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Abstract

Over the past years, Ag>O as an emerging photocatalyst has attracted extensive attention toward the removal of hazardous
dye from aqueous media under visible light. However, Ag,O suffers from major drawbacks such as low stability under
sunlight irradiation and high recombination rate of photogenerated electron—hole pairs. In this study, to resolve this problem,
a novel nanocomposite-based zeolite clay was successfully prepared using an eco-friendly and economical approach. The
nanocomposite Zeolite@Ag,O (Zeo@Ag,0) was characterized by X-ray diffraction, scanning electron microscopy, energy
dispersive X-ray analysis Fourier transform infrared spectroscopy, Brunauer, Emmett, and Teller surface area method and
UV-Vis diffuse reflectance spectroscopy. The obtained nanocomposite exhibited high photocatalytic efficiency for the removal
of hazardous Rhodamine B dye from aqueous solution under visible light and the removal rate reached about 100%. Thus,
the enhanced photocatalytic activity could be due to the better adsorption ability onto Zeo@ Ag,O nanocomposite surface
and the high effective separation of photogenerated electron—hole pairs. Also, the obtained results show that both holes (h +)
and hydroxyl radicals (HO®) play an important role in RhB degradation over the synthesized nanocomposite.

Keywords Zeo@ Ag,;0O nanocomposite - Visible light - Photodegradation - Toxic dyes - Water treatment - Natural zeolite

1 Introduction

During the last few decades, there has been an increase in
the pollution load in all the countries. Activities like indus-
trialization and increased urbanization have amplified toxic
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heavy metals and synthetic dyes pollution in the ecosystem
[1], which have numerous awful disasters, from both financial
and ecological perspectives [2]. A lot of industrial manu-
facturing including food, cosmetics, rubber, textiles, paper,
plastic, and soft tissues exploit certain materials during the
treatment of unprocessed stuff. These materials are called
dyes which are organic colored compounds that brought
color to different substrates [3]. The dyes that are used in
textile processing are divided into different types like basic
dyes, reactive dyes, acidic dyes, azo dyes, direct dyes, and
disperse dyes[4—6]. The dyes in general have an aromatic
structure which makes them stable and non-biodegradable in
nature[7]. According to that, dyes are well known in toxic-
ity, carcinogenic, and mutagenic properties. They have severe
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damage to the liver, brain, kidneys, fertility, and nerve system
[8]. Moreover, colored water resulting from dyes can harm
the marine environment since sunlight could not go through
the colored water and impacts the photosynthetic process[9].
It is very essential to control the concentration of colored
dyes in waste effluents because of their wide applications
and various hazard and toxic properties. Hence, the cleaning
of aquatic systems from colored dyes becomes environmen-
tally significant.

Different remediation approaches have been performed
for the removal of dyes namely, precipitation, filtration, ion
exchange, oxidation, coagulation, ozonation, and adsorp-
tion [10-13]. However, the aforementioned methods may
have major limitations and drawbacks on the remediation
consisting of costly operating process, ineffective at low
adsorbate concentration, poor selectivity, and releasing by-
toxic species into the environment [14].

In the last few years, the scientific community has shown
great interest toward nanomaterials because of their attrac-
tive features and numerous technological applications [15].
These nano-structured materials with distinctive properties
guide to enhanced qualities for instance: catalysts, adjusted
photo-activity, improved strength, and several remarkable
features. Nanotechnology is also addressed toward finding
solutions to the presented environmental problems. In our
time, the photocatalytic process is suggested as one of the
most promising approaches for the removal of different
toxic and dangerous poisons in addition to environmen-
tal remediation [16]. Currently, metal oxide semiconductors
have revealed huge research as photocatalysts with great
approaching in environmental decontamination and solar
energy conversion[17]. Several metal oxides for example:
TiOy, Agx0, ZnO, MoO3, SnO3, ZrO2, WO3, SrTiO3, and
Fe;O3 have been explored as photocatalysts with inten-
sive research [18]. These semi-conductive nanomaterials are
active in UV—Vis spectra, nontoxic, biologically inactive,
chemically stable, water insoluble, and most importantly
cost-effective. When the metal oxide photocatalysts are illu-
minated with radiation where its energy is equal to or greater
than the band gap energy of the photocatalyst, the pho-
tons are absorbed yielding photo-generated charge carriers.
These charge carriers are very reactive and responsible for
the creation of destructive species (OH — ions and super-
oxide radicals) which are sufficiently strong to oxidize and
decompose or decolorize toxic organic pollutants [19-22].

Silver oxide (Agr0) is eminent semiconductive material
that has enormous applications due to its electrochemical,
electronic, optical, and anti-bacterial properties [23, 24]. It
is largely exploited in oxidation catalysis, fuel cells, sensors,
solar cells, optical switching tools, and biological probes[25].
Silver oxide nanoparticles have band gap energy of 1.2 eV
which gives very strong decolorizing capacity utilized in
the photocatalytic decomposition of organic dyes in water
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systems [17, 25-27]. Recently, silver-containing nanoparti-
cles like Ag> O, AgzVOy4, Ag3POy4, and AgrCO3 demonstrate
tremendous photocatalytic properties in the purpose of pol-
lutants removal which is quite better than other visible
light photocatalysts such as N-TiO», Zn,S, and BiVOs3 [28].
Accordingly, Ag>O nanoparticles are considered as one of
the most desirable photocatalysts.

However, the major problem associated with the utilizing
of metal oxide nanoparticles in wastewater treatment is to
promote the post-separation process and slow down the rapid
aggregation that noticeably reduces the surface area which
has anegative impact on the photocatalytic efficiency [29] 30.
The drawbacks can practically be solved by applying certain
supports such as clay, glass, activated carbon, and synthetic
or natural zeolite [31, 32]. Comparative photocatalytic study
was investigated in aqueous solution under UV-light where
two nanocomposites (TiO,-Zeolite and ZnO-Zeolite) were
successfully investigated for the removal of Rhodamine B
dye [29]. The employment of natural zeolites as adsorbent
material has concerned significant interest because of their
structural and chemical features. Natural zeolites are abun-
dant, non-toxic, cheap, chemically and thermally stable and
consequently are excellent materials for water remediation
[33-35].

This study is a continuance of our preceding work where
natural zeolite was used as a supporting material of TiO,
and ZnO nanoparticles for the photodegradation of cationic
dye[29]. In the current study, the natural zeolite is customized
with silver in order to synthesize nanocomposite including
silver nanoparticles. The zeolite-based photocatalyst is char-
acterized whereas the adsorption equilibrium and kinetic
studies are well discussed, and a detailed analysis of the
effect of Ag>O nanoparticles on Rhodamine B removal as a
dye model (Rhodamine B dye is a typical triphenyl methane
chemical dye that has been widely used and commonly
detected in various wastewater) with proper mechanism is
accomplished. The outcome of this study will support and
assess in finding new types of nanocomposites that will be
utilized in wastewater processing which is recognized as an
imperative factor for all aspects of life.

2 Materials and Methods
2.1 Reagents

All chemical materials used in this study are purchased from
Sigma-Aldrich and used as received. Silver nitrate (AgNOs3,
MM 169.87 g mol~!, Density 4.35 g cm™>, purity 99.9%),
ethanol (CH3CH,OH, MM 46.07 g mol~!, 98%), and ammo-
nium hydroxide (NH30H, MM 35.04 g/mol, 28%). The
zeolite samples [29] are washed several times with deionized
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water in order to remove impurities. Then the dried material
is crushed and sieved for subsequent experiments.

2.2 Characterization

The natural zeolite sample and Zeo@Ag,O composite
are characterized using different characterization methods.
Brunauer-Emmett-Teller (BET) method is performed on
Quantachrome surface area analyzer to estimate the surface
area and type of porosity. The main functional groups in the
range of 4000-400 cm™! are assigned by Fourier-transform
infrared spectroscopy using IRAFFINTT-2 spectrometer.
The crystal patterns of zeolite and the nanocomposite are
recorded by X-ray diffractometer-7000, Shimadzu from 5°
to 80° 2e at a scan rate of 2°/min. The surface morphology
analyzed by scanning electron microscopy (SEM) of both
tuff and Zeo @ Ag, O nanomaterials is measured on INSPECT
S50 microscope. Thermal data (TGA/TDA) of samples are
obtained by using Shimadzu Instruments DTG-60 between
24 and 900 °C (in air, 10 °C. min~"). The optical absorption
properties are recorded using UV-Vis spectrophotometer
JascoV730.

2.3 Preparation of Ag-Zeolite Nanocomposite

Ag-zeolite nanocomposite is prepared as per the following
procedure. Around 5.0 g of the natural zeolite is introduced
in a flask with 100 mL deionized water. The zeolite tuff is
dispersed under the sonication for 2 h whereas the system is
purged with nitrogen gas for 30 min. Then, 10 mL of 0.2 M
silver nitrate solution is added drop by drop under vigorous
stirring, and in dark light-free closed system. After 1 h of
stirring, a solution containing 2% ammonia is injected slowly
into the mixture. 2 h later, the system is then allowed to reflux
for 3 h at 90 °C. Then, the mixture is allowed to cool and
is separated by centrifuge. The obtained solid Ag-modified
zeolite material (Zeo@ Ag,0) is dried and stored for further
experiments.

2.4 Photocatalytic Degradation Experiments
of Synthesized Zeo@Ag,0 Nanocomposite

The photocatalytic activity of the as-prepared Zeo@Ag,0
nanocomposite was investigated by decomposition of haz-
ardous RhB dye under sunlight. In typical experiment,
100 mg of Zeo@Ag20 nanocomposite was weighed and
mixed with 100 mL of 5 mg L' RhB aqueous solution at
initial pH value of 6. Before sunlight irradiation, the aqueous
suspension (RhB dye/Zeo @ Ag20) was magnetically stirred
in the dark for one hour to establish adsorption/ desorption
equilibrium between the photocatalyst and RhB dye. Next,
the magnetic stirring of the mixed suspension was continued
and exposed to sunlight irradiation to start the degradation

process. At a given time interval (Every 10 min), 2 mL of the
suspension was collected from the photocatalytic system, and
then the residual RhB concentration was determined using
UV-Vis spectrophotometer (Shimadzu UV-Vis spectrom-
eter) with respect to the maximum absorbance at 554 nm.
Finally, the degradation efficiency was calculated using the
following equation:

Degradation efficiency = (ﬂ) a0
Ct

where C; (mg/L) is the concentration of each time period and
Co (mg/L) is the initial concentration of RhB dye.

3 Results and Discussion
3.1 Characterization

FTIR is usually used to find out information about the
main functional groups of the investigated materials. The
spectrum of zeolite tuff (Fig. la) is supported the typi-
cal IR spectrum of natural zeolites where strong peaks are
present in the typical range. The O-H stretching vibrations
obtained as a result of the intermolecular hydrogen bond-
ing appeared at 3400 cm~!. The symmetric and asymmetric
stretching vibrations of O—Si—O and O-AI-O are assigned in
the range of 810-800 cm™! and 1025-1100 cm™![36]. The
band at 1650 cm™~! represents the bending vibration of H,O
molecules present in the zeolite channels [35]. The AgrO
modified zeolite material (Fig. 1b) is confirmed by stretch-
ing vibration of Ag—O bond that can be observed in the range
of 400-800 cm ™! [25]. After loading of Ag>O NPs, itis clear
that the intensity of peaks is significantly decreased, show-
ing that AgrO NPs are precipitated on the crystal structure
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Fig. 1 FTIR spectra of a Zeolite, b Zeo@Ag, O nanocomposite
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Fig.2 BET isotherm of a Zeolite, b Zeo@Ag,O nanocomposite
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Fig.3 Powder XRD patterns of a zeolite tuff, b Zeo@ Ag, O nanocom-
posite

and then in the porous system of zeolite. These results are in
accord with the previously reported studies[37].

The specific surface area and pore size of natural and
Ag-modified zeolite samples are determined using the Nj
adsorption—desorption isotherms as depicted in Fig. 2. The
BET surface area of zeolite tuff is found to be 69 m> g~!
whereas AgrO-modified zeolite has a higher surface area
reached to 286 m?> g~!. The positive enhancement in the
surface area of the nanocomposite is ascribed to the impreg-
nation of small metal particles on the zeolite which provides
extra areas. From Fig. 2 and according to IUPAC classifi-
cation, the samples fall into the mesoporous category and
revealed type IV isotherm [38]. This pattern shows a hystere-
sis loop which is accompanied with capillary condensation
and evaporation in mesoporous materials. The average pore

@ Springer
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size of unmodified and Ag,O-impregnated zeolite is 2.6 and
3.1 nm respectively, which is between 2 nm <d <50 nm [39].

XRD is acommon technique of characterization and eval-
uation of the zeolite framework, where it is used to determine
the symmetry and unit cell parameters. The crystalline phases
present in zeolite tuff and Ag-zeolite are analyzed and pre-
sented in Fig. 3. The pattern of natural zeolite shows intense
peaks at 2e of 9.56, 12.93, 20.63, 24.93, 30.65, and 34.32
which corresponds to the zeolite minerals (Ch-chabazite, P-
phillipsite, and F-Faujasite) [29].

Moreover, the Agr;O-modified zeolite nanocomposite
depicts new weak to moderate intensity peaks as appeared
in Fig. 3b. The new peaks are clearly pointed out the exis-
tence of silver nanoparticles decorated the zeolite material
and are indexed as a set of lattice planes (111) (200) and (220)
(JCPDS, No. 04-0783). All the mineralogy peaks are notice-
able and quite strong, which verify the good crystallinity of
the studied samples [40]. The crystalline pattern reveals face-
centered-cubic (FCC) structure of AgNPs[41].

The surface morphologies of zeolite tuff and Zeo@Ag,O
nanocomposite are investigated by scanning electron
microscopy. The SEM image of natural unmodified zeolite
displayed in Fig. 4a demonstrates roughness morphology
with huge number of cracks and cavities, whereas Fig. 4b
shows the SEM analysis of Ag-impregnated zeolite nanopar-
ticles with relatively distinguishable sizes. AgNPs form
irregular blocky structures with different shapes. From EDX
spectra, it is clearly indicated that silver nanoparticles deco-
rated the zeolite material are presented with relatively high
weight percentage.

The thermogravimetric analysis (TGA) and differential
thermal analysis (DTA) were used in order to verify the rate
of decomposition of water and conversion of Ag>O into Ag
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Fig.4 SEM images and EDX spectrum of a and d zeolite tuff, b, ¢, and e Zeo@Ag, O nanocomposite
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Fig.5 The TGA and DTA curve of Zeo@ Ag,O nanocomposite

nanoparticles in the zeolite surface and then studied the sta-
bility of as-prepared nanocomposite. Figure 5 shows TGA
and DTA curves of Zeo@Ag,O nanocomposite in air from
25 °C to 900 °C. In which the weight loss observed between
100 °C and 190 °C is continuous, the total loss in this range
reached about 5.5% which is mainly due to an endothermic
reaction at 145 °C for removal of physically adsorbed water.
The second total weight loss with about 6.41% occurred from
250 °C to 370 °C with an exothermic reaction at 305 °C,
which is most likely attributed to the decomposition of Ag,O
compounds to Ag and Oy (Ag0 — Ag + O3) [42]. On the
other hand, the last peak observed at 490 °C is corresponding
to the endothermic reaction which is mostly associated with

removal of the residual nitrate used for the preparation of
Ag>0 nanoparticles. Therefore, these obtained results indi-
cated that the as-prepared Zeo@ Ag,O shows good thermal
stability in the range of temperature between 25 and 250 °C.

The UV-Vis diffuse reflection spectroscopy technique is
used to study the optical adsorption properties of Zeo@Ag, O
nanocomposite and the results are shown in Fig. 6a. Nev-
ertheless, we could find that the as prepared Zeo@Ag,O
displayed an obviously a wide and strong light absorbance in
the whole visible light region due to pure p-Ag,O nanopar-
ticles which is in good agreement with the previous reports
[19, 43]. This attitude can give an excellent photocatalytic
activity toward hazardous dyes. However, the band gap (Eg)
of nanocomposite is calculated by fitting the corresponding
absorption data using the following Kubelka—Munk equa-
tion:

(ehv)? = A(hv — Eg)

where « is the absorption coefficient, A is constant, & is
Planck constant, v is light frequency, and Eg is the band
gap energy.

Thus, the Eg of the Zeo@Ag>O nanocomposite is esti-
mated to be about 1.20 eV from the plot of (ahv)? versus the
photon energy (hv), as shown in Fig. 6b.

3.2 Photocatalytic Activity of as Prepared Zeo@Ag,0
In order to investigate the photocatalytic degradation capabil-

ity of Zeo @ Ag> O nanocomposite, the degradation of RhB in
wastewater is examined under sunlight irradiation as a func-
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Fig.6 a UV-vis—NIR diffuse reflectance spectraand b corresponding to
plots of (ahv)? versus the photon energy (hv) of zeo@ Ag>O nanocom-
posite

tion of time. Figure 7a, b displays the Ct/Cq versus time plots
and the removal efficiency of RhB under sunlight without
catalyst, Zeo@Ag, O catalyst without sunlight (adsorption),
and in the presence of Zeo@Ag;,0 catalyst under sunlight,
respectively. However, it can be seen that the photolysis
efficiency (blank run) reveals a little reduction in the RhB
concentration which is estimated to be approximately 6%
under sunlight irradiation for 90 min. Thus, confirmed that
direct photolysis has no effect on the removal of RhB dye
from aqueous solution. Also, the adsorption capacity of the
as-prepared nanocomposite is evaluated under the dark con-
dition and it is found that only 33% of RhB dye can be
eliminated within 90 min. This little adsorption capabil-
ity of as-synthesized nanocomposite is partially referred to
as the electrostatic interactions between cationic pollutant
molecules and negative charge on zeolite surface. This neg-
ative charge of the surface is attributed to the existence of
silanol and aluminol groups [44]. Afterward, the photocat-
alytic activity of Zeo@ Ag>O nanocomposite in the presence
of solar light is investigated over the decomposition of haz-
ardous RhB dye. It can be seen that the degradation efficiency
increases rapidly and the results show about 100% of RhB
dye is degraded in wastewater under 90 min of irradiation.
Based on the obtained characterization results, the high pho-
todegradation rate of hazardous RhB dye by Zeo@Ag,O
nanocomposite is contributed to the high dispersion of AgrO
nanoparticles on the zeolite surface, which can reduce their
agglomeration and then make these particles in more contact
with RhB molecules. In this work, it is easy to conclude that
the removal of RhB dye from wastewater can be improved
by the synergy of adsorption and photocatalysis.

On the other hand, the photodegradation efficiency of our
synthetized Zeo@Ag,O nanocomposite is compared with
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other photocatalysts previously studied in the literature, Table
1. The activity of Ag,O loaded Zeolite is high, as mentioned
above, the presence of AgrO on the zeolite surface plays
an important role in improving the degradation efficiency of
RhB dye during 90 min of irradiation, which is high and fast
compared to other photocatalysts.

3.3 Role of Reactive Oxygen Species and Possible
Improved Photocatalytic Mechanism
of Zeo@Ag,0 Nanocomposite

To study the photodegradation mechanism of hazardous
RhB dye over Zeo@Ag,O nanocomposite, the trapping
experiments are firstly performed using different scavengers.
Among them: EDTA-2Na (EDTA), L- acid ascorbic (ASC),
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Table 1 Comparison of

photocatalytic degradation of Photocatalyst

Light source

Time (min)  Ref

Crip (mg/L)  Degradation (%)

RhB dye using various

photocatalysts Ns-TiO; bilayer

UV-visible

4.8 50% 300 [45]

Fe,03/Hy0, visible light 15 100% 180 [46]

g/Zn0 /AgO/TiO; UV-visible 10 99.3% 100 [47]
composite

SnC5 Visible light 10 100% 125 [48]

Zeo@Ag,O Visible light 5 100% 90 This work

and Isopropanol alcohol (IPA) to quench hole (h*), super-
oxide radicals (°O,7), and hydroxyl radicals (HO®) in the
photocatalytic reaction, respectively. As displayed in Fig. 8a,
b, the degradation efficiency is significantly reduced from
100 to 13% and 39% after the addition of (4 mM) of EDTA
and IPA into the system under sunlight irradiation, respec-
tively. This indicated that both h* and HO® play a crucial
role in the photodegradation process. Whereas, the removal
of RhB is still up to ~ 85% with ASC as scavengers for super-
oxide radicals (°O>7), which means that °O,™ don’t play
an important role in photocatalytic degradation of RhB over
Zeo @ Ag,0 nanocomposite. Thus, the obtained results indi-
cated that the order of photogenerated active species is h* >
HO° >°0;,™.

On the other hand, the CB and VB edge potential of
Ag>0 semiconductor photocatalyst are determined by using
the Mulliken electronegativity theory to gain insight into the
photocatalytic mechanism of Zeo@Ag,O catalyst [22, 49].

1

X(AaBy) =[x - (B | @)
Eg

Ecs =X —Eo— =" 3

Evp = Ecp — E; “4)

where x (eV)is the absolute electronegativity of the semicon-
ductor Ag>O which is determined to be 5.29 eV, E; is band
gap energy of semiconductor and E|, is the free electrons of
the energy on the standard hydrogen spectrum (~4.5 eV).
Evp (eV),EEcp is the CB edge potential, Eyvp is the VB
edge potential of the semiconductor. According to the above
equations, the Eyp and Ecp of Zeo@Ag,O nanocompos-
ite are determined to be 1.40 eV and 0.20 eV versus NHE,
respectively.

Apparently, Zeo@ Ag,O nanocomposite with gap energy
equal 1.20 eV can be excited by visible light irradiation. The
photogenerated electrons in the conduction band could easily
transfer to the valance band of as prepared nanocomposite
and then the free electrons and holes could be generated
in CB and VB, respectively. However, the negative surface
of zeolite can play a crucial role to resolve the problem of
recombination electron—hole pairs.
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Fig.8 The species trapping experiments for degradation of RhB over
Zeo@Ag,0 nanocomposite

As can be seen in Fig. 9, the accumulated electrons in the
CB of Zeo@ Ag>O nanocomposite with a potential 0.20 eV
versus NHE could note reduce O, to produce ‘O, ~ which is
more positive than the standard redox potential of O2/°O;~
(— 0.33 eV vs. NHE). While it can react with O, dissolved
and produce HyO; because of the more positive potential
of O2/H20; (+ 0.682 eV) and then H,O, may react with
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Fig.9 The schematic drawing of
the photocatalytic performance
of Zeo@Ag20 nanocomposite

NHE (cV)

0.0 == e e e e =

140 -----%------

electrons to produce HOe radicals. However, because the CB
potential of Zeo@Ag,0O is more negative than the potential
of the OH/H;0 (~2.72 eV), the photogenerated holes cannot
react with the OHe to produce OH™ but it can oxidize RhB
molecules directly and produce simple molecules CO, and
H>O as explained in the following equations (Eq. 5-10).

Zeo@Ag,0 + hv — Zeo@Ag,0 (eqp + h{,B) (@)
02 +ecy — Oy (6)
‘05 + H,0 —" OOH +OH™ @)
"OOH + H,0 + ecy — Hy0, + OH™ ®)
H0; +egy — OH+OH™ ©)
h* + RhB dye — CO; + HO (10)

3.4 Evaluation of Stability

The stability and recyclability of any photocatalyst is a crit-
ical factor for their practical applications. Nevertheless, the
photocatalytic degradation of RhB dye using Zeo@Ag,0O
nanocomposite is investigated for 90 min at three time’s
cyclic experiments. In this work, the Zeo@ Ag,O nanocom-
posite used after each run is collected from aqueous media
and washed several times with ethanol and water, and then
dried in the electrical oven at 80 °C for the next use. As
displayed in Fig. 10, it can be observed that Zeo@Ag,O
nanocomposite still has high photocatalytic activity toward
hazardous Rhodamine B in aqueous media after three cycles,
and the photocatalytic degradation efficiency of Zeo@Ag20
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Fig. 10 Cycling runs for the photocatalytic degradation of RhB dye over
Zeo@Ag,0 under visible-light irradiation

nanocomposite decreased from ~ 100% in the first run to
88.3% and 81.7% in the 2nd run and 3rd run, respectively.
This reveals that this nanocomposite has excellent stability
under visible light illumination. The slight decrease in activ-
ity could be attributed to the loss of catalyst throughout the
processes of recycling. Taken into account Ag,O is used
directly as a photocatalyst without support, it decomposed
into weakly active Ag during O, evolution from water. In this
work, the high stability can be due to the fact that the silver
reduction was minimal during light irradiation which can be
attributed to the negative surface of the zeolite. Therefore, the
nanocomposite Zeo@ Ag, O photocatalyst can be considered
as stable photocatalyst during the photocatalytic degradation
process.
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4 Conclusion

To summarize, the Zeo@Ag,O nanocomposite is success-
fully prepared using a facile method and characterized using
different techniques such as XRD, FTIR, SEM, EDX, BET,
and UV-vis diffuse reflectance spectroscopy. Zeo@Ag,O
photocatalyst exhibited high photocatalytic efficiency for
Rhodamine B dye degradation and achieved 100% in 90 min
under visible light irradiation. Additionally, the Zeo@Ag,O
nanocomposite revealed high stability under sunlight irradi-
ation after 3 runs. The obtained results demonstrated that the
prepared photocatalyst can be considered eco-friendly and
promising toward hazardous dyes in aqueous media.
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