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In this study, the photocatalytic degradation of textile dyes using ZnO-
CdS/Pd nanocomposites synthesized via a hydrothermal approach was 
investigated. The nanocomposite was characterized using X-ray diffraction, 
FESEM, TGA, and TEM, and its photocatalytic activity was evaluated 
through degradation of birillant green dye under exposure to solar light. 
The results showed that the optimum mass of Pd/ZnO-CdS nanocomposite 
for efficient photodegradation was 0.4 g/L, with a degradation efficiency 
of 86.6%. Scavenging experiments revealed that hydroxyl and superoxide 
radicals played a significant role in the degradation of birillant green dye. 
Additionally, the study summarized some of the fundamental chemical 
and physical features of H2O/O2

-, H2O2, and OH radicals, as well as how 
nanoparticles interact with nanocomposites and metal ions. The findings 
suggest that ZnO-CdS/Pd nanocomposite has the potential to be used 
for the removal of organic contaminants from textile waste due to their 
improved photocatalytic activity.

INTRODUCTION
Environmental contamination caused by 

industrial waste is one of the biggest challenges 
facing the world today. This pollution is worsening 
and negatively impacting our daily lives, and 
urgent action is needed to find a solution. 
Industrial waste poses a significant threat to the 
ecosystem, particularly water, due to the vast 
amounts of industrial water discharged every 
day [1-4]. Textile factories, laundry and clothing 
dyeing, the oil industry, pharmaceuticals, iron and 
steel, paper, food, and power plants are some of 
the major sources of pollutants that are released 
into rivers and seas, causing harm to aquatic life 
and the food chain [5-8].

However, it has been found that using energy 
to eliminate these pollution sources has led to an 
increase in carbon dioxide emissions, contributing 
to global warming. Therefore, while we cannot 
stop technological and industrial progress, it is 
essential to develop new substances that do not 
harm the environment [9-11]. The photocatalysis 
process is crucial in this regard, as it aims to use 
renewable energy sources like sunlight to return 
environmental conditions to their normal state 
[12].

The photocatalysis process involves using 
light as an activator for a substance to increase 
the rate of a chemical reaction without taking 
part in the reaction itself. This process can be 
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used for water treatment and purification, as 
well as the decomposition of toxic nitrogen 
oxides in the air, and air purification in homes, 
workplaces, and other settings [13-16]. Zinc oxide 
and cadmium sulfide have several applications 
as semiconductors, including catalysis, electronic 
devices, and energy conversion. CdS is a flexible 
and effective material that is resistant to corrosion, 
affordable, and can react under normal conditions 
in the form of raw or functionalized powder or thin 
film [17-20].

Research has extensively studied the 
development of the photocatalytic process. To 
dispose of organic pollutants using zinc oxide and 
cadmium sulfide and produce a material that can 
be utilized commercially in various applications, 
it is ideal for the photo catalysis process to be 
carried out in visible light rather than being limited 
to infrared or ultraviolet light [21-23]. 

MATERIALS AND METHODS
The chemical compounds used in this study 

were obtained from commercial sources and 
used without purification. Highly pure reagents, 
including cadmium acetate (Cd(CH3COO)2.2H2O), 
zinc acetate (Zn(CH3COO)2.2H2O), methanol 
(CH3OH), sodium sulfide (Na2S), and palladium 
chloride (PdCl2), were purchased from Sigma-
Aldrich.

Preparation of ZnO- CdS\Pd nanocomposite
The nanocomposite was prepared in two steps. 

Firstly, a hydrothermal system was used to prepare 
the ZnO-CdS nanocomposite by using oxalic acid 
(8 g), zinc (5 g), cadmium (2 g), and sodium sulfide 
(1 g). The mixture was thoroughly blended for 30 

minutes and then poured into a Teflon cup, which 
was closed and placed into an electric furnace held 
at 160 °C for 24 hours. The resulting mixture was 
washed with water at least four times and dried 
overnight in a 60°C oven.

Secondly, to prepare the ternary nanocomposite, 
a deposition process was conducted. 0.5 g of 
yellow nano-powder ZnO-CdS and 0.05% pdCl2 
were placed in a quartz cell with 100 ml of 
methanol/deionized water (v/v 1%). The mixture 
was exposed to nitrogen gas for 10 minutes while 
continuously magnetic stirring, then sonicated 
before being irradiated. The resulting powder was 
washed several times with deionized water using 
an ultrasonic device and dried at 65°C for 24 hours.

Experiments involving photocatalysis
Photocatalytic degradation was carried out in 

an experimental setup consist of a home-made 
photoreactor and Irradiation sourceis Philips 
mercury lamp UVT (A), and Thorlabs.

Photocatalytic activity of the prepared 
photocatalyst has been tested by Brilliant 
green (BG) dye under solar light irradiation. 
A common approach involves adding 0.4 g of 
nanocomposite at the same optimum conditions. 
The photocatalytic mixture was agitated for 10 
minutes while being kept in a dark area to achieve 
equilibrium (adsorption vs desorption). The 
solution was then irradiate for 60 minutes. 

Degradation efficiency (%) = (1 − C/C0) × 
100% [24]. 

 Where C0 is the initial concentration of BG, and 
C is the concentration after irradiation.

 
  

Fig. 1. Real image of photos demonstrate the effectiveness of the photocatalytic process.
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The real image appear in Fig. 1 demonstrate the 
effectiveness of the photocatalytic process as the 
removal rate was attained utilizing the overlaid 
brilliant green dye after 60 min, which has an 
optimum weight of 0.4 g of the catalyst at and an 
optimum concentration of the dye (50 mg/L) for 
and the intensity of 1.27mW/cm2. 

RESULTS AND DISCUSSION
Characterization of nanocomposite

X-ray diffraction (XRD) has been a crucial 
experimental technique for addressing various 
aspects related to the crystal structure of solids, 
including lattice constants, geometry, and 
identification of unidentified materials, for an 
extended period of time. Fig. 2a-b illustrates the 
powder X-ray diffraction patterns of a pure ZnO-CdS 
nanoparticle and a ZnO-Cds/Pd nanocomposite. 
The lower crystallinity of CdS compared to 
ZnONPs and the presence of crystalline ZnO NPs 
contribute to this difference. In the Pd-doped 
ZnO-CdS nanocomposite, only the binary ZnO-CdS 
crystalline structures match the diffraction peaks, 
and a clear Pd peak is absent, likely due to the 
low intensity and content of Pd. Pd doping causes 
the peaks to widen and shift to higher positions, 
indicating a decrease in particle size[25].

TEM analysis was conducted to examine the 
morphology of the ZnO-CdS powders. As shown 
in Fig. 3a, the undoped powder consisted mainly 
of nanoflake and polygon-like structures. Fig. 
3a revealed a regular hexagonal arrangement, 
whereas Fig. 3b indicated that the CdS particles 

in ZnO-CdS were notably larger than the average 
size of Pd-doped ZnO-CdS nanocomposites. 
However, purification produced homogeneous 
and crystalline ZnO-CdS nanoparticles with 
constant particle sizes. The uniformly dispersed 
doped ZnO-CdS nanostructure had a size of 100 
nm. Several research results have supported the 
optical effective mass approximation model, 
which suggests that the particle size is affected by 
the amount of doping present, and it decreases 
as the degree of doping increases. TEM images 
revealed the poor crystallinity of Pd-doped ZnO-
CdS nanocomposites. Our findings demonstrated 
that the Pd ion was effectively deposited onto 
the ZnO-CdS surface and the binary ZnO-CdS was 
successfully assembled [26, 27].

Additionally, the binary composite ZnO-CdS 
was characterized both before and after doping 
with palladium using FE-SEM. The surface of 
ZnO-CdS binary nanocomposites (shown in Fig. 
4a) appeared as spherical pallets with highly 
distributed surface. However, some agglomerated 
surface areas were also observed, especially in 
pallets with a size of 500 nm. The FESEM image 
of ZnO-CdS binary nanocomposites’ surfaces 
(Fig. 4b) showed widely scattered platforms and 
a bumpy surface. A stretcher with a size of 500 
nm was used to observe it. A Pd-doped ZnO-
CdS nanocomposite that revealed a new column 
of nanostructures with a spherical appearance. 
The figure showed the palladium ion in the ZnO-
CdS lattice, and this conformation is controllable 
[28]. By comparing Fig. 4a, we noticed that the 

 

  
Fig. 2. X-ray diffraction patterns of (a) ZnO-CdS and (b) ZnO–CdS /pd.
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Fig. 5. TGA analysis images of ZnO-Cds CdS , a) ZnO- CdS / Pd nanocomposites.

Fig. 4. FESEM images of Zno-cds binary composites a), Pd doped ZnO-CdS nanocomposites b).

Fig. 3. TEM image of (a) Zno-CdS nanoparticles, (b) Zno-CdS/pd nanocomposite.
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ZnO-CdS superimposed dopant Pd displayed 
uniform size and high porosity, making it a 
distinctive and optimum surface for absorbing 
brilliant green dye. Fig. 4b demonstrated that 
the addition of palladium to the original binary 
nanocomposite surface changed the compounds’ 
shape, displaying nanoparticles as an indistinct 
agglomerated surface. The irregular agglomerated 
surface showed a larger particle size due to the 
added amount of dopant Pd in ZnO-CdS binary 
nanocomposites [29].

A thermogravimetric analysis was conducted on 
the sample obtained from the binary composite 
and the nanocomposite after palladium doping 
(Fig. 5). The analysis revealed no significant weight 

loss, indicating the excellent thermal stability of 
the prepared composite [30].

Treatment of dye pollution from aqueous solution
The study presents a method for treating 

water pollution caused by toxic textile dyes using 
a nanocomposite, specifically the ZnO-CdS/Pd 
nanocomposite. A laboratory sample of a 100 ml 
mixture containing various toxic textile dyes such 
as brilliant green dye BG, Congo red (CR), methyl 
violet (MV), crystal violet (CV), methylene blue 
(MB), brilliant blue (BB), and others, was used 
for the treatment. The solution was subjected to 
a photocatalytic degradation system for different 
periods using solar light. The effectiveness of the 

 

  

compound Scavenger type Reactions Percentage of contribution 
(%) 

H2O2 O2•− H2O2 → e- +OH+O2- 99% 

Methanol OH C𝐻𝐻3𝑂𝑂𝐻𝐻 + 𝐻𝐻𝑂𝑂• → (𝐶𝐶𝐻𝐻2𝑂𝑂𝐻𝐻•)+ H2𝑂𝑂 84.4% 

 

Table 1. Roles of reactive oxygen species (ROS)

Fig. 6. Removing the mixture of pollutants under test conditions
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treatment was evaluated by examining the surface 
of the solution with a UVA meter and measuring 
the remaining concentration using a UV-Visible 
spectrophotometer [31-35]. Fig. 6 presents 
the results, which indicate that photocatalytic 
degradation of at least 80% was achieved using 0.4 
g of the ZnO-CdS/Pd nanocomposite.

Roles of reactive oxygen species (ROS)
In order to investigate the critical role played 

by active species in the degradation of reactive 
dyes under solar light exposure, a quenching 
experiment was carried out. Fig. 7 displays the 
experimental data on radical trapping, where 
various ROS were utilized to evaluate their effects 
on the relative photonic efficiencies of BG dye. This 
approach aimed to distinguish the contribution of 
surface reactions involving (OH•, O2•

-, h+) species. 
To provide a summary of the scavengers and their 
interactions with free radicals [36], as show in 
Table 1.

The degradation of BG occurs through a reaction 
pathway that involves the formation of radicals 
from photo-generated electron-hole pairs (e- CB; 
h+ VB). Hydroxyl radicals and electrons and holes 
(e- CB; h+ VB) have an impact on the photocatalytic 
degradation process. The total quantum efficiency 
of photocatalysis is determined by the interfacial 
electron-transfer rate and the photogenerated 
electron and hole recombination lifetime. To 
increase quantum efficiency, the recombination 

of photogenerated holes and electrons is typically 
delayed. This can be achieved by filling the valence 
band holes with electrons from a reductant for up 
to 60 minutes to confirm photocatalytic activity 
[37-39]. To scavenge superoxide radicals, hydrogen 
peroxide was used, and methanol was used to 
scavenge hydroxyl radicals. These two specific 
quenchers were selected because superoxide 
and hydroxyl radicals play a crucial role in the 
degradation of organic contaminants under visible 
light irradiation.

Fig. 7 shows the degradation efficiency between 
H2O2 and Methanol, and the photo catalytic 
degradation changed and decreased, showing that 
OH• can be essential in the photo catalytic.

CONCLUSION
In conclusion, we have successfully created 

Pd-doped ZnO-CdS nanocomposites through 
hydrothermal chemical synthesis, which have 
shown good photocatalytic efficiency with a 
degradation rate of 86.66% within 60 minutes. Our 
scavenging activity experiments have also revealed 
that the presence of primary active species, 
such as O2 radical, is crucial for the degradation, 
while the photocatalytic degradation decreased 
with the absence of OH•. Furthermore, the TGA 
analysis confirmed the composite’s stability with 
no significant weight loss. These results contribute 
to our understanding of photocatalytic material 
synthesis and their potential for organic pollutant 

 Fig. 7. a) Roles of reactive oxygen species (ROS), b) mechanism Scavenger-assisted photodegradation of BG on ZnO-CdS\Pd 
nanocomposite.
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breakdown in wastewater treatment.
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