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ZnO nanoparticles (NPs) are effectively produced using a straightforward, 
efficient, high-yield, and inexpensive mechanochemical combustion 
process at various calcination temperatures. The impact of calcination 
temperature on ZnO nanocomposites’ crystallinity has been investigated 
using X-ray diffraction (XRD). The synthesized ZnO and Ag/ZnO’s XRD 
patterns show a well-crystalline wurtzite ZnO crystal structure. The ZnO 
NPs peak position obtained at 300–600 ◦C calcination temperatures is 
nearly identical to the peak position of ZnO obtained at a temperature 
without calcination. This paper has discussed the hydrothermal method 
of ZnO NPs production and photodepostion of Ag-doped ZnO NPs. 
Additionally, the behavior of the ZnO and Ag/ZnO nanocomposites is 
thoroughly examined in relation to the effects of calcination temperature 
on Transmission Electron Microscopy (TEM), Field Emission-Scanning 
Electron Microscopy (FE-SEM), Energy Dispersive Spectroscopy (EDS), 
and the measurement of specific surface area using the Bruner, Emmett, 
and Teller method.The absorption efficiency changed from 99.87% to 
72.55% when the concentration of BB dye was increased from 10 to 50 ppm. 
Increasing the intensity of the UV light will improve the photocatalytic 
degradation and absorbance efficiency (PDE%) efficiency because the 
catalyst will receive more radiation, which will lead to the production 
of more hydroxide radicals .The photocatalytic efficiency increases from 
77.7% to 97.7% in 1 h.

INTRODUCTION
Industry play main role in the providing human 

necessity and enhancing their life style. However,  
some of industrial activities has negative 
repercussion becuse it because it presents hazards 
and affects the environment [1, 2] .Due to existence 
unfavorable chemical dyes in industry  effluents 
cannot be ignored [3] .Dyes are chemical aromatic 
substances that add color by bond to surfaces and 

dyes are  indispensable substances in the textile, 
pigment dies, paint, dyeing  cosmetic, papers, 
plastics, and pharmaceutical manufacturing [4]. It 
is reported that about 15% of dyes are releasedo 
to the environment during dying processes  [5-7]. 
Especially,organic dyes. Dyes have caused grave 
concern  in scientific society as they not only give 
unaccept-able color and smell to water but also 
some of  them are very poisonous and produce 
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many other toxic  to living organisms directly or 
indirectly by products during their long stay in 
water  bodies owing to their non-biodegradable 
nature [8-10]. This pollutants should be destroyed 
or  converted into harmless chemical substances 
By using chemical, physical, and biological 
techniques include  ion exchange,bio-degradation, 
precipitation, reverse osmosis, coagulation and  
flocculation [11, 12].Some of these treatments 
mentioned above have a major disadvantage of 
simple transferring the pollutants from one phase 
to another phase rather than destroying them , 
which consequently lead to secondary pollution 
[13].

photocatalysis with semiconductors is a 
famous modern and rapid water treatment 
technology.  It has many advantages such as low 
energy-consumption, high efficiency, extensive 
applicability , moderate condition, and decrease 
in secondary pollution [14].

 In the present work,we used nanoparticles 
semiconductors as photocatalyst surface.  
Researchers have become attentive in nanoparticles 
of sizes between 1 and 100 nm for their chemical, 
optical, and mechanical characteristics [15]. 
When a material moving from micro  particles to 
nanoparticles  can be seen a noticeable change in 
the physical  properties of  this material. Two of 
the major factors that demonstrate these  changes 
are the increasing in surface-to-volume ratio, and 
the particle size  moving into the dominion where 

quantum confinement prevails [16, 17]. 
ZnO will play an influential role in the treatment 

of contaminationhas gained a considerable 
attention due to its wide band gap about (3.37ev).  
ZnO  is a nontoxic with premium chemical and 
thermal stability and has an individual optical, 
semiconducting, electric conductivity, chemical 
sensing, and piezoelectric characteristics [18].  
Photocatalytic for environmental treatment 
is One of the most important applications of 
ZnO  nanoparticles . The pollutants  react with 
ZnO nanoparticles at the particles surface and 
the efficiency of the  photocatalytic property is 
depends on the shape, size and growth method 
of  the crystals. The studies showed that the 
controlling of surface morphology  could be 
enhancing the photocatalytic activity of ZnO 
nanoparticles [19]. Doping process has ability to 
absorb photons of light with a widening range of  
the solar spectrum. The photocatalytic activity of 
ZnO nanoparticles was  enhanced using diverse 
dopants such as Ag. Ag Nano participle shows 
individual properties in chemical  such specific 
chemical stability  , conductivity which could be 
ideal hyberdization  with ZnO with varieties in 
properties such,electronic conductivity , unique 
internal structure, and high surface  area make 
it one of the best carbon materials to improve 
the  properties of ZnO[20] .  AgNPs  optimize the 
behaviour of ZnO due to the abilities for prevents 
the recombination of electrons and holes and as 

 

  

  

Fig. 1. Explained the mechanism of photocatalytic degradation process of (Ag/ZnO).
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a result of  prevent the agglomerations and that  
provided  many active site for  ZnO. In recent years 
research has been intensely centered  around the 
preparation of ZnO nanoparticles using different 
conditions and  methods, due to the properties 
which can be changed of metal oxide particles  
depending on track of preparation [21]. In the 
present work,  Zno nanoparticles prepared by 
hydrothermal method and then synthesis Ag/
Zno NPs by photodeposition technique .Here we 
report the photocatalytic degradation of BB dye 
with  ZnO and the effect of operational parameters 
such as Calcination temperature ,the initial  dye 
concentration , catalyst loading, and light intensity 
were studied to optimize the process for maximum 
degradation (Fig. 1).

The hydrothermal method was used by Radhi 
groups to create ZnO NPs. The chemical, optical, 
and mechanical properties of nanoparticles with 

sizes ranging from 1 to 100 nm have drawn the 
attention of researchers [22]. In the current work, 
Ag/ZnO NPs are synthesized via photodeposition 
approach after ZnO nanoparticles are generated 
by hydrothermal method.Here, we describe the 
photocatalytic degradation of brilliant blue dye 
using ZnO. To maximize the process’s degradation, 
we evaluated the effects of several operational 
factors, including catalyst loading, initial dye 
concentration, calcination temperature, and light 
intensity.The synthesis of undoped and Ag-doped 
ZnO nanocomposites using the hydrothermal 
technique for ZnONPs and photodepostion for 
Ag/ZnONPs has been covered in this article. The 
behavior of ZnO and Ag/ZnO nanocomposites is 
examined in depth with regard to the effects of 
calcination temperature on X-ray diffraction (XRD), 
Transmission Electron Microscopy (TEM), Field 
emission-Scanning electron microscopy (FE-SEM), 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

 

Fig. 2. Preparation of ZnO nanoparticle by hydrothermal method.
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and Energy Dispersive Spectroscopy (EDS).

MATERIAL AND METHODS
Chemical and reagents

Loba Chemie, Scharlau, and Sigma-Aldrich-
India provided all of the analytic-grade chemicals 
and reagents used in this study. The solution was 
prepared using deionized water.

Synthesis of ZnO nanoparticle 
The hydrothermal approach was used to create 

zinc oxide nanoparticles. First, weigh out 4 grams 
of zinc acetate (Zn(CH3COO)2. 2H2O) and place it 
in a beaker. Then, dissolve it in 75 milliliters of 
deionized water. Next, dissolve 5 grams of oxalic 
acid (C2H2O4) in 75 milliliters of deionized water in 
a different beaker.

 Add the contents of the two beakers together 
with the subsequent chemical reactions. ZnO 
should form a colloid after zinc acetate is 
completely hydrolyzed in water with oxalic acid 
H2C2O4.The resultant mixture was put into a 100 ml 
stainless steel container lined with Teflon [23] (the 
autoclave) after that ,the autoclave was placed  
inside the oven and tempterature of oven was set 
to 160 °C for 24 h  .   

The substrate was removed from the autoclave, 
cleaned several times with distilled water, and 
dried in an oven at 60 °C when the autoclave 
naturally cooled to room temperature. The goods 

were then further calcined for two hours at 
various temperatures in the air. Fig. 2 provided a 
description of this procedure .

Preparation of Metal Doped ZnO Nanocomposites
Metal doped zinc oxide was created by put (0.5 

gm) of zinc oxide powder in (100 ml) of distilled 
water and stir for 5 min ,and add various volumes 
of AgNO3 (0.1, 0.2, 0.3, 0.5,1 and 2) ml was used, 
mass ratio of Ag : 0.5–10 wt% then subjecting the 
mixture’s surface to nitrogen gas for five more 
mints [24]. Subsequently, the combination was 
exposed to a light intensity of 1.68 mW.cm ̄² (using 
a UVA LED lamp) for the whole night, as illustrated 
in Fig. 3. Following radiation, the resulting powder 
was repeatedly cleaned with distilled water and 
allowed to dry overnight at 60°C in an oven.

RESULTS AND DISCUSSIONS
Characterizations of synthesized nanocomparticle
X-ray diffraction of metal oxide ZnO and Ag-ZnO 
nanocomposite

For characterizing crystalline materials, X-ray 
diffraction is a very efficient non-destructive 
technique. ZnO that has been calcined at 
(300,400,500,600) °C and ZnO that has not been 
calcined are depicted in Fig. 4 along with their XRD 
patterns.  The ZnO NPs peak location recorded at 
calcination temperatures between 300 and 600 ◦C 
is nearly identical. The ZnO peak notation achieved 

 

 

 

 

 

 

 

 

 

 

  

  

 

Fig. 3. Preparation of Ag/ZnO  nanocompsite.



36

E. Hadi, and K. Jasim / Removal of Pollutants via Ag/ZnO Nanoparticles

J Nanostruct 15(1): 32-42, Winter 2025

at no calcination.
Fig. 4 : Impurities are eliminated and 

crystallinity is enhanced following calcination at 
(300,400,500,600) °C without calicenation for ZnO. 
All the ZnO peaks were found to be sharper from 
(300 to 600)°C, indicating that crystal formation 
happens at higher calcination temperatures. 
The crystalline peaks of the ZnO nanoparticles 
are located at (31.6°, 34.4°, 36.2°, 47.4°, 58.6°, 
64.8°, and,70°). correspond to the (100), (002), 
(101), (102), (110), (103), (200), (112), and (201) 
reflection planes, respectively. All the diffraction 
peaks can also be well indicate to the hexagonal 
Wurtzite structure of ZnO JCPDS card (no. 36-1451 
)  [25]. 

The average crystallite size (dcryl) was 
calculated using the prominent peaks from Debye-
Scherrer’s formula:

                                                                                    (1)D = K
B cosθ 

 where, D = particle size,  θ = angle of diffraction, 
K= Scherer constant (=0.9), λ= x-ray wavelength, 
B = full wide that half maximum (FWHM) that is 
measured in radian [26] .  were average crystallite 
size found to be 53.6771 nm ,21.53 nm, 22.4657  
nm, 28.892  and 33.3514  nm for the ZnO without 
calcination and  nanocatalysts calcined at 300 ̊C, 
400 ̊C, 500 ̊C and 600 °C respectively. It can be noted 

that increase in temperature produced larger 
crystallite size Potti and Srivastava have reported 
that the crystallite size of the oxides expanded 
with increasing the calcination temperatures [27] 
due to the merger of smaller crystallites into bigger 
ones caused by high calcination temperatures [28-
31].

A representative XRD pattern of Ag/ZnO nano-
particles is shown in Fig. 5. The diffraction peaks 
appearing at 31.7, 34.4, 36.2, 47.4, 56.5, 62.7, 
66.3, 67.8 and 69.1° match the crystal plane of 
a wurtzite structure of ZnO and are comparable 
to literature values, JCPDS card (no. 36-1451 ). 
Furthermore, all diffraction peak positions of 
ZnO in Ag/ZnO composite accord with that of 
pure ZnO, indicating that Ag did not incorporate 
into the lattice of ZnO but dispersed on the 
surface of the ZnO nanoparticles. Therefore, the 
deposition of Ag does not affect the crystal or 
phase structure of ZnO. Metal islands deposited 
on the semiconductor surface have been shown 
to effectively trap the electrons promoted to the 
conduction band and thus the free holes formed 
in the valence band can participate in oxidation 
reactions.

The crystal sizes of all of the samples were 
estimated using the Scherrer equation. The average 
sizes of the Ag/ZnO nanoparticles, calculated 
by the Scherrer formula, were estimated to be 
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Fig. 4. X-ray diffraction patterns of nascent and calcinated ZnO NPs from (300-500) °C and without 
burn.
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between 22 and 27 nm. The crystal size of the 
samples are calculated to be about 27.8, 27.21, 
26.6, 25.3, 24,51 , 22.17 nm for  0.5  wt%, 1 wt% 
,1.5 wt % , 2.5 wt % , 5 wt % and  10 wt% Ag/ZnO, 
respectively. The size decrease could be caused 
by lattice deformation associated with oxygen 
vacancies in the anatase crystallites, which may 

hinder crystallite growth. Nonetheless, there is no 
remarkable change in the d space values, which 
implies that the noble metal silver modification 
does not change the average unit cell dimension in 
deposited samples [32]. The absence of reflection 
from the silver deposits can be attributed to the 
low percentage deposition.
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Fig. 6. FESEM image of a) ZnO NPs and b) Ag/ZnO nanocomposit

Fig. 5. XRD patterns of ZnO and various wt % of Ag modified ZnO sample.
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Field emission- Scanning electron microscopy(FE-
SEM) and Energy dispersive spectroscopy (EDS)

Using the SEM technique, the surface 
morphology of pure ZnO nanoparticles has been 
investigated with respect to the size, shape, and 
distribution of the individual particles as well 
as any clusters that may exist within them. The 
SEM picture of ZnO, obtained after hydrothermal 
preparation and calcination at 500 °C for two hours, 
is displayed in Fig. 6 a-b. The nanoparticles exhibit 
a rod-like form, with a mean size ranging from 58 
to 112 nm and a high degree of agglomeration.

As shown in Fig. 6b, FE-SEM image for Ag/ZnO 
describes the creation of a closely stacked cluster 

comprising rod-like with much agglomeration 
and their particle size ranges from around (60-
90) nm. It has been noted that the rod-shaped 
photocatalyst is particularly effective at degrading 
organic dyes [33]. Images of Ag/ZnO obtained 
using field emission scanning electron microscopy 
show that when silver nitrate is injected during 
the reaction, the ZnO’s shape changes from a rod 
shape to a smaller aggregation shape.

Dispersive energy spectroscopy The existence 
of ZnO and Ag-ZnO was confirmed by EDS. Ag-
ZnO nanocomposites and the ZnO nanocrystal 
line exhibit strong and precise diffraction peaks, 
indicating good crystallinities. EDS spectra reveal 

Sample Zn 
Atomic % 

O 
Atomic % 

C 
Atomic % 

Ag 
Atomic % 

ZnO 24.48 27.91 47.61 0 

Ag- ZnO 13.21 25.01 61.27 0.51 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Map sum spectrum of ZnO 
NPs 

Elemental Atomic.% Wt.% 
Zn 24.48 61.12 
O 47.61 21.83 
C 27.91 17.05 

 

 

Map sum spectrum of Ag/ZnO  NPs 

Elemental Atomic.% Wt.% 

Zn 13.21 42.05 

Ag 0.51 2.67 
O 25.01 19.47 
C 61.27 35.81 

 

(a) 

(b) 

Fig. 7. EDS analysis and elemental mapping of pure (a) ZnO and, (b) Ag/ZnO nanocomposites.

Table 1. EDS analysis of the ZnO and, Ag/ZnO nanocomposites’ composition.
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that the only elements present in pure ZnO and 
Ag-ZnO nanocomposites are Zn, Ag, and O.

Table 1 presents a semi-quantitative assessment 
of the atomic concentration (atom%). It indicates 
that the products’ carbon (C), zinc [10], oxygen 
(O), and silver (Ag) content for the ZnO and Ag-ZnO 
elements are 24.48, 27.91, and 47.61 and 13.21 %, 
0.51%, 25.01 %, and 61.27%, respectively. 

The EDS results are shown in Fig. 7, which makes 
it evident that the weight ratios of ZnO and Ag-
ZnO NPs were 78.17% and 64.19%, respectively. 
The EDS examination showed that the sample 
contained the necessary phases of Zn and O and 
that the produced ZnO and Ag-ZnO NPs were 
highly pure. Similar Zn, O, and Ag ratios that are 
near to the theoretical values are seen in the EDS 
results from the current investigation. 

The EDS data as shown in Fig. 7., which 

unambiguously show that the weight ratios of 
ZnO and Ag-ZnO NPs were 78.17% and 64.19%, 
respectively. The sample included the necessary 
phase of Zn and O, according to the EDS analysis, 
which also showed that the manufactured ZnO 
and Ag-ZnO NPs were highly pure. Zn, O, and Ag 
ratios in the EDS results from this investigation 
are comparable and nearly match the theoretical 
values.  [34, 35].

Surface area and porosity analysis
The BET analysis is not consistent with the low 

mass concentrations of nanoparticles, which are 
typically in the range of 0.1 mg/m3 or less [36]. 
The ZnO and Ag/ZnO samples had surface areas of 
9.122 and 21.999 m2 g-1, respectively, according to 
Table 2.The BET measurement shows that the ZnO 
has a relatively small surface area.ZnO and Ag/

 

 
 
 
 
 

  

(a) (b) 

 
 

Surface physical parameters ZnO NPs Ag/ZnO NPs 

BET surface area (m2/g) 9.122 21.999 

Pore diameter (nm) 62.56 26.877 

Pore volume (cm3 /g) 0.1899 0.143 

Type of pore Micro-porous Micro-porous 

Hysteresis (p/p) H3 H3 

Table 2. BET analysis results of ZnO and Ag/ZnO NPs.

Fig. 8. Effect of different annealing temperatures on Photocatalytic efficiency of synthesized samples (a) Absorbance efficiency in 
presence of ZnO NPs as catalyst (b) Absorbance efficiency in presence of Ag/ZnO NPs as catalyst.
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ZnO have total pore volumes of 0.1899 and 0.143 
cm3 g-1, respectively.

Additionally, when the nanomaterials exhibit in 
the 35.683 nm range after being inoculated with 
silver nitrate via the photo deposition procedure, 
the pores’ diameter reduces.

measured BET surface area of the sample ZnO 
was smaller than Ag/ZnO which can be correlated 
to the fact that the method of preparation helped 
to form a nanocomposite distinguished by its 
physical and chemical properties.

Effect of different parameters of photodeposition 
processes of Ag/ZnO nanocomposites onto Brilliant 
Blue dye
Effect of calcination temperature

The purpose of this study was to elucidate 
how the temperature of calcination affected the 
photolysis efficiency of Ag/ZnO nanocombsite 
and produced ZnO NPs. Fig. 8 displays the rates of 
Brilliant blue dye degradation in relation to various 
calcination temperatures. 

The ZnO nanoparticles were calcined at 
temperatures ranging from 300°C to 600°C 
many times. was examined at 0.3 g from every 
produced sample, with a dye concentration of 
30 ppm, and light intensity of 1.68 mW/cm2. 
Since the size of the crystallites increased as the 
calcination temperature rose from 300°C to 500°C, 

the synthesized samples’ photocatalytic activity 
increased simultaneously.

The change in the size and particle morphology 
of the ZnO and Ag/ZnO surfaces is responsible 
for the maximum photocatalytic efficiency at 
500°C [24]. At 600°C, the photocatalytic activity 
slightly decreased; the lower photocatalytic 
activity of Brilliant Blue may be explained by the 
reduced amount of photo-generated electrons 
and holes that participated in the reaction [37]. 
Fig. 8-a illustrates how absorbance efficiency 
(PDE%) rises to approximately 78% at 500°C after 
calcination from 55% at 300°C and falls to 75% at 
600°C. Fig. 8-b illustrates the impact of adjusting 
the annealing temperature. It shows that the 
absorbance efficiency (PDE%) increased from 
63% at 300°C to 77% at 400°C, reaching a high of 
almost 96% at 500°C before declining slightly to 
roughly 94% at 600°C.

Selectivity of the Best Photocatalyst Surface 
Electron-hole pair recombination is inhibited 

and optical efficiency is enhanced by the Ag 
concentration. Because they produce a Schottky 
barrier when they come into contact with metallic 
semiconductors, noble metal nanoparticles placed 
on the surface of zinc oxide (ZnO) are known to 
function as efficient traps for photogenerated 
electrons.
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These electrons stop electron-hole 
recombination and speed up the reduction of 
oxygen [38]. ZnO and Ag nanoparticles come 
into contact under light, and as the two systems 
approach equilibrium, the photogenerated 
electrons are shared between the two kinds 
of particles. This process is known as electron 
transfer from excited ZnO to Ag.

The electron accumulation of the Ag particles 
increases the Fermi level to a more negative 
potential, which also causes a shift in the Fermi 
level of the compound closer to the conduction 
band of the composite [39].

In Fig. 9: To examine how the Ag content 
affects the photocatalytic activity of Ag/ZnO 
nanocomposites to breakdown Brilliant blue dye, a 
number of AgNO3 volumes were carefully selected. 
We add 0.1, 0.2, 0.3, 0.5, 1, and 2 milliliters of 
AgNO3 to ZnO NPs in this experiment, mass ratio 
of Ag : 0.5, 1, 1.5 ,2.5 , 5 , 10 wt% and we designate 
the generated nanocomposites as Ag1/ZnO, Ag2/
ZnO, Ag3/ZnO, Ag4/ZnO, Ag5/ZnO, and Ag6/ZnO, 
respectively.The (Ag/ZnO) amount was 0.3 g, and 
the light intensity was 1.68 mW/cm2 for one hour 
while we investigated the (BB) dye photocatalytic 
breakdown rate at room temperatures.

Fig. 9 displays After 60 minutes of exposure, the 
highest degradation efficiency of 94.484 percent 
was attained with 2 milliliters of additional AgNO3, 
resulting in the best photocatalytic performance. 
The photolysis efficiency of the remaining 
nanocatalyst types, on the other hand, declined. 
Previous research has shown that the amount 
of Ag loading has a similar effect on photolysis 
efficiency [40]. Since there is less Ag on the ZnO 
surface, the Ag/ZnO photolysis efficiency is 
reduced. Generally, when the load increases, the 
dispersion of Ag reduces due to the decreased 
accumulation of certain small particles. Reduced 
quantity causes weak photoactivity of Ag/ZnO and 
low efficiency of Ag. The Ag/ZnO photocatalytic 
degradation efficiency is influenced not only by Ag 
scattering but also by Schottky barriers that exist 
between the Ag and ZnO surfaces [41].

CONCLUTION
ZnO (NPs) are effectively produced using 

a straightforward, efficient, high-yield, and 
inexpensive mechanochemical combustion 
process at various calcination temperatures. Since 
there is less Ag on the ZnO surface, the Ag/ZnO 
photolysis efficiency is reduced. Generally, when 

the load increases, the dispersion of Ag reduces 
due to the decreased accumulation of certain 
small particles. Reduced quantity causes weak 
photoactivity of Ag/ZnO and low efficiency of Ag. 
The Ag/ZnO photocatalytic degradation efficiency 
is influenced not only by Ag scattering but also by 
Schottky barriers that exist between the Ag and 
ZnO surfaces .At 600°C, the photocatalytic activity 
slightly decreased; the lower photocatalytic activity 
of Brilliant Blue may be explained by the reduced 
amount of photo-generated electrons and holes 
that participated in the reaction .how absorbance 
efficiency (PDE%) rises to approximately 78% at 
500°C after calcination from 55% at 300°C and 
falls to 75% , impact of adjusting the annealing 
temperature. It shows that the absorbance 
efficiency (PDE%) increased from 63% at 300°C 
to 77% at 400°C, reaching a high of almost 96% 
at 500°C before declining slightly to roughly 94% 
at 600°C.
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