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ABSTRACT

Photocatalysis is one of the most effective techniques for treating organic pigments in wastewa-
ter. Some composite materials are prepared by combining photocatalysts and magnetic adsor-
bents and are used for treating organic pigments in water. In this work, zinc oxide-doped rGO-
based nanocomposite materials were prepared via a simple process. In particular, Fe,O3 was
added to those nanocomposites to form magnetic photocatalytic materials that can be recov-
ered and reused after reactions. The material structure was characterized by scanning electron
microscopy (SEM), Fourier transform infrared (FT-IR) spectroscopy, and ultraviolet-visible diffuse re-
flectance spectroscopy (UV—Vis DRS). Rhodamine B (RhB) and methylene blue (MB) were photo-
chemically treated with the prepared magnetic photocatalytic materials. Ultraviolet-visible spec-
troscopy (UV-Vis) was used to determine the concentrations of organic pigments before and after
treatment with the materials. The photocatalytic degradation efficiency of MB and RhB reached
more than 84% after 75 min and more than 98% after 6 h, respectively. The magnetic photocatalytic
materials effectively recovered (up to 92%) after 3 cycles. In addition, the mechanism of photocat-
alytic degradation was investigated via capture experiments. The results indicated that magnetic
photocatalytic materials can effectively treat MB and RhB in water and can be recovered and reused,

showing their potential as attractive alternatives to treating organic pigments in wastewater.
Key words: nanocomposite, magnetic, photocatalysis, organic pigment treatment

INTRODUCTION

In recent years, the textile and dyeing industry has
significantly developed and greatly contributed to the
overall economic development of the country. How-
ever, the problem of environmental pollution arising
from the production process has also increased. The
textile and dyeing industries release large amounts
of wastewater with high concentrations of pollutants
into the environment every year. In addition, some
wastewater treatment systems in developing countries
have not been invested in, or the damaged system has
not been promptly repaired. These factors could sig-
nificantly impact the underwater ecosystem and espe-
cially cause a serious shortage of clean water. Wastew-
ater treatment, especially for textile wastewater, has
become highly important and urgent. Many studies
have focused on treating wastewater and improving
water quality. Currently, many methods are used to
treat textile wastewater, such as mechanical methods,
chemical methods, chemical-physical methods, and
biological methods.

The photodegradation method uses photoactive cat-
alysts to decompose toxic components in textile and
dyeing industry wastewater. This method, which has

high treatment efficiency and low cost, is promis-
ing for treating textile wastewater. Maksoud et al.!
gathered more than 400 reports on research projects
using magnetic materials to treat toxic components
in wastewater. In those studies, magnetic materi-
als were also functionalized and coated on inorganic
or organic materials such as polymers and chitosan
to increase efficiency?. However, these studies have
focused on pollutants separately, not on the simul-
taneous treatment of pollutants, while any type of
wastewater contains many different types of pollu-
tants. Zinc oxide (ZnO) is a promising n-type semi-
conductor material used in many applications, such
as solar cells3, antibacterial surface coatings, light-
emitting diodes (LEDs), nanoelectricity generators,

and photocatalytic applications®.

ZnO nanostruc-
tures have high chemical, optical and electrical con-
ductivity stability. When ZnO is used as a pho-
tocatalyst, electron—hole pairs that are photogener-
ated when excited can react with oxygen and water
molecules to create free radicals that can decompose
organic and inorganic compounds in the aquatic envi-
ronment. Sonu Kumar et al.® covered ZnO nanoma-

terials with rGO (ZnO/rGO) as a photocatalyst to de-
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compose 4-bromophenol (4-BP) and diethyl phtha-
late (DEP). These are persistent organic pollutants in
wastewater (mainly aromatic compounds). The re-
sults show that the ZnO/rGO nanomaterials can de-
compose more than 95% of the 4-BP and DEP. How-
ever, the recovery ability of the material has not been
evaluated. Juan Xie et al. prepared Fe;03/ZnO ma-
terials capable of treating pentachlorophenol with an
efficiency greater than 95% after 4 hours under UV
light conditions. The material shows positive recov-
ery®. Research by Sujoy Kumar Mandal et al. re-
vealed that the use of ZnO quantum dots/rGO to
treat MB and Rhodamine 6G (2019) has a high dye
degradation efficiency under UV irradiation.” One
method for synthesizing materials is the hydrother-
mal method. Zhuang Liu et al. (2020) researched the
synthesis of Fe;03/rGO using different hydrothermal
methods as anode materials for lithium-ion batter-
ies.® Sugianto Sugiantoa et al. (2023) researched the
hydrothermal synthesis of GO/ZnO composites and
their micromorphology and electrochemical perfor-
mance.® These studies all successfully synthesized the
materials via a hydrothermal method.

In this article, we describe a method to prepare new
nanocomposite materials for treating organic pig-
ments in water. This involves the combination of pho-
tocatalytic (ZnO, rGO) and magnetic active (Fe;O3)
ingredients in Fe;O3/ZnO/rGO nanocomposite ma-
terials. Our goal was to develop a material with si-
multaneous photocatalytic and magnetic activities for
treating MB and RhB in wastewater. The material
can be easily recovered and reused, the procedure of
wastewater treatment becomes simple, and its cost is
reduced.

The organization of this paper is as follows:

In the experimental section, we described (i) the
preparation and characterization of the Fe, O3, rGO,
and Fe;03/ZnO/rGO jgreriais used in this study; (ii)
the methods used for the treatment of MB and RhB
via prepared Fe;O3/ZnO/rGO; and (iii) the recovery
and reuse of the Fe;03/Zn0O/rGO material after MB
and RhB treatment.

In the results section, we present the results of the
preparation of Fe;O3, rGO, and Fe;O3/ZnO/rGO
and their characterization via FT-IR, SEM, and
UV-Vis DRS. In this section, we also present the re-
sults of the treatment of MB and RhB in aqueous
solution and the recovery and reusability of spent
Fe,03/Zn0O/rGO by the application of a magnetic
field.

In the discussion section, we discuss the results of
the preparation and characterization of the Fe;Os,

rGO, and Fe;03/ZnO/rGO materials and the re-
sults of the MB and RhB treatments. We propose
a mechanism for the photodegradation of MB and
RhB. Finally, the possibility of recovering and reusing
FepO3/Zn0O/rGO is mentioned.

EXPERIMENTAL

Chemicals

Zinc acetate dihydrate 99%, iron(III) nitrate non-
ahydrate 99%, hydrogen peroxide 30%, hydrochloric
acid 35%, sulfuric acid 98%, sodium hydroxide 99%,
ethanol 99%, potassium permanganate 99%, methy-
lene blue, acetic acid 99% and acetone 99% were sup-
plied by Xilong Company; ascorbic acid 99% (Fisher),
graphite (Merck), ammonia solution 25% (GHTech),
and Rhodamine B (Oxford Lab Fine Chem LLP) were
used without further purification. Distilled water was
obtained from the laboratory of Hanoi University of
Mining and Geology.

Preparation of nanocomposite materials
Preparation of Fe;0;

First, 20 g of Fe(NO3)3-9H20 and 100 mL of ethanol
were added to a round-bottom flask, and the mixture
was stirred to obtain a homogeneous phase. Then,
10 mL of acetic acid was added, followed by slowly
adding 60 mL of ammonia solution into the flask
while stirring at room temperature (25°C). The mix-
ture was refluxed for 1 hour at 180°C. After the reac-
tion, the excess NH3 was evaporated under vacuum
for 2-3 hours. The remaining mixture was filtered,
and the resulting solid was washed with distilled wa-
ter and ultrasonicated for 30 minutes. The water was
then evaporated, and the solid was heated at 400°C for
3 hours. A dark brown Fe, O3 solid was obtained.

Preparation of GO'%1

The procedure followed the method of Bui et al. !®!!

with a minor modification. First, 2.5 g of NaNO3
and 5 g of graphite were slowly added to 115 1 of
98% H2SO4 solution, which was maintained at 3-
5°C. Stirring with a magnetic stirrer was continued
for 30 min, and then 15 g of KMnOy4 was gradually
added while the temperature was maintained below
15°C. The temperature of the reaction mixture was
increased to 35°C, and the mixture was stirred for ap-
proximately 30 min; then, distilled water was gradu-
ally introduced into the reaction mixture to maintain
the temperature at approximately 45°C. The temper-
ature was subsequently increased to 95°C, and the re-
action mixture was stirred for an additional 15 min
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at this temperature. Next, the temperature of the sys-
tem was reduced slowly to room temperature, 50 mL
of HyO, solution was added to the mixture, and the
mixture was stirred for 20 minutes. The solid of the
final mixture was centrifuged at 8000 rpm for 6 min
to obtain GO. Then, the GO was dispersed in a 0.1
M HCI solution, stirred for 15 min and centrifuged
to purify the GO from the impurities. After drying at
70°C - 80°C and grinding with a ceramic mortar, the
resulting product was GO.

Preparation of rGO 7%

The procedure follows the method of Bui et al.'®!!

with some modifications, and the details are as fol-
lows. First, 10 g of arcic acid was dissolved in 100 ml
of distilled water. One gram of GO was dispersed in
100 ml of distilled water by stirring and ultrasonica-
tion for one hour to form a suspension. Then, 3 grams
of gelatin was gradually introduced, and the temper-
ature was increased to 70°C. One hundred milliliters
of aqueous solution containing 10 g of ascorbic acid
was added slowly to the suspension within 2 hours.
The mixture was subsequently heated at 70°C for 12
hours. The resulting mixture was centrifuged and fil-
tered, washed with water and ethanol, and dried at
60°C. The obtained product was reduced graphene
oxide (rGO).

Preparation of ZnO/rGO

A total of 0.5 g of rGO was introduced into a beaker
containing 100 mL of distilled water, after which the
mixture was sonicated for 30 minutes. First, 2.75 g
of zinc acetate dihydrate (Zn(CH3COO),-2H,0) was
dissolved in 50 mL of water and then stirred for 30
minutes. Two hundred milliliters of a solution con-
taining 4 g of NaOH was slowly added to the zinc
acetate solution, and a white milky precipitate ap-
peared in the resulting mixture. The mixture was sub-
sequently poured into a beaker containing rGO in wa-
ter. The resulting mixture was refluxed for 36 hours
at 180°C. The obtained mixture was filtered to collect
the solid, which was washed several times with dis-
tilled water until the wash water was clear and the pH
was neutral. The solid was dried at 70°C for 8 hours
to obtain ZnO/rGO.

Preparation of Fe;05;/ZnO/rGO

First, 0.5 g of Fe;O3 was added to a beaker containing
60 mL of ethanol, and the mixture was stirred for 30
minutes. Then, 0.5 g of ZnO/rGO was added, and the
mixture was stirred for 1 hour. After that, the mixture
was sonicated for 30 minutes. Finally, the solvent was
evaporated at 80°C for 1 h and turned dark brown to
obtain the fine powder Fe;03/ZnO/rGO.

Characterization

The structure of the solid materials was character-
ized via SEM (Hitachi S-4800), UV-Vis DRS (GBC
Instrument-2885), and FT-IR (Jasco FT-IR-6800).
The concentration of the dyes RhB or MB in the solu-
tion was determined via UV—-Vis spectroscopy (Jasco
V-750).

Evaluation of the photocatalytic activity of
the materials

First, 0.05 g of the solid material was added to a beaker
containing 50 mL of an aqueous solution with a con-
centration of 50 ppm MB or RhB dye. The MB (RhB)
decomposition reaction occurred at 25°C and pH 8.0.
The mixture was gently stirred in the dark for 30 min-
utes. Then, the reaction mixture was illuminated in a
glass beaker with an 11 W compact lamp, and sam-
ples were taken at regular intervals, typically 1.5 to 2
mL each time, for UV—-Vis measurement. The process
was continued until the color of the solution clearly
decreased. Finally, the solid material was collected
after the treatment. The solid material after the first
treatment process is used to start the second treatment
process. This process was performed three times to
determine the reusability and organic pigment degra-
dation efficiency of this material.

RESULTS

Characterization results of the materials
Characterization of the Fe,O; material

Figure 1 shows that the FT-IR spectrum of the Fe,O3
nanoparticles can be used to identify chemical bonds
as well as functional groups.

The peak at 3414 cm ™! is characteristic of the stretch-
ing vibration of the OH group. The peak at 1636 cm ™!
indicates the presence of C=0 bonds. The intense
peak at 570 cm ! represents the Fe-O bond, which
is characteristic of Fe,O3 !2. The peak at 1636 cm-1
corresponds to the C=0 bond of the residual COO
group. However, the peak intensity is weak, mean-
ing that the residual amount is very small. The COO
functional group appears because acetic acid is used
in the synthesis of the material.

SEM measurements (Figure 2) revealed that the
Fe, O3 particles were very small, uniform, and spheri-
cal in shape. The image shows that iron nanoparticles
are formed with sizes ranging from 30 nm to 50 nm.

Characterization of the GO and rGO materi-
als

The SEM images of GO and rGO are presented in Fig-
ures 3 and 4. The graphite surface has been separated
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Figure 1: FT-IR spectrum of the Fe, O3 material
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Figure 2: SEM image of the Fe, O3 material

into thinner layers at different magnifications. The
GO surface is relatively uniform, indicating that the
graphite surface has been oxidized. The SEM images
also show that the graphite has been exfoliated after
oxidation in a concentrated acidic medium.

The FT-IR measurement results of GO are shown in
Figure 5. The peak at 3358 cm™! is attributed to
the presence of the OH functional group. The peak
at 1714 cm™! is characteristic of the C=0O vibration,
1616 cm™! corresponds to the C=C vibration, 1367
cm~! indicates the presence of the C-OH group, and
1217 cm~! and 1041 cm ™~ are characteristic of the C-
O vibration (alkoxy, epoxy) 3. These results indicate
the presence of oxygen-containing functional groups

in GO.

The FT-IR measurement results of rGO are shown
in Figure 6. The FT-IR results indicate that the vi-
brational frequencies of the oxygen-containing func-
tional groups of GO are almost absent in the rGO
samples. The intensity of the peaks has decreased.
This is a result of the reduction process of the oxygen-
containing functional groups on GO using ascorbic
acid. These results are confirmed by the elimination
and reduction in peak intensities, as shown in Fig-
ure 5.

The peak intensities at 3358 cm~!, 1616 cm ™!, and
1217 cm~! considerably decreased, and the peaks at
1367 cm~! and 1041 cm~! were no longer present.
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Figure 6: FT-IR measurement results of the rGO material.

This indicates that the number of oxygen-containing
functional groups in GO has decreased. The FT-
IR measurement results of rGO also confirm that
although most of the oxygen-containing functional
groups in GO have been reduced, some residual oxy-
genated functional groups are still present on the sur-
face of rGO but with weaker intensities after reduc-
tion.

Characterization of the ZnO/rGO and
Fe>05/Zn0/rGO materials

The SEM images of ZnO/rGO and Fe; O3/Zn0O/rGO
are shown in Figures 7 and 8, indicating that ZnO and
Fe, O3 were dispersed on the surface of the graphene
sheets. The nearly spherical ZnO and Fe, O3 nanopar-
ticles are randomly dispersed on the surface of the
graphene. The formation of spherical ZnO nanoparti-
cles may be attributed to the addition of OH-(NaOH),
which accelerates the reaction rate, leading to the for-
mation of more particles in a shorter time'*. The
graphene sheets are not perfectly flat but rather exhibit
numerous folds. Therefore, the structures of ZnO and
rGO are sometimes uneven.

The XRD the ZnO/rGO
FepO03/ZnO/rGO materials are shown in Fig-

spectra  of and
ure 9 and Figure 10, respectively. The characteristic
peaks for ZnO in Figure 9 were the peaks at 31.8°,
34.5°, 36.3°, 47.6°, 56.7°, 63.0°, and 68.0° 69.2°. The
characteristic peaks for Fe;O3 in Figure 10 were the

peaks at 24.2°,33.2°, 35.7°, 40.9°, 49.5°, 54.1°, 62.6°,
and 64.1°.

According to the EDX results of the Fe,O3/ZnO/rGO
material in Figure 11, the C, Fe and Zn contents are
19.99%, 14.58% and 18.28%, respectively. The phase
forms of Fe;O3 and ZnO are hematite-rhombohedral
structures and zincite-hexagonal crystal structures,
respectively. The XRD and EDX results above indi-
cate that the ZnO/rGO and Fe; O3/Zn0O/rGO materi-
als were successfully synthesized.

Ultraviolet—visible diffuse reflectance spectroscopy
(UV-Vis DRS) has been used to study the optical
properties of photocatalysts. The UV-Vis DRS mea-
surement results for determining the band gap en-
ergy of the synthesized materials are presented in Fig-
ure 12.

Fe;03/Zn0O/rGO has a high treatment ability in the
visible light region, demonstrating the ability to cap-
ture visible light. An increase in the visible light
absorption of Fe;O03/ZnO/rGO nanomaterials has
been proposed because of the resonance effect be-
tween ZnO and rGO.!* The bandgap energy of
semiconductor-based photocatalytic materials plays a
decisive role in the photocatalytic activity of the ma-
terial. The range of photon energies for visible light is
1.7 to 3.3 eV. The bandgap energy of Fe; O3/Zn0O/rGO
=2.85eV (<3.3 eV). Therefore, photocatalytic activity
is activated when compact lamps (in the visible light
region) are used because there is still enough energy
to activate the electron from the valence band (VB) to
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Figure 7: SEM image of the ZnO/rGO material.
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Figure 8: SEM image of the Fe,03/Zn0O/rGO material
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Figure 9: XRD pattern of the ZnO/rGO material.
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Figure 11: Elemental analysis of the Fe;03/Zn0O/rGO material via EDX

the conduction band (CB). The photocatalytic activity
is still activated.

Evaluation of the photocatalytic activity for
dye treatment

Treatment with methylene blue

Three materials, rGO, ZnO/rGO and
Fe;03/Zn0O/rGO, are used for the treatment of
MB in water, and the results are shown in Figure 13.

During the first 30 min in the dark (not illuminated),
the UV-VIS measurement results revealed that the
MB concentration gradually decreased due to adsorp-
tion by the material. Without illumination, the MB

concentration in the sample in contact with rGO de-
creased faster than that in contact with ZnO/rGO
vs. FepO3/Zn0O/rGO. However, the decrease in the
MB concentration in the sample in contact with rGO
slowed during the illumination period. ZnO/rGO
and Fe;O03/ZnO/rGO can treat 84.8% of the material

in 75 minutes.

The results of the rhodamine B

Rhodamine B treatment of three materials, rGO,
ZnO/rGO and Fe;03/Zn0O/rGO, are shown in Fig-

ure 14.
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Figure 14: Treatment of different materials with RhB

During the first hour in the dark, the UV-VIS mea-
surement results revealed that the MB concentration
gradually decreased due to adsorption by the ma-
terial. Treatment of RhB with the ZnO/rGO and
Fe,03/Zn0O/rGO samples reached 97.3% and 98.3%,
respectively, after 6 hours of illumination. The rGO
sample had a lower performance than the ZnO/rGO
and Fe;03/Zn0O/rGO samples.

Recovery potential of materials after treat-
ment with organic pigments

The recovery abilites of ZnO/rGO and
Fer;03/ZnO/rGO by a magnetic field after or-
ganic pigment treatment are shown in Figures 15
and 16.

Figure 15 shows that the recovery efficiencies of the
ZnO/rGO material after 3 cycles are 68.2% and 61.2%,
respectively. The efficiencies of treating MB and RhB
after 3 cycles were 80.1% and 93.8%, respectively. Be-
cause the recovery efficiency was low, adding Fe; O3
to the material was necessary. The main role of Fe; O3
in the synthesized material is to improve photocat-
alytic recovery after dye treatment. In fact, recovery
using a magnetic field is better than recovery using a
filter. This is demonstrated by the recovery efficien-
cies of the Fe; O3/ZnO/rGO material after 3 cycles be-
ing 92.4% and 83.2%, respectively. The efficiencies of
treating MB and RhB after 3 cycles were 81.3% and
94.7%, respectively. The addition of magnetic com-
ponents leads to high magnetic recovery ability. Ma-
terials without magnetic components (Fe, O3) cannot
be recovered by using a magnetic field. In addition,
the reusability of Fe;O3/ZnO/rGO is high because the

decrease in photocatalytic activity to decompose pig-
ments of the material is insignificant.

DISCUSSION

To prepare the Fe;O3/ZnO/rGO composite material,
first, Fe;O3 and rGO were separately prepared. Fig-
ure 1 shows that all the functional groups in Fe;O3
were present in the typical absorption peaks of FT-
IR. Similar absorption peak results were obtained by
Buietal.. SEM images revealed that spherical Fe;O3
nanoparticles formed (Figure 2). The GO and rGO
SEM images (Figures 3 and 4) show that GO is in the
form of thick sheets, whereas rGO has stacked thin
layers on top of each other, demonstrating that the
process of peeling off the layer was performed dur-
ing the reduction of GO to rGO by ascorbic acid '°.
The typical absorption peaks indicating the presence
of oxygenated functional groups formed during the
oxidation of graphite to GO (Figure 5) either dra-
matically decreased or disappeared in the FT-IR spec-
trum of rGO (Figure 6). This means that the oxy-
genated functional groups in GO were reduced by
ascorbic acid during the formation of rGO. FT-IR and
SEM analyses indicated that GO and rGO were suc-
cessfully prepared and can be used for further steps.
ZnO/rGO and Fe;03/Zn0O/rGO were then prepared
via a hydrothermal method in which ZnO is formed in
situ from (Zn(CH3COO), and doped on rGO sheets.
SEM (Figures 7 and 8) revealed that the spherical ZnO
and Fe, O3 nanoparticles were randomly dispersed on
the surface of the graphene sheets. The low bandgap
energy of Fe;03/ZnO/rGO (Figure 12) facilitates the
photocatalytic decomposition of dyes. The decrease
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in the bandgap energy of the nanocomposite materi-
als results in fast electron transfer and increased tran-
sition energy. The formation of Zn-O-C chemical
bonds in the ZnO-rGO nanohybrid may be the reason
for the decrease in the band gap energy. This also indi-
cates that the electronic energy level of ZnO nanopar-
ticles is affected by the presence of graphene in the
material. More photons are easily absorbed, which
improves the photocatalytic efficiency when the band
gap energy is decreased 1419,

The high-performance MB treatment (Figure 13) can
be attributed to the adsorption of the rGO sample
reaching its maximum capacity, proving that rGO is
almost incapable of decomposing the MB pigment.
Therefore, the main role of the rGO component in
the MB treatment is adsorption. When ZnO/rGO
and Fe;03/Zn0O/rGO were used, the MB concentra-
tion decreased to approximately 7 ppm, which cor-
responds to the photocatalytic decomposition of the
MB pigment by the ZnO component. Like methy-
lene blue, rhodamine B was treated with high yields by
ZnO/rGO and Fe; 03/ZnO/rGO (Figure 14), whereas

rGO resulted in lower RhB treatment performance.
These results indicate the role of ZnO in the high pho-
tocatalytic activity of materials.

The photodegradation mechanism of pigments is de-
scribed below.

7ZnO + hv— ecp_ + Ty

H,0 + Typ — OHe + H

O2(ads) +ecp—— 02~

OH_(ads) + +VB — OH(ads)’

OH(ads)' + OHe — HyO»

HyO5 + 02°”— OHe + OH™ + Oy

Dye(adx) + OHe — CO; + H,O

The improvement in the photocatalytic activity of the
ZnO/rGO material can be attributed to the strong
interaction between ZnO and rGO and the holes of
graphene, which can act as good electron acceptors.
When light was applied to the ZnO surface, electrons
were excited from the valence band to the conduction
band, leaving holes in the valence band. The transfer
of these excited electrons from the conduction band
of ZnO to the graphene sheet prolonged the recombi-
nation of electron-hole pairs, thereby promoting the
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separation of the electron—hole pairs of ZnO 18,

The recovery potential of materials after the treatment
of organic pigments is important because it shows the
ability to apply materials on a large scale. Even though
both ZnO/rGO and Fe;03/Zn0O/rGO lead to high
MB and RhB treatments, only the Fe;O3/ZnO/rGO
material can be highly recovered by a magnetic
field, showing its advantages. Only a minor loss in
Fe,03/Zn0O/rGO activity was observed (Figure 16)
after three cycles, confirming the high potential of us-
ing Fe,03/Zn0O/rGO for treating organic pigments in
wastewater.

CONCLUSION

Fe; 03, GO, rGO, ZnO/rGO and Fe;03/Zn0O/rGO
materials were successfully prepared and character-
ized by SEM, FT-IR, and UV-Vis DRS. rGO can
treat up to 55.1% MB and 71.4% RhB by adsorp-
tion, whereas ZnO/rGO and Fe;03/ZnO/rGO can
treat MB and RhB up to 84%-85% after 75 min-
utes and 97%-98% after 6 hours, respectively. The
high conversion of MB and RhB in the presence of
ZnO/rGO and Fe;03/Zn0O/rGO can be explained by
photocatalytic degradation. The photocatalytic activ-
ity of the ZnO/rGO material may be due to the strong
interaction between ZnO and rGO and the holes of
graphene, which can act as good electron acceptors.
The Fe;03/Zn0O/rGO material can be used for treat-
ing RhB MB and RhB with high efficiency and can be
recovered and reused.
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