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Abstract

We have developed magnetite zinc oxide (Fe,0,/ZnO) nanocomposites through the solid-state method, incorporating vary-
ing doses of reduced graphene oxide (rGO) (MZR) and titanium oxide (MZT'). The physical and chemical properties of th-
ese nanocomposites were investigated using XRD, FT-IR, TEM, UV-Vis, DRS, and PL spectroscopy, and their ability to de-
grade methylene blue (MB) in wastewater under visible light irradiation was tested. Our results demonstrated that the nano-
composite absorption is enhanced in the visible range and has a high life duration of e-/h+ at the optimum composite MZR.
The photo degradation efficiency of MZR is about 95% compared to pure ZnO (12%), MZ (85%), and MZT (88%), which is
7.91 times higher than that of ZnO. Reusable studies showed that the generated MZR NC photocatalysts were stable during

MB photodegradation and had useful applications for the remediation of the environment.
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Introduction

Wastewater generated from various industries, in-
cluding paper, leather, and textile manufacturing, can con-
tain a variety of dyes [1]. The production of these dyes pos-
es a significant concern as the majority of them are highly
detrimental to both the environment and human health
[2,3]. Traditional water treatment methods, such as adsorp-
tion, chemical precipitation, and chemical oxidation, have
been employed in the past, but their effectiveness has been
limited. These methods have also resulted in the formation
of secondary pollutants and have potential to cause signifi-
cant health issues [4]. Due to the limitations of convention-
al water treatment methods, the photocatalytic oxidation
process has gained significant importance in the field of
wastewater treatment technology [2,5]. This process results
in the complete decomposition of organic pollutants into
water and carbon dioxide [6]. The charge carriers produced
by photosynthesis in crystalline semiconductors have the po-
tential to generate highly reactive chemical compounds
such as the hydroxyl radical, which can rapidly and non-se-
lectively degrade a wide range of organic pollutants [7,8].
Therefore, further research is necessary to optimize the pho-
tocatalytic oxidation process and improve its efficiency for
practical application. Improving photocatalytic efficiency
can be achieved through various approaches, such as dop-

ing different metals, e.g., Aluminium (AL) or Silver (Ag)
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[9-11], modifying the morphology, and combining with
other metal oxides to form composites. The utilization of
several semiconductors, including hexaferrites materials,
MOFs [12,13], SnO,, WO,, TiO,, CeO,, and ZnO, has been
widely explored for heterogeneous photocatalysis [14]. Th-
ese semiconductors generally possess a wide-band-gap, ne-
cessitating the use of ultraviolet light for activation [15,16].
As a result of their promising photocatalytic properties, cur-
rent research has centered on the development of exception-
al semiconductor photocatalysts, such as zinc oxide (ZnO),
tungsten oxide (WQO,), and titanium dioxide (TiO,) for wa-
ter splitting and degradation of organic pollutants [17,18].
ZnO is a crystalline photocatalyst that is commonly used in
wastewater treatment processes due to its availability, non--
toxicity, acceptable energy band regions, and excellent exci-
tonic stability [19-22]. However, despite its advantages,
ZnO also has several limitations, including a band gap that
is too large, approximately 3.37 eV, which renders it inca-
pable of visible-light photocatalytic activity, and its poor
photocatalytic properties and rapid recombination of hole--
electron pairs, which can result in photo-corrosion caused
by the decomposition of ZnO into Zn*"ions in aqueous solu-
tions under UV irradiation [13-20]. Several research studies
have attempted to enhance the properties of ZnO by ad-
dressing various limitations such as technology inadequa-
cies, the use of carbon-based materials, doping, and the in-

corporation of support materials like TiO, and reduced
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graphene oxide (rGO) [23-29]. TiO, offers superior photoca-
talytic activity and has a range of applications, including
waste water degradation, solar cells, and self-cleaning. TiO,
exhibits high photoreactivity, excellent photochemical stabil-
ity, non-toxicity, and environmentally friendly properties
[30,31]. Reduced graphene oxide serves as an important sup-
port for ensuring a uniform distribution of ZnO without ag-
gregation. These approaches improve ZnO photocatalytic
performance by reducing the band gap absorption in the vis-
ible region, leading to excellent visible-light photocatalytic
efficiency, reducing e-/h+ recombination, and suppressing
ZnO photocorrosion. However, rGO/TiO,/ZnO nanocom-
posites face recycling challenges. Current research is focus-
ing on recycling nanocomposite photocatalysts with magnet-
ic nanoparticles, such as Fe,O,, to overcome these difficul-
ties and enhance performance [32-37]. In the domain of
nanoparticle synthesis, the choice of magnetically-charged
particles is often motivated by a desire to enhance the dura-
bility of the catalyst and prevent aggregation. A broad sur-
face area is likewise desirable for optimal performance [37].
This investigative study presents the synthesis of crystalline
magnetite ZnO photo catalysts with varying levels of
graphene oxide and titania doping, employing a straightfor-
ward method. Our primary objective is to improve the pho-
tocatalytic efficiency of the synthesized material, with the ul-
timate aim of effectively eliminating dye pollution from wa-
ter upon exposure to visible light without generating any ad-
ditional pollutants. The structural, morphological, and opti-
cal properties of the resulting hybrids have been evaluated

to evaluate their photocatalytic potential.

Materials and Methods

Materials

We acquired the following chemicals from Sig-
ma-Aldrich with a purity of 99.5%: zinc zinc nitrate hexahy-
drate (Zn(NO,),.6H,0), iron chloride hexahydrate
(FeCl,.6H,0), ferrous sulphate heptahydrate
(FeSO,.7H,0),titanium isopropoxide (TIP), TIOCH(CH3),,
graphite fine powder and potassium permanganate (KM-
n04). We purchased absolute ethanol (99.8%), hydrogen
peroxide (H,0,) (30%), sulfuric acid (H,SO,) (95%), sodium
nitrate (NaNO,) (99%), sodium hydroxide (NaOH) (98%),
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and methylene blue (MB) from the Honeywell company.
No further purification was carried out on any of the

purchased chemicals.

Under visible light irradiation, the photocatalytic
activity of the MZT and MZR NCs was investigated for the
degradation of MB, a model organic pollutant, in a formal
experimental setup. The tests were carried out at room tem-
perature (RT) with visible light irradiation provided by a
halogen lamp (500 W). The emission spectrum of a halogen
lamp ranges from 420 to 600 nm [38]. The light source was
positioned 10 cm away from the cell, and a 50 mL MB solu-
tion with an initial concentration of 100 ppm was placed in
a beaker. 0.1 g of each catalyst was added to the solution,
and the mixture was continuously agitated in the dark for
30 min until adsorption/desorption equilibrium was
achieved between the MB molecule and the catalyst
molecule. The study was conducted for 90 min with continu-
ous stirring under visible light irradiation, and the amount
of MB dye degradation was measured using a UV-visible

spectrophotometer (UV-1800, Shimadzu, Kyoto, Japan).

Characterization

The phase structure of the investigated samples
was characterized using XRD (X-ray diffraction) with a dif-
fractometer (Panalytical XPERT PRO MPD). CuKa radia-
tion (\= 1.5418 A) was used at a rate of 40 kV and 40mA
.The functional groups were detected using a Fourier trans-
form infrared spectrometer (FT-IR) model spectrum one
(Perkin Elmer, Waltham, MA, USA) with a wave number
range of 400 cm™-4000 cm . The structure and morphology
of the nanocomposites were observed using JEOL JEM 2100
(JEOL, Tokyo, Japan) high-resolution transmission electron
microscopy (HRTEM) at a voltage of 200 kV. A UV-Vis
spectrometer (Perkin Elmer Lambda 1050, Waltham, MA,
USA) was used to measure optical reflectance. The photolu-
minescence spectra were obtained using a Cary Eclipse fluo-
rescence spectrophotometer (Agilent Technologies, Santa
Clara, CA, USA).

Nanoparticle Synthesis
Synthesis of Crystalline ZnO Nanoparticles (Z)

The ZnO nanoparticles (ZnO NPs) were synthe-
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sized through the precipitation method [39], using an appro-
priate amount of Zn(NO3)2¢6H20 and 25 ml of distilled
water, which was stirred at 100°C for 30 min. The pH was
adjusted to 12 by adding 1M NaOH and stirring for 1 h, re-
sulting in the formation of a white precipitate. This precipi-
tate was collected via centrifugation at 4000 rpm, and
washed multiple times with deionized water and ethanol.
The resulting product was then dried in an electric oven at
60°C for 6 h and air calcined at 600°C for 2 hrs.

Synthesis of Crystalline Magnetic Fe,0, Nanoparti-
cles (M)

The co-precipitation process was utilized to synthe-
size Fe304 nanoparticles. Similar to our previous study,
[40] a 1:2 M ratio of ferrous and ferric salts was employed
in the presence of N, gas. The accompanying chemical reac-

tion is as follows:
2Fe’ + Fe’' + 80H > Fe,0, + 4H,0 (1)

Synthesis of Crystalline Fe,0,/ZnO Nanocomposites
(MZ)

The co-precipitation approach was employed to
synthesize Fe,0,/ZnO NCs. A specified ratio of iron nitrate
and zinc nitrate was dissolved in 5L of deionized water (D-
W). The solution was stirred vigorously while 10 ml of

NaOH was added. The resulting suspension was heated to

Grinding
e

r’

Calcinationat 600°C

4

80 °C for 2 hrs, allowed to cool at room temperature, and
then magnetically separated to obtain the MZ NCs. The
NCs were washed several times with a mixture of DW and

ethanol and dried in an electric oven at 90 °C for 24 hours.
Synthesis of Graphene Oxide (GO)

The synthesis of GO utilized a modified version of
Hummer's approach, which involved the combination of 1
g of graphite and 0.5 g of NaNO, with 23 mL of H,SO, and
agitation for 15 min. The graphite was then oxidized into
GO through the gradual addition of 5 g of potassium per-
manganate (KMnO,). The mixture was stirred for two
hours and then heated to 98°C for 30 min. To stop the oxida-
tion reaction and remove intermediates and remaining oxi-
dants, the solution was treated with 60 mL of H,0,, result-
ing in a color change to brown-yellow. The resulting GO
was washed three times with distilled water and dried at

60°C for 12 h [40,41].

Synthesis of Crystalline Fe,0,/ZnO/ rGO Nanocom-
posites (MZR)

A Fe,0,/Zn0O/ rGO nanocomposite (MZR) was
synthesized by a solid-state method as reported in Scheme
1. The appropriate ratio of MZ composite and rGO and
then milled together, and calcined at 600°C for 4 hrs at muf-
fle furnace [41,42].

>

for 4 hrs

(MZR)

muffle furnace

Scheme 1: Schematic Synthesis of Fe,0,/ZnO/ rGO nanocomposites (MZR)
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Synthesis of TiO, Nanoparticles

The sol-gel process was employed to prepare TiO,
nanoparticles. In a typical procedure, 600 mL of isopro-
panol was mixed with 100 mL of titanium isopropoxide and
stirred for 20 min. Then, 1 L of distilled water was added to
the solution and gently stirred for 4 hours. Finally, the gel

was dried at 80°C for 48 hours and annealed in a tube fur-

N

TiO, NPs

MZ NCs

el

300rpm for 30 min.

nace at 400°C for 4 hours.

Preparation of hybrid Fe,0,/ ZnO /TiO, nanocom-
posites (MZT)

MZT nanocomposites were fabricated by incorpo-
rating TiO, NPs into the MZ NCs in ethyl alcohol. The mix-
ture was sonicated for approximately 30 minutes and dried

in a vacuum oven at 65 °C for 4 hrs as shown in Scheme 2.

at 65 °C for 4 hrs

MZT NCs

Scheme 2: Schematic Synthesis of Fe,0,/ ZnO /TiO, nanocomposites (MZT)

Results and Discussion

The crystalline phase of M, Z, MZ, MZT, and
MZR was detected by X-ray diffraction (XRD), as depicted
in Figure 1. The XRD pattern of ZnO exhibits the hexagonal
wurtzite structure, with the planes (100), (002), (101), (102),
(110), (103), (200), (112) and (201) corresponding to 26 =
31.7, 34.4, 36.2, 47.5, 56.5, 62.8, 66.3, 67.9 and 69. 69.0°, re-
spectively [43]. The pattern of magnetite Fe,O, phase
(JCPDS Card no. 01- 089-1397) with diffraction peaks at
30.00, 35.50, 43.14, 53.44, 57.40, and 62.58° corresponding
to Miller indices (220), (311), (400), (422), (511), and (440),
respectively [44], indicates the presence of cubic spinal struc-

tured magnetite. As shown in the curve of Fe;0,/Zn0O
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(MZ), both the magnetite and zinc oxide peaks were detect-
ed. In the XRD pattern of MZR (Fe,0,/ZnO @RGO), the
peaks of both magnetite and zinc oxide were exposed, and a
small peak belonging to reduced graphene oxide was detect-
ed at 20 ~ 24.11°, which was identical to the d spacing of
~0.369 nm [42]. The patterns of MZT indicate the presence
of TiO, (anatase phase) and ZnFe,O, (spinel phase). The dif-
fraction pattern of anatase presented at 28 values: 25.38,
37.82, 48.07, 53.94, 55.05, 62.74, 70.34, 75.16, and 82.33°
which are matched with TiO, (JCPDS CARD 04-0477) crys-
tal face of (101), (004), (200), (105), (211), (204), (220),
(215), and (303), respectively. In addition, a tiny peak was
observed at 35.3° which is characteristic of (311) plane of
ZnFe,0, NP.
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Figure 1: XRD spectra of Z, M, MZ, MZR and MZT nanocomposites

Figure 2 displays the FT-IR spectra of Z, M, MZ,
MZR, and MZT NCs prior to MB degradation, which were
recorded in the 400-4000 cm™' region. The characteristic
ZnO band is observed at 449 cm™. The weak band at 1637.8
cm-' is attributed to the H-O-H bending vibration due to
water absorption on the surface of nanoparticles. The
stretching vibration mode of hydroxyl groups (OH) corre-
sponds to the broad peak centered at 3400 cm [45]. Addi-
tionally, the band at 568 cm' is assigned to the Fe-O bond
vibration mode [46,47]. The FT-IR spectra of MZ nanocom-
posite are identical to those of ZnO nanocrystals hybridized

with Fe;0,. [48] The FT-IR spectrum of the MZR NCs re-

veals bands at 440 and 544 cm™' assigned to Zn-O and Fe-O
bonds respectively, which are attributed to the creation of
ZnO and Fe,O, [36]. The large bands at 3440 and 1640
cm-1 are attributed to the bending and stretching modes of
hydroxyl group of the H,O. Furthermore, the band at 1460
cm-1 corresponds to M-O-G vibration [44], where M is Fe
or Zn, indicating successful synthesis of Fe,O,, ZnO and
rGO [49]. The FT-IR spectrum of MZT NCs, which reflects
the existence of TiO,, has a broad band at 420 cm™', which is
attributed to the stretching mode of Ti-O-Ti, associated
with octahedral coordinated titanium and ZnFe,O,. The

wide band at 400 cm™ is assigned to (Zn-O).

MZT
—
MZR m
s MZ T e
i Y Y
P RGO
g
= GO
£
E M
I S
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Figure 2: FT-IR spectra of Z, M, MZ, MZR, and MZT nanocomposites

In addition, a transmission electron microscope
image revealed the morphology of the synthesized nanocom-

posites. TEM images of the Z, M, MZ, MZR, and MZT
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nanocomposites are presented in Figure 4 (a-e), respective-
ly. As shown in Figure 4 (a), the ZnO nanocomposite ex-

hibits homogeneous nanocrystalline particles with spherical
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shapes and slight agglomeration [50]. The TEM image of
the Fe,O, nanoparticles in Figure 4 (b) displays a cubic mor-
phology [45,46]. The TEM image of the MZ composites in
Figure 4 (c) shows the presence of both cubic and spherical
morphologies, with average diameters of 15 nm and 20 nm
for Fe,O, and ZnO, respectively. The nanocomposite struc-
ture is uniform and free of accumulation. The TEM image
of the MZR nanocomposite in Figure 4 (d) reveals the pres-

ence of a two-dimensional structure of RGO nanoparticles

with Fe,0,/Zn0O nanoparticles that are well-dispersed on
the graphene sheet [51,52]. The TEM image of the MZT
nanocomposite in Figure 4 (e) displays similar morpholo-
gies, including well-dispersed particles. The formation of
multigrain agglomerations consisting of fine crystallites
with irregular shapes and sizes due to their magnetic proper-
ties has been demonstrated inTiO, NPs as spherical shapes
and Fe,0,/ZnO NPs as spherical shapes. Therefore, the pre-
vious analysis confirms the successful synthesis of MZR and
MZT.

Figure 4: TEM images of Z (a), M (b), MZ (c), MZR (d) and MZT(e)

The analysis of the diffuse reflectance spectra ob-
tained from prepared samples was conducted using UV-Vis
optical spectroscopy at wavelengths ranging from 200 to
800 nm. The optical band gap of the samples was calculated

utilizing the following equation:
Ohv = A(hv-Eg)"* (2)

where L is the light frequency, a is the absorption
coefficient, and n is the constant of proportionality. It
should be noted that n = 1 for the direct transition in the
prepared nanocomposite. Figure 5 displays the DRS spectra
of the synthesized Z, M, MZ, MZT, and MZR NCs. The
pure ZnO NP has aband gap energy of 3.20 eV. However,

the presence of magnetite particles in the MZ NC resulted
in a redshift of the band gap energy, as reported in Table 1.
This conjugation of the two band gaps leads to increased sta-
bility for the e-/h+ pairs. The DRS spectrum of the MZT
NC exhibits a slight blue shift when compared to the MZ
NG, and a new, lower energy level of Eg is observed at ap-
proximately 1.9 eV. The MZR spectrum displayed a signifi-
cant red shift in the presence of rGO, which was attributed
to the formation of M-O-C bonds through Fe or Zn bond-
ing with graphene, as confirmed by the FT-IR results [42].
The MZR spectrum also exhibited the lowest intensity of re-
flectance spectra, likely due to the higher absorption of light
compared to the other samples, including Z, M, MZ, and

JScholar Publishers

] Mater sci Appl 2023 | Vol 7: 105



MZT.

Table 1: The band gap energy (Eg) values and kinetic parameters for photocatalytic activities of Z, MZ, MZT, and MZR NCs

Sample name E, (eV) K (minl)
MB -- 4*10"
Z 3.20 0.0014
MZ 2.07 0.0112
MZT 1.90 0.02317
MZR 1.89 0.0359
z
= MZ
o
o
c
T
L
o
= MZT
x
MZR
7 7 7 ¥ ; T 7 T T T 7
200 300 400 500 600 700 800
A(nm)

Figure 5: UV-Vis diffuse reflectance spectra of Z, MZ, MZT and MZR NCs

The analysis of the room temperature photolumi-
nescence (PL) spectra was conducted to investigate the be-
havior of electron hole pairs on trapping, migration, and
transfer properties. The PL spectra of Z, MZ, MZT, and
MZR nanocomposites were displayed in Figure 6. The PL
spectrum of pure ZnO exhibited a prominent emission
band at 381 nm, along with additional peaks at 406 nm, 420
nm, and 445 nm that resulted from deep level emission
(DLE) [53]. In the MZ spectrum, the PL intensity was signif-
icantly suppressed after incorporation of Fe,O, with ZnO,
indicating reduced recombination between photo-electrons

and holes. Conversely, the emission band at 385 nm in the
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MZT spectrum was the result of excited electrons and holes
recombination, with a decline in fluorescence intensity that
clarifies the reduction in the recombination rate of holes
and electrons with a high charge separation time. Moreover,
the presence of Fe,O,and rGO with ZnO as a triple nano-
composite exerted a synergistic effect, resulting in drastic
quenching of PL intensity and an increase in the lifetime of
electron stability in MZR NCs. The MZR NCs demonstrat-
ed superior photocatalytic activity compared to the other
nanocomposites, suggesting that the presence of rGO en-
hanced the separation of charges and reduced the recombi-
nation rate of holes and electrons, leading to improved pho-

tocatalytic performance.
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Figure 6: Photoluminescence spectra of Z, MZ, MZT and MZR NCs

The photocatalytic efficiencies of the Z, MZ, MZT,
and MZR NCs were evaluated for methylene blue (MB) un-
der visible light irradiation with a wavelength greater than
400 nm. As shown in Figure 7(a), all the prepared nanocom-
posites displayed significant degradation of MB concentra-
tion. MB was selected as a model organic pollutant, and the
MZR NCs exhibited the highest degradation activity of ap-
proximately 95%, compared to the MZ, Z, MZT, and MZR
NCs, which had photocatalytic activities of approximately
88%, 85%, and 90%, respectively. It was observed that the ac-
tivity of crystalline nanocomposites depended on the
amount of reduced graphene oxide (rGO) present. The high-
er efficiency in transportation of the photogenerated charge
carriers in the MZR NCs was attributed to the aggregation
of rGO layers [54,55], which was confirmed by transmission
electron microscopy (TEM) and ultraviolet-visible diffuse
reflectance (UV-DR) spectroscopy. These findings suggest
that the incorporation of rGO into MZ NCs can significant-
ly enhance their photocatalytic activity under visible light ir-

radiation.

The kinetic parameters of the photodegradation of
MB by the crystalline nanocomposites were analyzed using
the Langmuir-Hinshelwood (L-H) first-order kinetics mod-
el. The L-H kinetics model describes the rate of reaction as a
function of the concentration of the reactants, with the equa-

tion typically expressed as follows:
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R=dC/dt=kKC/ (1+KC) (3)

Where R is the rate of reaction, dC / dt is the rate
of change of the concentration of the reactants, k is the reac-
tion rate constant, and K is the MB adsorption coefficient.
The kinetic model for the degradation of MB using the pre-
pared crystalline nanocomposites follows a pseudo--
first-order pattern, with the MB concentration (C), degrada-
tion rate (r), irradiation time (t), reaction rate constant (k),
and MB adsorption coefficient (K) all being important pa-
rameters. The relationship between In(C0/C) and t, where
C, is the initial MB concentration and C is the final MB con-
centration, represents the kinetics of the reaction, repre-

sents the kinetics of the reaction as following equation:
Ln (C/C)=kKT =k,t

The values of k,, the constant rate (min™'), Cq, the
initial concentration (mg L"), and C the MB concentration
at time t, were obtained from the linear relation between In
(C0/C) and time as presented in Figure 7(b). The values of
ka for each sample were provided in the following increas-
ing order: MZR (0.0359 min-1) > MZT (0.02317 min-1) >
MZ (0.0112 min-1) > Z (0.0014 min-1) > MB (1.4*10-8
min-1). This indicates that MZR has the highest activity. Ad-
ditionally, MZR recorded the highest photocatalytic activity
with illumination by visible light when compared to previ-

ous studies, as shown in Table 2.

J Mater sci Appl 2023 | Vol 7: 105
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Figure 7(a): Photodegradation and (b) Kinetic of MB by Z, MZ, MZT and MZR nanocomposites for 100 ppm MB under visible light

Table 2: Photocatalytic degradation of MB under Visible Light with Various Photocatalysts

Photocatalyst Weight of catalyst (g/L) Concentration of MB (ppm) Time(h) | Degradation (%) Ref.
ZnS-TiO,/RGO 0.4 20 2 90 [56]
WO,/GO 0.5 3 1.2 82 [57]
Pt/WO,/GO 0.5 3 1.2 94 [57]
Fe,0, /CAWO, +H,0, 0.1 20 2 32 (58]
Fe,0, /CdWO, /PrVO, + H,0, 0.1 20 2 68 (58]
Fe,0,/ZnWO,/CeVO, +H,0, 0.6 25 2 84 (59]
Pt/ZnO-MWCNT 0.4 100 1 74 [60]
MZG3 2 100 1.5 95 Our work

The stability and reusability of the MZR crystalline
nanocomposite in organic pollutant degradation under visi-
ble light have been consistently demonstrated through sever-
al tests, as depicted in Figure 8. The external magnet separa-

tion of the MZR crystalline nanocomposite allowed for
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retesting without the creation of additional pollutants. Addi-
tionally, the functional groups within the MZR crystalline
nanocomposite remained stable both before and after us-
age, as confirmed by the Fourier Transform Infrared Spec-

troscopy (FTIR) results in Figure 9. As a result, the MZR

J Mater sci Appl 2023 | Vol 7: 105
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crystalline nanocomposite exhibits perfect reusability with high recovery and without any secondary pollutants.

100 -

80 =

60 -

40 o

Rejection (%)

20 =

1 2 3 4 5

cycles

Figure 8: The MZR photocatalytic activity for degradation of organic pollutant remained stable (about 95%) throughout five consecutive cy-
cles

WR—After w\\

WBeforeW\r\

4000 3500 3000 2500 2000 1500 1000 500
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Figure 9: FT-IR spectra of MZR nanocomposites before and after of photocatalytic activity
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Photocatalysis Mechanism for Degradation of Or-
ganic Pollutant by MZR Crystalline Nanocom-

posites

The mechanism of photocatalysis degradation
based on the characterization results of MZR crystalline
nanocomposites was presented in this section and is depen-
dent on the results from previous studies. The presence of
Fe,O, enhances the light absorption of the catalyst, making
it active in the visible region due to its small band gap ener-
gy. Furthermore, the junction between ZnO and Fe,O, im-
proves the stability of the electron/hole pairs. Additionally,
the role of rGO is to capture electrons from the conduction
bands of ZnO and Fe,O,, increasing the lifetime of the elec-
trons and thereby enhancing the photocatalytic activity.
This was recorded in the current study, and the mechanism
of MZR was irradiated under visible light. The results were
summarized using equations (Eq.5 to 12) and illustrated in
a schematic graph (Figure 11). The MZR photo catalyst can
be excited by visible light irradiation to generate electron--
hole pairs (eq. 5). The electrons in the conduction band of
Fe,O, and ZnO are transferred to the surface of reduced

graphene oxide, where rGO acts as an electron acceptor and

Light

H.0+"0H

12

increases the formation of oxide radicals (eq. 6) through a
reduction process at the conduction band. These oxide radi-
cals play a crucial role in the degradation of organic pollu-
tants and the formation of hydroxyl radicals (eq. 7). The
holes in the valence band of ZnO react with water
molecules to form hydroxyl radicals (eqs 8-11). Finally, the
organic pollutants are degraded by hydroxyl radicals to con-
vert into environmentally friendly molecules, such as CO,
and H,O (eq. 12).

MZR+h->h"+¢e (5)

MZR + O, > O,.- (6)

0,  + 2H,0 > 40H (7)
H'+H,0->OH + H' (8)

H,0 + H O,"»> H,0, + OH (9)
H,0,+e > OH + OH (10)

h"+ OH » OH (11)
OH + organic pollutant > degradation to CO, +
H,0 (12)

4 CO;+H0

MB

Figure 10: Schematic diagram of MB photodegradation by MZR crystalline nanocomposite under visible light

Conclusion
In this study, the Fe,0,/ZnO/rGO (MZR) and

JScholar Publishers

Fe,0,/Zn0O/TiO, (MZT) nanocomposites were successfully
synthesized via a solid-state process. The photocatalytic per-

formance of MZR was investigated by degrading MB in

J Mater sci Appl 2023 | Vol 7: 105



aqueous solution under visible light irradiation. The results
showed that MZR exhibited a high photocatalytic activity of
approximately 95%, which was higher than that of ZnO
(about 12%), MZ (about 85%), and MZT (about 88%). Addi-
tionally, MZR remained stable even after multiple uses,
which was attributed to the high absorption of visible light
in the presence of graphene layers and the enhancement of
charge carrier stability by rGO. The XRD, FT-IR, and TEM
measurements were employed to understand the structural
phase of the prepared nanocomposites. The photocatalytic
experimental results indicated that the reduction of the re-
combination efficiency of electron-hole pairs and the en-
hancement of visible-light-responsive photocatalytic activi-
ty of MZR nanocomposites were the main reasons for its su-
perior photocatalytic activity, with the lowest PL intensity
of MZR nanocomposite exhibiting the best photocatalytic
activity. The photo degradation efficiency of MZR was
about 7.91 times higher than that of pure ZnO, indicating
enhanced photo-induced electron and hole separation.

Moreover, MZR could be easily separated from the reaction

JScholar Publishers
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mixture without any secondary pollutants by an external
magnetic field after the photodegradation process, making
it a promising photocatalyst for reducing toxic organic pol-

lutants in wastewater.
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