 10 ml 
of gelatin solution and vigorously stirred for 10 min, 
subsequently, an appropriate amount of freshly prepared 
aqueous solution of sodium thiosulfate (10 ml, 1.2 M). 
Subsequently, 10 ml of PVA (10 wt%) was added to the mixed 
suspension solution and the mixture was dispersed with 
ultrasonic, at room temperature for 60 min. The reaction 
mixture was purged with nitrogen for 8–10 min to expel 
oxygen from the reaction mixture and irradiated in Co60 gamma 
ray cell 220 ( nordion INT-INC, Intario, Canada) facility of 
King Abdulaziz City for Science and Technology (KACST), 
Riyadh, Kingdom of Saudi Arabia. The polymerization was 
carried out at 30 kGy at a dose rate of 1.2 kGy/h. After 
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irradiation, samples were immersed in glutaraldehyde (0.5% 
v/v) solution for 6 h. 
 

The S2− ion was combined with Cd2+ chelated in crosslinked 
composite to form yellow CdS nanocrystals. The composite 
turned color from a chromaticity to yellow, indicating the 
successful formation of CdS nanocrystals in the 
nanocomposite. After the reaction was completed, the resulting 
nanocomposite was washed with absolute ethanol and double 
distilled water for three times, respectively, and dried in air 
atmosphere in an oven at 50 ◦C. 
 

Characterization  
 

Absorption spectral measurements were carried out with 
Shimadzu UV-2450 UV- visible spectrophotometer.  
 

FT-IR spectra were recorded on Mattson 1000, Unicom 
infrared spectrophotometer Cambridge, England in the range 
from 400–4000 cm−1 using KBr pellets. 
 

X-ray diffraction patterns were obtained with XD-DI Series, 
Shimadzu apparatus using nickel-filtered and Cu-Kα radiation 
(λ = 1.54056Å).  
 

Scanning electron microscope-Japan), with an energy 
dispersive spectroscopy (EDS) X-ray spectrometer. For TEM 
measurement samples were grounded and suspended in 
ethanol, and a drop of the resultant mixture was deposited on 
an ultra thin, carbon-supported Cu grid, and air-dried. Energy-
filtered electron powder diffraction used TEM JEOL: JEM-
100cx.  
 

RhB adsorption isotherms 
 

In the batch adsorption experiments, 20 mg of photocatalyst 
and 50 ml of RhB solution with varied initial concentrations 
was added into 100 ml flasks, which were shaken at 25◦C for 
120 min. After the photocatalyst particles were removed by 
centrifugation, the residual concentration of RhB was 
determined spectrophotometrically at λ = 554 nm. The qe of 
photocatalyst for RB were calculated by below Eq.:  
 

푞 = 	 ( 	 	) 	      
                  
where qe is the amount of dye adsorbed per unit mass of 
adsorbent (mg/g). Co and Ce are initial concentration and the 
equilibrium concentration (mg/l), respectively, V (l) is the 
volume of the RhB solutions and W (g) is the weight of the 
photocatalyst. 
 

Photocatalytic degradation studies  
 

The visible light photo catalytic performance of the 
GEL/CdS/PVANCs were estimated for the degradation of Rh.B 
as model pollutant dyes and the rates of degradation were 
calculated. 
 

A 20 mg of the GEL/CdS/PVANCs was suspended in 100 ml 
of RhB solution (25 mg l−1), then irradiated under solar light. 
Prior to irradiation, the reaction mixture was stirred in the dark 
for 1 hour to reach the adsorption/desorption equilibrium. After 
equilibrium, the RhB concentration (non-adsorbed) was 
detected and taken as initial concentration for photocatalytic 
process. After that, it was irradiated with sunlight. 
 

At periodic intervals, about 5 ml was withdrawn and the extent 
of degradation was then analyzed by spectrophotometer at 554 

nm. The experimental studies were carried out by varying 
concentrations of RhD within a range of 25–150 ppm. The 
photodegradation rate for each experiment is calculated using 
the following equation (2): 

               (2) 
 

where, Co the concentration of RhB before illumination and C 
the concentration of RhB in suspension after time t (mg l-1).  
The total uncertainly for all experiments ranged from 3–5%. 
 

RESULTS AND DISCUSSION  
 

Characterization of GEL/CdS/PVANCs 
 

In order to examine the differences between GEL/CdS /PVA 
and GEL/PVA, the FTIR spectra were applied to the study. The 
FTIR spectrum of GEL/CdS /PVA (Fig. 1b) showed many of 
the changes from that of GEL/PVA (Fig. 1a). The wide peak at 
3365cm−1, corresponding to the stretching vibration -OH, -NH2 
and -CONH groups, shift to 3325 cm−1and became broader and 
stronger, which indicated the strong interaction between these 
groups and CdS [27]. The peak at 405cm-1 corresponded to the 
characteristic peak of CdS. Also, the spectrum of GEL/CdS 
/PVA showed the disappearance of the band at 1595cm−1 and 
the buildup of the band at 1656cm−1, which might relate to the 
consumption of -NH2 groups, as a result of the crosslinking 
process and the complexation [25]."The FTIR spectrum of the 
GEL/PVA showed the peak around 3400 cm-1 indicates the 
presence of O–H group with polymeric association and a 
secondary amide. The peak at1728 cm-1, indicate the 
esterification of PVA and gelatin."This is in agreement with 
Dharmendra et al. [28]. 
 

 
 

Fig 1 FTIR spectra of GEL /PVA and GEL/CdS/PVANCs. 
 

TEM image of the GEL/CdS/PVANCs (Fig. 2) indicate CdS 
particle disperse well and the average size of CdS nanoparticles 
is ~ 10-15 nm.  
 

The nanoparticales are randomly distributed and their 
particulars are not equally uniform throughout the matrix.  
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Fig 2 TEM micrograph of GEL/CdS/PVANCs 
 
Fig. 3 shows the EDS spectrum of the GEL/CdS/PVANCs. The 
presence of Cd and S peaks confirmed the successful formation 
of CdS nanostructures. 
 

 
 

Fig 3 EDX spectra of GEL/CdS/PVANCs. 
 

XRD patterns of pure GEL/PVA and GEL/CdS/PVANCs are 
shown in Fig.4, indicating the existence of CdS particles. The 
XRD pattern of GEL//PVA  (Fig. 4a) revealed the 
characteristic peak  at 2θ = 20.43°, which agree with the pattern 
of the hydrate polymorph of GEL/PVA reported 
previously[29]. The XRD patterns for GEL/CdS/PVANCs 
(Fig.4b) exhibited the additional peaks at 2θ = 27. 081° (111), 
45.4° (220), and 52.6° (311), which is an agreement with the 
cubic phase of CdS (JCPDS 75-1546), respectively [30], which 
also indicated that the cubic CdS nanocrystal structure was 
formed successfully in the GEL/CdS/PVANCs.  
 

The crystallite size (D) of CDs, crystals were calculated from 
the Debye-Scherrer equation  [31]: 
 

D = Kλ/(βcosθ) 
 

where λ → wavelength of Cu Kα line (λ = 1.5406 Å), θ → 
diffraction angle (in radian) of the considered diffraction peak,  
β is the full-width at half maximum intensity and K is a 

Scherrer constant taken as 0.90 for the almost spherical 
particles. 
 

The crystallite size as calculated from Scherrer equation was 
found to be around 8-10 nm. Obviously, the size calculated 
from XRD results is smaller than observed from TEM 
micrograph. 
 

 
 

Fig 4 XRD patterns of (a) GEL/PVA and (b) GEL/CdS/PVANCs. 
 

Photocatalytic degradation of  RhB 
 

Photocatalytic activity 
 

The photocatalytic efficiency of GEL/CdS/PVANCs were 
evaluated by the degradation of RhB in aqueous solutions at 
three different experimental conditions, and showed in Fig. 5. It 
can be seen that, almost no RhB photodegradation for two 
cases: (i) for the mixture of RhB and water in as-mixed state 
and (ii) when the irradiation was carried out in the absence of 
GEL/CdS/PVANCs at 4 hours. These results indicate that the 
absence of RhB degradation in such mixtures. In non irradiated 
suspensions, almost insignificant degradation of the RhB was 
observed with only 6.95%, due to adsorption of RhB molecules 
onto GEL/CdS/PVANCs [9]. Also, it can be noted that the 
experiment in the absence of GEL/CdS/PVANCs showed 
almost no RhB degradation, implying that the self photolysis of 
RhB is insignificant when irradiated with visible light. 
However, in the presence of catalyst a rapid degradation of 
RhB occurred by irradiation. This result obviously indicates 
that the photocatalytic activity of RhB contaminate degradation 
is effectively enhanced in the presence of CdS.   

 Irradiation time (min)
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Fig 5 Visible light induced photodegradation efficiency of RhB dye at different 
GEL/CdS/PVANCs. 

Effect of amount of catalyst 
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Photocatalyst amount is one of the critical parameters affecting 
the efficiency of degradation. In order to evaluate the 
photocatalytic activity of the amount of photocatayst, a series 
of experiments were conducted where the catalyst amount 
varied from 0.1 to 0.40 g, at dye concentration of 25 mg/l. The 
results are shown in Fig. 6a. It was observed that as the amount 
of GEL/CdS/PVANCs was increased. Higher concentrations of 
photocatalyst were thought to absorb more incident photons 
and produce more photo generated charge carriers, up to an 
optimum value of dosage where the maximum photocatalytic 
activity was realized. But after 0.30g, there is a decrease in 
degradation efficient of  RhB [27].  This can refer to the fact 
that, the solution becomes turbid and hence cause shields the 
light and hinder the light penetration. In addition, the photons 
could not be continuously injected into photocatalyst particles 
and may have accelerated their combination of electrons and 
holes  [29] 
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Fig 6 (a) Effect of illumination time (min) on photo-degradation efficient  (%) 
of RhB onto GEL/CdS/PVANCs. Control: temp.: 30◦C; t: 80 min at different 

of catalyst amount (b) first-order photo-degradation kinetics at different 
GEL/CdS/PVANCs. 

 
The photocatalytic degradation of RhB follows a pseudo first 
order Langmuir-Hinshelwood (LH) model. At low 
concentrations apparent rate order can be expressed as ,[32]: 
 

                          

where C0 is the initial reactant concentration (mg/l) and t the 
illumination time (min). The apparent rate constant, kobs can be 
taken as the apparent first order rate constant of the degradation 
reaction. A plot of ln(C0/Ci) versus t yields a slope of  kobs. The 
linear graph of –ln Co/C versus time (min) confirms the pseudo 
first order reaction  for the RhB degradation. The apparent rate 
constant  kobs (min-1) increase with the increasing of the amount 
of catalyst dosage upto 0.30g when other parameters are kept 
unchanged as shown in Fig.6b. The derived apparent reaction 
rate constants (kobs) for the catalysts which have pseudo first-
order kinetic and linear regression coefficients are summarized 
in Table 1. The table confirms the aforementioned 
interpenetrations where the increase in the amount of catalyst 
results in an increase in the rate of the reaction. This result can 
be attributed to the increase in the number of photons absorbed 
and the reaction rate was accelerated, and also the number of 
dye molecule adsorbed [30]. As shown in Table 1, the 
polymeric nanocomposites have higher photocatalytic activity, 
which is represented by the largest kobs value.  Table 1 

 
 
 
 
 
 
 
 

 
Effect of Initial RhB Dye Concentration 
 

Fig. 7. shows the effect of the initial RhB concentration on the 
photocatalytic degradation efficiency. The initial RhB 
concentration in this study was varied from 25-150 mg/l. It can 
be seen from the figure that the degradation efficiency of RhB 
tended to decrease with initial RhB concentration increased. 
Similar results have been presented for the photocatalytic 
oxidation of other organic compound [7],[9],[29]. A possible 
explanation is that the generation of •OH on the catalyst 
surface is reduced when the initial RhB concentration is 
increased.  More RhB dyes are adsorbed on the surface of 
GEL/CdS/PVANCs will make fewer active sites available for 
the •OH adsorption.  
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Fig 7 Effect of initial RhB concentration on the photodegradation efficiency 
(catalyst amount = 0.1 g/100 ml). 

 
 

Table 1 Pseudo-first order rate constants for the 
degradation and linear regression coefficients of the 

catalyst amount of GEL/CdS /PVANCs. 
 

Catalyst kobs (min-1) R2 
0.0 g 1.49 x 10-3 0.900 
0.10 g 9.54 x 10-3 0.986 
0.30 g 2.815 x10-2 0.990 
0.40 g 2.052 x 10-2 0.995 
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Also, the solution transmittance decreased, resulting in fewer 
photons reaching the GEL/CdS/PVANCs surface to activate it 
to generate hydroxyl •OH and O2

•-  radicals. Hence, large 
amounts of adsorbed RhB would have an inhibitory influence 
on the reaction between RhB molecules and hydroxyl radicals 
due to the lack of any direct contact between them. 
 

Effect of pH  
 

"pH An important parameter in the photocatalytic reactions 
taking place on the particulate surfaces is the pH of the 
solution, since it governs the surface charge properties of the 
photocatalyst and size of aggregates it forms" [9] .The effect of 
pH was carried out at different pH values ( in the range 3 - 12) 
at dye concentration (25 mg/l) are shown in  Fig. 8. It can be 
seen  from the figure that the degradation efficiency of RhB 
increased as pH increased upto pH 10 after this value resulted 
in a decrease. 
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Fig 8 Effect of pH on the photodegradation efficiency (%) of RhB dye onto 

GEL/CdS/PVANCs.  (Conc.: 25 mg/l; temp.: 30 °C; t: 4 h). 
 

The variation is not due to any change in the absorption of light  
as the λmax for the dye changes very little (551-553 nm) in the 
pH  range of 3-12 even though rhodamine exists in two 
principal  forms in water, ie cationic (RhB+) or zwitter ionic 
(RhB±) [33]. In the acidic range the dye will be in cationic form 
(RhB+).  Thus, electrostatic repulsion may occur between RhB 
and the catalysts, resulting in the decrease of the degradation 
efficiency. At higher pH value, the RhB+ gets deprotonated and 
its Zwitter ion is formed. In addition, alkaline pH conditions 
can help in the production of •OH radicals, which assists in the 
degradation through •OH radical oxidation mechanism. All of 
these can promote the degradation of RhB and the reaction 
intermediates. Above pH 10, the catalyst surface may be 
covered by OH− ions and hence it is negatively charged. Since 
RhB is not protonated above pH 10 it will be repelled by the 
negatively charged surface of catalysis. Hence, the degradation 
efficient decreased above pH 10. 
 

Photocatalytic reaction mechanism  
 

"The use of composite materials is a technique used to reduce 
the hole-electron pair recombination induced by the 
photocatalytic processes. Materials such as metals, metal 
oxides and organic molecules can be used for these purposes 
[34], [35]. In the presence of air or oxygen, the irradiated 

semiconductor nanocomposites are capable of destroying many 
organic contaminants. On the surface of the CdS is activated by 
a photon of light(hυ) and produces electron–hole pairs which 
are strong oxidizing and reducing agents: " 
 

CdS + hυ → CdS(h+)  + CdS (e-)         
 

Most of the photo-generated electrons and holes react with H2O 
and oxygen O2 [36], [37]. 
 

 
 

 

 

 
 

 

   
 

It is well known that the•OH radical is a powerful oxidizing 
agent capable of degrading most pollutants. The presence of O2 
can prevent the re-combination of hole–electron pairs. 
Successive reactions let the oxidation of the RhB and the 
complete photodegradation. Normally, RhB was found to be 
very stable under solar light irradiation in the absence of 
catalysts. "According to some investigations one possible 
mechanism for the degradation of RhB is composed of three 
main steps are involved. They are (1) N-deethylation, (2) 
cleavage of the chromophore, (3) mineralization of dye" [7], 
[35],[38]. 
 

The photostability and reusability of GEL/CdS/PVANCs were 
further studied by collecting and reusing the photocatalyst for 
five cycles. The results revealed that the catalytic activity of the 
used catalyst shows nearly 96 % repeatability in the first 2 
cycles and minor drops of 13 % of activity upto 3 cycles. This 
result proves that the catalyst has an excellent stability and 
great potential application. 
 

CONCLUSIONS 
 

The above studies demonstrate that the gamma irradiation 
technique can be used to prepare GEL/CdS/PVANCs and can 
efficiently catalyze the degradation of RhB dye in the presence 
of sunlight. The reaction rates of photocatalytic degradation of 
RhB were influenced by pH values, which could affect the 
surface characteristics of GEL/CdS/PVANCs and the 
distribution of reactive species. High photocatalytic activity 
was observed with a medium pH of 10. The photocatalytic 
degradation of RhB dye decreased as the initial RhB dye 
concentration increased. The photocatalytic degradation of 
RhB in aqueous GEL/CdS/PVANCs follows a pseudo-first-
order kinetics. Moreover, comparison studies revealed that the 
Gel/CdS/PVANCs  had a higher photocatalytic  efficiency than 
pure CdS. This study presents a low cost, green, rapid, and a 
simple procedure for the degradation of dye pollutants in 
aqueous wastewater solutions. 
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