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Heterogeneous photocatalysis is an effective wastewater
treatment technology for the removal of tissue effluents and
some contaminants. Among the effective catalytic treatments,
hybrid semiconductor photocatalysts have been widely applied
and have received more attention in the past few decades where
particles and nanocomposites (ZnO and ZnO/CdS) were
prepared by hydrothermal method from raw materials, and its
photocatalytic activity was studied using reactive Blue 4 dye
under the influence of ultraviolet radiation. The prepared
nanocomposites are characterized using various
physicochemical techniques including X-ray diffraction (XRD),
Field emission scanning electron microscopy (FE-SEM), and
Transmission electron microscopes (TEM) analyses. Their
photodegradation results revealed that ZnO doped ZnO/CdS
nanocomposites show impressive activity towards
photodegradation of (Reactive Blue 4) dye. The prepared kinetic
diagrams showed a pseudo-first-order interaction. The results of
the dissociation efficiency of the dye solution (Reactive Blue 4)
dye with the ZnO surface were greater than the surface of
Zn0/CdS nanocomposite, and the rate constant was calculated
for each of them.

KEYWORDS

Photocatalysis properties; chemical synthesis; ZnO; ZnO/CdS;
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Introduction

Reactive Blue 4 (RB 4) is one of the
hazardous substances in water. RB 4 is an

Due to the rapidly expanding population and
the increasing incidence of contaminants,
there is an urgent demand for clean water
resources as one of the prerequisites of our
everyday lives [1].
synthetic dyes, which are chemically and
physically stable chemicals and unsafe for the
environment, are utilized
industry. Since it is stable and soluble in
water, synthetic
wastewater and industrial effluent [2-4].

Massive amounts of

in the textile

colors accumulate in
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anionic dye used in a variety of industries,
including the textile and wood industries. The
RB4 degradation in water is a significant
problem in the industry since the inability to
remove it has put the environment and living

things in danger. Several methods for
removing RB 4 from aqueous environments,
including adsorption [5]  biosorption

mechanism, membrane, and photocatalytic
process have recently been discovered. The
majority of conventional methods for RB 4
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removal have drawbacks since they produce
secondary pollutants including adsorption
and they are either expensive, like the
membrane method, or use a biosorption
mechanism [6]. Yet, due to its distinct
advantages without manufacturing secondary
pollutants, the photocatalytic approach for
the breakdown of dangerous substances
becomes relevant [7].

The photocatalyst converts the toxic
chemical into beneficial byproducts like
water and carbon dioxide [8]. It is simple to
use the photocatalyst repeatedly, especially
when it possesses magnetic qualities.
Physical, chemical, and biological approaches
to conventional water treatment have been
developed to manage textile wastewater [9].
However, due to dyes' highly water-soluble
and bio-persistent nature, these approaches
are damaging and ineffectual in their total
destruction [10]. To decompose the organic
pollutants and save the environment from
their harmful consequences, a treatment
technique that is environmentally benign,
clean, effective, and cost-effective is urgently
needed [11]. A possible method for treating
sewage is photocatalysis. The photocatalytic
oxidation approach, which is recognized as a
safe and efficient method for treating
wastewater, can convert organic pollutants
adsorbed on the catalyst surface into benign
carbon dioxide, water, and inorganic salts
without causing secondary contamination
[12].

ZnO is one of the extensively researched
semiconductor photocatalysts due to its low
cost,
efficiency, and environmental friendliness
[13-15]. A possible method for treating
sewage is photocatalysis. The photocatalytic
oxidation approach, which is recognized as a

nontoxic makeup, high quantum

safe and efficient method for treating
wastewater, can convert organic pollutants
adsorbed on the catalyst surface into benign
carbon dioxide, water, and inorganic salts
without causing secondary contamination
[12]. ZnO/CdS nanocomposites [16] have
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been used for photocatalytic applications
because they improve UV light absorption
and offer efficient charge transport. The
highest amount of charge carriers resides at
the surface of nanocatalysts due to these
morphologies' dimensional anisotropy, which
also causes a flow of charge along the
nanocatalyst surface. High photoactivity is
further made possible by its facilitation of
high charge separation and minimal
recombination [17]. With a band gap of 2.4 eV
and a strong optical absorption coefficient,
CdS is a transition metal sulfide [18].
According to reports, the
formation of binary composites, such as ZnO-
Cds, is
photocatalytic activity in the visible range
[19]. Nanocomposites have a number of
advantages, including high charge separation,
a substrate for heterogeneous nucleation,
high charge carrier mobility, and an extended
charge carrier life [20].

In this study, preparation of ZnO and
Zn0/CdS nanocomposite,
methods, and the experimental setup for
performing a thorough photocatalytic
degradation process are all covered in this
article, and they used to photocatalytic effect
on RB 4 dye.

numerous

to blame for the increase in

characterization

Experimental

Materials and methods

Reactive Blue 4 (RB4) (Santa Cruz
Biotechnology =~ 95%) was used for
photocatalytic degradation studies. The

chemical structure of RB4 is given in Scheme
1. Materials Zinc Nitrate Zn(NO3)2.6H,0 and
(NaOH) pellets
chemicals

sodium hydroxide from
Sigma-Aldrich. All
analytical grade without further purification.
Distilled water was used throughout the

experiment. Cadmium nitrate tetrahydrate

used were

[CA(NO3)2.4H20], thiourea (CH4N.S), and
hexamethylenetetramine [(CHz)sNs, HMT]
and polyvinyl pyrrolidone (PVP) was

purchased from Sigma Aldrich.
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SCHEME 1 Chemical structure of RB4

Synthesis ZnO of nanoparticles using the
hydrothermal method

The hydrothermal process is used to create
the zinc nanoparticles.
hydroxide (NaOH) pellets and zinc nitrate
[Zn(NO3)2.6H20] pellets are used. Deionized
water (DIW) was utilized throughout the
experiment to dilute all the chemicals needed
to create zinc oxide nanoparticles. The
nanoparticles were created using the
hydrothermal technique. In 30 mL of
deionized water, 0.5 M zinc nitrate solutions
were made and agitated for 30 minutes. 5 M
NaOH solution in the meantime was made by
swirling 30 mL of deionized water for the
same amount of time that weighted NaOH
grains were mixed. The prior solution is
gradually supplemented with it while being
constantly stirred, up until the reactants' pH
reaches 12 [21-26]. This solution mixture was

oxide Sodium

put into a 70 mL Teflon-lined stainless-steel
autoclave and under 100°C for 2 hours. After
that, the autoclave was removed and left to
gradually cool to ambient temperature. The
finished product was then dried and put
together after being washed repeatedly with
deionized water.

Synthesis ZnO@CdS of nanocomposite using
the hydrothermal method
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To create the Zn0O/CdS nanocomposite,
0.0538 g of ZnO nanoparticles were added to
a mixture of 0.0388 g Cd(NO), 3.99 g PVP, and
0.0150 g SC(NHz).. After thoroughly
combining all ingredients, the mixture was
immediately transported to an autoclave
made of stainless steel that was lined with
teflon (100 mL). The hydrothermal synthesis
was performed at 120°C for 2 hours. After the
installation period is through, the product is
separated using a centrifuge, cooled at room
temperature, washed with distilled water,
and dried in an oven at 70°C [27].

Results and discussion
XRD analysis

The Figure 1 depicts the XRD pattern for ZnO
NPs. The chemical contains nanoparticles up
to big and identifiable spectrum peaks. The
study of the XRD result determined the
density and complete breadth at half the
maximum size and position. Peaks were seen
in nine diffractions, at 2, 31.67, 34.34, 36.20,
47.46, 56.54, 62.83, and 67.91°, respectively,
corresponding to the crystal levels of (100),
(002), (101), (102), (110), (103), and (112).
At (101) peaks, broad neutrality and a
sharper peak were seen without the peak
twisting. These numerous peaks revealed
crystals oriented randomly. The Debye-
Scherer formula produced ZnO NPs with an
average crystal volume of (D) indicated the
ZnO powder with hexagonal nanostructures
[28]. The ZnO nanoparticles' acquired XRD
result is in good agreement with prior
literature reports. The data XRD breakdown
shows that the ZnO NPs sample has a high
degree of crystalline quality due to its narrow
and strong diffraction peaks, particularly in
(100), (002), and (101).
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FIGURE 1 XRD pattern of ZnO nanostructures

The Zn0O/CdS nanocomposite's crystalline
structure ascertained using X-ray
diffraction investigation, as shown in Figure
2. The XRD pattern of pure ZnO exhibits
reflections in accordance with the material's
well-known hexagonal symmetry (JCPDS: 36-
1451) [29]. According to XRD analysis of
Zn0@CdS, the diffraction peaks of CdS can be
attributed to a mixture of cubic (JCPDS: 10-
0454) and hexagonal (JCPDS: 41-1049)
phases. Peaks for both of the components
(ZnO and CdS) can be seen in the ZnO-CdS
complex, clearly demonstrating the complex's
creation. There are diffraction peaks in the
Zn0-CdS composite nanostructures centered
at ZnO hexagonal phase may be found at 31.9,
34.7, 36.5, 48.4, and 57.1°, while CdS can be

was

found at 25.3, 26.8, 28.6, 44.4, and 52.8°,
corresponding to the (100), (002), (101),
(102), and (110) crystal planes. It should be
noted that only the hexagonal phase of CdS
can be accurately mapped to the CdS peaks in
the composite. In particular, the presence of
three peaks in the composite between 25 and
30°, which correspond to the (100), (002),
and (101) levels of hexagonal symmetry,
rather than the single peak in CdS at 26.8°,
which corresponds to the (111) level cubic
symmetry, shows that hexagonal symmetry
makes up the majority of CdS presence in the
composite. This can be as a result of aided
growth.

R SFASS DT LTINS X

002)

® zn0

CdS

FIGURE 2 XRD pattern of ZnO/CdS nanocomposite
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FE-SEM images of ZnO nanoparticles are
depicted in Figure 3. It has been observed
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that the average diameter of ZnO was
obtained 23.63 nm.

FIGURE 3 Images FE-SEM of ZnO nanoparticles

Figure 4 displays FE-SEM pictures of the
ZnO@CdS nanocomposite's structural details.
The size of the nanoparticles ranges
almost entirely between 10-71.5 nm and has

N
43.35 nm
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an average diameter of 45.49 nm. Likewise,
the images display the size, form, and manner
of gathering spherical nanoparticles.
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FIGURE 4 Shows images FE-SEM of ZnO@CdS nanocomposite

TEM technology was used to examine
produced nanoparticles and nanocomposite
materials. Zn0O, and ZnO@CdS formations as
seen in TEM pictures. ZnO nanoparticles have
a spherical form and range in size from 17.99

to 77.40 nm, as illustrated in Figure 5. The
Zn0@CdS nanocomposite's nanoparticles are
shown in Figures 6 and 7 in terms of their
size and form 13-71.12 nm.
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FIGURE 6 Images TEM of ZnO@CdS nanocomposite

Images TEM of ZnO@CdS nanocomposite
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FIGURE 7 Determination of the point zero charge by potentiometric mass titration technique to ZnO NPs,
and nanocomposite ZnO@CdS

The presence and absence of the surface as a catalyst, in which the dye
nanomaterial surface and the nanocomposite dissociation speed was tested in three stages,
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are factors affecting the photodegradation of
RB4 dye and the conditions affecting the
photodegradation speed. The initial stage in
the dark box was the presence of RB4 dye as
well as the catalyst only after determination
and calculation of the best surface weight,
best dye concentration, and the best pH
medium. The second phase. In the third step,
the dissociation rate and preferred method
are studied with respect to the catalyst
surface and the UV light. The surface of
nanomaterials and nanocomposites (ZnO and
Zn0/CdS) generated for the investigation
were compared with dye dissociation, and the
effect of temperature on how quickly the RB4
dye separated from the nanocatalyst surface.
For materials and nanocomposites prepared
with the dye according to the different
reaction conditions that were mentioned, as
their values were calculated after adjusting
the reaction conditions, the standard curves
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depicting the dissociation of the dye were
drawn stages
mentioned, where the drawing was between
the value of C/Cy, and the time once, between
InC/Cop, and again. Figures 8 and 9 depict the
dye dissociation reaction for the two surfaces,
while the catalyst is present but without
radiation. Due to the adsorption of RB 4 dye
on the surfaces of the catalyst nanomaterials,
the ZnO exhibits the greatest
reduction in the C/Cq value when compared
to the binary surface ZnO/CdS, which is
dependent on the catalyst nanomaterial's
surface area. The kind of catalyst also plays a
part in how the concentration of the RB 4 dye
solution changes over time when ultraviolet
light radiation is present. In addition, each of
the produced catalysts has an energy band
gap, which is highest for the ZnO catalyst
surface from the Zn0/CdS binary surface.

in the three that were

surface

1/4 -

—O—Zn0

—0—ZnO@CdS

1/2

0/8

| C/Co |

0/6 1
0/4 4

0/2 4

ot

0 10 20 30 40

60 70 80 90 100

FIGURE 8 The C/Cy, vs. time for RB 4 in the dark for prepared surfaces nanomaterials and

nanocomposites
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FIGURE 9 The In C/Cy vs. time for RB 4 dye in the dark for prepared surfaces nanomaterials and

nanocomposites

In the second stage of the dye's
photodegradation reaction, shown in Figure
10, the dye solution was employed at two
concentrations (10 ppm and 15 ppm) with UV
light irradiation, but without the usage of the

nanocatalyst surface (the catalyst), which
indicates a minor drop in the dye's C/Cq
value.

1/02

== Dye 15ppm + U.V
=—O=— Dye 10ppm +U.V

1 -
0/98 4

—0/% 3
] )
;3.|0;94 ]

0/92 3
0/9 3
0/88
0/86 4

0/84 3

50 60 70 80 90 100

|Time|minl|

0 10 20 30 40

FIGURE 10 C / C, versus time for RB 4 dye in the presence of UV light only

Figure 11 illustrates the dye dissolution in
the presence of a nanocatalyst surface and an
ultraviolet (UV) radiation source during the
third stage. Although the two figures depict a
comparison of the two surfaces and their
choice, as determined by the gradation
below: Zn0O >ZnO@CdS. In terms of the rate
and volume of RB4 dye dissociation, the
single nano-surface performs better than the
bilateral. When comparing the stages of the
reactions in the dark and under the influence

of ultraviolet light, which were illustrated in
the previous figures, where the change was in
the dye's concentration, the photolysis of the
RB4 dye with the individual metal oxides ZnO
with the binary and nanocomposites
Zn0@CdS, respectively, But, in the dark, it is
also low because of the dye's adsorption on
the surface of the catalysts, which depends on
surface area, along with a drop in
concentration of the dye in the presence of
the surface. While the dye concentration
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decreases when the surface is present and
ultraviolet radiation is present, it is also
lower in the dark due to the dye's adsorption
on the surface is absent, the effect is quite
small, but when UV catalysts, which are
surface area-dependent. When ultraviolet
radiation and the catalyst surface are
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combined, the dye dissolves with a high
degree of efficiency on the surfaces of the
catalysts. Efficiency is dependent on the

catalyst surface areas and the rate at which
the dye dissociates on those surfaces.

-0/5 19/5 39/5 59/5 AZnO ]
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FIGURE 11 InC/C, versus time for dyeing RB 4 in the presence of nanomaterials and catalyst
nanocomposites prepared in the presence of UV radiation

Effect  of different  parameters  on
photocatalytic degradation of RB 4 Solution

Effect of RB 4 dye concentration

The impact of adjusting the RB 4 dye
solution's concentration on the effectiveness
of photocatalytic degradation to extract the
best concentration of the dye to use later to
extract the best weight for the nanocatalyst
surface, the process under the influence of
ultraviolet radiation was tested using a
constant weight of the manufactured nano-
surface (ZnO and ZnO/CdS) (0.1 g). The
impact of each dye solution concentration
and the catalyst nanosurface weight on the
dye solution's photocatalytic degradation
efficiency with a ZnO surface under constant
temperature and surface weight conditions
with varying dye solution concentrations,
where concentrations ranged from 5-25 ppm.

We see that the dye solution's best (87%) at a
concentration of 15 ppm. On the
photocatalytic degradation efficiency of the
dye solution, each dye solution concentration
and the weight of the catalyst nanosurface are
important factors. Table 1 displays the P.D.E.
of the dye solution with a ZnO surface under
constant temperature and surface weight
conditions with shifting dye solution
concentrations, where concentrations ranged
from 5-25 ppm. The best P.D.E. dye solution
with a concentration of 87% is noted 15 ppm.
Table 1 displays the P.D.E. values for each dye
together with its
corresponding rate constant values. With
regard to the dye concentrations utilized in
terms of their dissociation rates with the
catalyst nanosurface effective, we observe

concentration

from the obtained results that the value of the
rate constant K (0.0781 min-!) is larger at a
concentration of 15 ppm.
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TABLE 1 The (P.D.E.%) and rate constant of RB4 under influence of ultraviolet radiation (U.V) for ZnO

NPs at laboratory temperature
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P.D.E.%

10 15 20 25 30 35 40 45 50 55 60 65 70 75
min min min min min min min min min min min Min min min
6.67 7.14 2143 24 25.71 33.12 3857 4032 503 6143 6645 6877 70 75.75
6.52 19.57 2391 26.1 2826 3696 413 4348 52.17 63.04 69.6 7826 7826 78.26
746 2239 3731 4179 46.27 53.73 6119 67.16 71.64 74.63 8358 86.56 86.66 87
528 8.28 20.73 2396 22.03 28.54 33.76 3892 4598 56.98 57 57.21 58.06 58.08
5 7.22 15.70 19.84 21.79 27.27 28 29.78 34.71 4546 4645 48 52.06 521
As for the surface of the Zn0O/CdS (42.68%) at a concentration of 10 ppm and

nanocomposite with the dye solution, the
best concentration was (10 ppm). As it can be
seen in Table 2, the dye solution has high

that the rate constant K is also higher at this
concentration (0.0958 min-1) than it is at the
other concentrations.

photocatalytic

degradation efficiency

TABLE 2 The (P.D.E.%) and rate constant of RB 4 under influence of ultraviolet radiation (U.V) for
Zn0/CdS nanocomposite at laboratory temperature

P.D.E.%

10 15 20 25 30 35 40 45 50 55 60 65 70 75
min min min min min min min min min min min min min min
3.03 9.091 9.091 12.12 15.15 15.15 1818 21.2 2424 303 3636 39.39 3939 394
3.64 9.75 988 12,54 15.65 16.12 1868 21.87 25.65 31.74 3855 4157 42.67 42.68
254 8.76 8912 10.23 1222 1354 16.66 1834 20.34 2554 27.54 3238 33.54 33.55
232 832 8512 976 10.22 1235 1343 16.61 1832 2032 24.54 2488 2543 2545

2 7.23 8 9.13 9.77 1023 11.12 1232 16.02 18.13 2143 2152 21.74 21.75

Effect of catalyst weight

The decomposition rate was examined using
various catalyst weights in the range of (0.05-
0.15 g) under the influence of ultraviolet
radiation. The catalyst surface works to
reduce the activation energy, and thereby it is
possible to obtain more molecules with
activation energy, and then the reaction rate
increases. Little quantities are used when
catalysts are utilized. After a certain point,
increasing the catalyst quantities utilized in
the reaction does not result in an increase in
reaction rates [30]. Table 3 displays the
effectiveness of the RB4 dye's photocatalytic
degradation after extracting it at its highest
concentration (15 ppm) using surface ZnO
NPs of various weights while subjected to UV
radiation for 85 minutes. When weighing

(0.075 g), the highest value of photocatalytic
degradation efficiency (82.33%), and the rate
constant k (0.05942 min-1). The lowest value
of kis (0.0272 min-!), obtained when utilizing
the surface weight, while the lowest value of
photocatalytic degradation efficiency (55.1%)
was achieved when weighing (0.15 g). The
rise in the weight of the catalyst surface
caused an increase in the active sites on the
catalyst surface, which is what caused the
values of P.D.E and k to increase and
higher than necessary
concentration of the catalyst will result in

decrease. A

more suspended particles in the dye solution,
which will subsequently turbidize the
suspension penetration.
Radiation, followed by light scattering and
reduced light penetrating the remedy [31,32].
Moreover, utilizing more catalyst surfaces

and reduce

(min)-

0.0196
0.0219
0.0339
0.0141
0.0109

(min)-1

0.0075
0.0416
0.0066
0.0037
0.0034



Catalyst
weight
(8
0.05
0.075
0.1
0.125
0.15

Catalyst
weight
(8
0.05
0.075
0.1
0.125
0.15

High photocatalytic performance of ...

reduces the activation of the activated
molecules by causing them to collide with the
ground state molecules, which dominates the
process and slows down the rate of the
reaction [33]. For the produced -catalyst
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nanosurface exposed to the UV light, Table 3
displays the P.D.E. values and the K values of

the ZnO surface with the RB 4 dye solution at
various weights.

TABLE 3 The (P.D.E.%) and rate constant of RB4 under UV irradiation vs. catalyst weight of ZnO NPs at

laboratory temperature

P.D.E. %

10 15 20 25 30 35 40 45

min min min min min min min min
22.07 2597 31.17 3507 3896 4156 46.75 47.06
125 1875 3125 375 445 51.56 59.38 625
7.46 1791 2537 4179 46.29 47.29 52.24 55.7
4.11 1233 17.81 26.03 3836 41.09 4521 4795
6.41 1026 1282 2149 3033 3589 36.74 38.03

The P.D.E. values and rate constant K
values of the Zn0/CdS nanocomposite under
the influence of UV irradiation are shown in
Table 4. After extracting the most amount of
RB 4 dye possible from the Zn0/CdS
nanocomposite's surface at 10 ppm. Where
the rate constant K (0.0253 min!) and the
maximal value of P.D.E. were at the same

50 55 60 65 70 75 80 85
min

min min min min min min min
5714 6494 6494 67.53 7273 7273 73.77 74
65.63 7031 73.44 78.13 784  79.69 82.25
56.7 57.71 59.7 61.19 65.67 70.15 7043
49.32 52.05 56.16 589 589 61.64 61.66
43.72 4528 51.13 51.7 5254 5310 541

surface weight of 0.05 g, respectively. When
the surface is weighed, the rate constant K
has the lowest value (0.0115 mint), and the
lowest value of P.D.E is at a surface weight of
0.15 g. The reaction took place for all weights
in 75 minutes.

TABLE 4 The (P.D.E.%) and rate constant of RB 4 under UV irradiation vs. catalyst weight of ZnO/CdS

nanocomposite at laboratory temperature

PDE%

10 15 20 25 30 35 40
min min min min min min min
2.1 6.03 6.03 10 13.96 20 25.86
1.7 2.07 3922 5882 9.804 13730 15.68
2.05 3.704 5555 5555 11.11 14.815 18.52
1.055 1.818 3.636 5454 7.273 1091 14.55
1.754 1754 1786 3.571 5357 7.143 10.71

Effect of pH for RB 4 dye solution

To better understand how the pH function
affects how the adsorption interacts with the
adsorbent surface and how to employ
adsorbents, different media were used. The
pH variation in the dye solution has a
significant impact on the adsorption capacity
during the process [34]. The values (P.D.E%)

45 50 55 60 65 70 75

min min min min min min min
2586 2931 36.21 38 4483 46 46.5
2157 2549 3137 3529 36.74 40.25 41.176
22.22 2407 29.63 3148 35.18 3518 36.04
18.18 18.18 23.636 27.27 27.27 3091 3091
12.5 12.5 16.07 16.07 19.64 23.21 23.21

and the rate constant K are both impacted by
the pH of the dye solution, which is a
significant influence. After obtaining the best
weight of the catalyst surface and the best
rate constant, the effect of pH values in the
range of 1-11 on the values of P.D.E.% and the
rate constant K for the prepared nanoparticle
and nanocomposite used in the photocatalytic
degradation reaction of the two surfaces (ZnO

82.33

71.12

61.66
55.1

(min)-1

0.0208
0.0258
0.0222
0.0141
0.0118

K
(min)-1

0.011
0.0087
0.0073
0.0073

0.005
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and ZnO/CdS) was examined. The
concentration of the RB 4 dye solution on
each surface that will be exposed to UV light.
The photocatalytic effectiveness of the RB 4
dye for each of the two surfaces is displayed
in the tables below at various pH levels. The
highest P.D.E% (83.53%) and K value
(0.0275 mint) for the ZnO catalyst
nanosurface with RB4 dye solution were
found at pH value (7), while the lowest
(P.D.E.%) (24.29%) and K value (0.0041 min)
were found at pH value (11). According to the
Table 5. According to the results for the ZnO
surface, the point zero charges PZC of the ZnO
surface is pH = 9, and at this pH, the ZnO
gains ZnO has a positive charge because of

the protons of the functional group. At pH =7,

S.A.M.A. Noor and A.M.]. Al-Shamari

we see an increase in the values of P.D.E.%
and the values of K. In excess of this pH, the
Zn0 surface is negatively charged [35] and
the zero-point charge Finding the point at
which the positive charge and negative
charge sites on the surface of ZnO are equal
requires knowledge of PZC. This can be
explained by the fact that ZnO has a neutral
surface charge because, at a certain pH level,
ZnO has a net zero charge on its surface,
which lessens the equal electrical forces
acting on its surfaces. This means that if the
pH is higher than the pH of P.Z.C,, the surface
charge is more negative, and if the number is
higher, the surface charge is more positive.
The pH is lower than P.Z.C pH [36].

TABLE 5 The P.D.E.% and rate constant of RB 4 dye under UV-irradiation vs. different pH for ZnO NPs in
laboratory temperature

O N U1 W

O g U1 W =

=
[S=N

K
PDEY
% (min)1
10 15 20 25 30 35 40 45 50 55 60 65 70 75
min min min min min min min min min min min min min min
106 141 1529 17.65 2117 2471 27.06 3176 3529 3765 4353 4941 5294 5765  0.0193
823 1529 1882 2588 3176 3529 4588 47.06 5529 5647 60.00 6235 6471 6706  0.0117
125 1875 3125 375 445 5156 5938 625 6563 7031 7344 7813 7813  79.69  0.0189
1882 2235 3647 4118 47.06 5294 6235 6471 6706 7294 7647 8118 8353 8353  0.0275
353 471 471 588 824 1176 1294 1647 20 2471 2588 27.06 3176 353 0.0072
352 353 353 3535 623 926 1014 1347 17.22 2011 2188 221 2406 2429  0.0041
The results are presented in Table 6. For  the acidic medium is the best medium for the
the ZnO/CdS nanocomposite surface, the photodegradation of the dye (P.D.E.%). This
maximum values were for P.D.E.% (53.191%) is why for ZnO/CdS surface, the best and
and K (0.0148 min!) value at pH = 1 and the = highest values of P.D.E% and K were
lowest value was for P.D.E.% (12.5%) and K  obtained in a strongly acidic medium (pH =
(0.0021 min-!) with pH value = 11. The zero- 1).
charge point PZC of Zn0O/CdS surface is pH =
6, and since the charge of dye RB4 is negative,
TABLE 6 The (P.D.E.%) and rate constant of RB 4 dye under UV-irradiation vs. different pH for Zn0O/CdS
nanocomposite in laboratory temperature
K
0,
PDE% (min)
10 15 20 25 30 35 40 45 50 55 60 65 70 75
min  min min min min min min min min min min min min min
425 638 1277 1915 234 3192 3617 3829 4255 4468 4681 5106 5319 532  0.0148
408 816 1225 1633 2041 2449 2857 3061 3674 4082 4489 4898 5102 51  0.0136
333 48 662 1032 1412 2022 263 26 30 36 38 44 46 48 0.0118
182 364 364 546 727 727 909 1091 145 1455 1455 1636 1818 182  0.0029
175 179 357 357 536 714 893 893 107 125 125 161 161 161  0.0027
175 178 178 178 357 536 536 714 893 1071 1071 125 125 125  0.0021
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Effect of temperature on photo degradation of
RB 4 dye

At 25, 30, 35, and 40 °C, the impact of
temperature on photodegradation was
assessed. According to the first-order kinetic
rate constants at different temperatures, the
apparent energy for the
decomposition of RB4 dye was also
determined according to Arrhenius equations
[37,38].
K=Aexp (-Ea/RT) (3-1)
The values of P.D.E.% and k values for
each were calculated after research was done
on the impact of temperature on the
photocatalytic activity of the produced
catalysts under the UV illumination for 75
minutes, the P.D.E was raised from 61.403%
to 88.612%, and the k was raised from 0.01-
0.0141 min! when the temperature of RB 4
solution was raised. The same result is
observed when ZnO/CdS is used, where
(P.D.E.) is also increased from 34.214% to

activation
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71.929% and k (0.015-0.0166 min?), in
conjunction with raising the temperature of
the RB 4 solution. The effect of temperature
on the photodegradation of RB 4 dye in the
presence of the as-prepared -catalysts is
probably caused by an increase in the dye
frequency and hydroxyl radical molecules
colliding at high temperatures, where the
photodegradation is maximal and low at
lower temperatures, as well as a decrease in
the decomposition efficiency of
photosynthesis. This is due to the fact that the
dye molecule's reaction rate increases with
the photocatalyst's surface. Consequently, the
absorption increases which facilitates the
photodegradation of the colors. All thermal
reactions have an activation energy that falls
between (7.53975-15.1706367) KJ. Mol-L. The
Table 7 provides a summary of the acquired
results.

TABLE 7 Photodegradation efficiency (P.D.E.%), the reaction rate constant K, and activation energy Ea of
RB4 dye with nanomaterials prepared at different temperatures under the effect of the UV- irradiation

. P.D.E. % under UV . Ea (KJ/mol)
N t 1 T (°C K cil
anomateria 0 light (min) under UV light
25 61.403 0.01
30 64.912 0.0116
ZnO NPs 15.1706367
35 75.421 0.0124
40 88.612 0.0141
25 34.214 0.0143
30 41.254 0.015
Zn0/CdS 7.53975
35 55.541 0.0156
40 71.929 0.0166
Conclusion 4- The effectiveness of the ZnO catalyst

1- The effectiveness of the photocatalytic
process technology for treating pollutants, in
general, and wastewater, in particular.

2- The use of nanocatalysts in daily life
applications their  broad
properties in terms of surface area and small

because of

size.
3- Production of nanomaterials by simple
chemical methods.

nanosurface compared with the ZnO/CdS
nanocatalyst surface in the photodegradation
reaction.

5- The effect of the catalysts prepared in
the study (ZnO, ZnO /CdS) on the
decomposition of dyes, including (Reactive
Blue 4) in the presence of ultraviolet
radiation.
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