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Synthesis and excellent visible light photocatalysis
performance of magnetic reduced graphene oxide/

ZnO/ZnFe,O4 composites
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* Zhu Yan, Ronggi Liu, Jianguang Xu and Xu Wang

A novel magnetic RGO/ZnO/ZnFe,O, composite was synthesized by a two step method. The phase
formation, structure, morphology and chemical states were characterized by XRD, FESEM, TEM, FT-IR,
Raman and XPS. The results showed that the composite consisted of a core—shell structure of ZnO/
ZnFe,O,4 coated with nearly transparent flake-like RGO. The photocatalytic effect of the composite was
obviously better than that of single ZnO and ZnO/ZnFe,O4. The optimal sample was RGO/ZnO/
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ZnFe,04-3 (the weight ratio of graphene to ZnO/ZnFe,O, was 3%) which exhibited the best

photocatalytic efficiency of 98.64% after 60 min under visible light irradiation for decolorization of MB.

DOI: 10.1039/c7ra02083j
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1. Introduction

With the rapid development of industry, more and more
industrial wastewater containing toxic organics is let out
without any purification treatment, which has resulted in great
harm to the health of human beings." Semiconductor photo-
catalytic materials such as ZnO have attracted lots of attention
because of their cheap price, easy preparation methods, high
chemical stability and excellent photocatalytic performance
under UV-light.>® However, the development of single ZnO is
limited by its narrow light response range, wide band gap (3.2
eV) and difficult recycling.* To overcome these weaknesses,
many researchers have focused on preparing composites
containing ZnO and another magnetic semiconductor. Shao
et al.® have prepared magnetic recyclable ZnFe,0,/ZnO with
a core-shell structure by a solvothermal method and alkali
precipitation method. The result indicates that the photo-
catalytic activity of photocatalyst composite is higher than
single ZnO. Wang et al® reported magnetic ZnFe,0,/ZnO
(ZFO/ZnO) multi-porous nanotubes, when the molar ratio of
ZnFe,0, was 50%, it exhibited the best photocatalytic effi-
ciency of 99% after 150 min under the solar irradiation for the
decolorization of RhB. Xie et al.” have provided a reliable
method to synthesis Sr-doped TiO,/magnetic Nij ¢Zn, 4Fe,0,
composites which not only has a high efficiency (90-100%)
and a good cycling performance (90% maintenance) for pho-
todegradation of bisphenol A (BPA) under both UV and visible
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The reusability of RGO/ZnO/ZnFe,04-3 was excellent because of the magnetic ZnFe,O,4 which can be
recycled using a magnet or constant magnetic field.

light irradiation, but also can be easily separated from water
for reuse only by introducing an external magnetic field.

As we all known, the large bandgap of ZnO (~3.2 eV) only
allows it absorbing UV light for the required band gap excitation
and charge carrier generation, limiting its light harvesting
efficiency, since UV light only contributes ~4% of the solar
energy.® To address this problem, combining ZnO with
advanced carbon materials will be efficient solution.” Graphene
has fascinating properties, such as a large surface area, good
mechanical flexibility, high chemical stability, and unique
electronic properties.” Graphene is considered an ideal
substrate to form graphene-based nanocomposites by
anchoring nanoparticles on the layer surface, which make the
resulting nanocomposite an efficient photocatalyst, because of
the enhanced adsorption on the catalyst, non-aggregation of
nanoparticles, an extended light-absorption range, and
a significantly less recombination of photogenerated electron—
hole pairs."* Zhang et al.*> have synthesised the ZnO nanorod/
graphene composite by a hydrothermal method. They found
that the composite has good photocatalytic performance
resulting from high surface areas and electron transfer ability of
graphene which hinders the quick combination of photo-
generated electron-hole. Fu et al.*® synthesized ZnFe,0,/RGO
for the removal of methylene blue in the presence of H,0,
under visible-light irradiation.

Inspired of above truth, the ZnO/ZnFe,O, nanocomposite
was prepared by hydrothermal method and then deposited on
the surface of graphene to obtain the RGO/ZnO/ZnFe,0,
composite. The structures and morphologies were investigated.
The possible mechanism of photocatalysis was also further
discussed.

This journal is © The Royal Society of Chemistry 2017
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2. Experimental

2.1. Synthesis of ZnFe,0,

ZnFe,0, was prepared by a hydrothermal method. (CH;-
CO0),Zn and FeCl; (Analytical Reagent) were dissolved in
distilled water in stoichiometric proportion along with
moderate hydrazine hydrate solution. The mixture was
magnetically stirred for 30 min and transferred to a Teflon-lined
stainless steel autoclave and heated at 180 °C for 12 h. The
product was washed by distilled water and ethanol several times
and dried at 60 °C in a vacuum oven.

2.2. Synthesis of ZnO/ZnFe,0, composite

A certain amount of ZnFe,0, and (CH;COO),Zn were dissolved
in 30 mL ethanol and ultra-sonicated for 1 h to obtain fine
dispersion. The 30 mL ethanol solution containing moderate
NaOH (the molar ratio of NaOH and (CH3COO),Zn was 2 : 1)
was added into the dispersion drop by drop and stirred for 1 h.
The mixture was transferred to a Teflon-lined stainless steel
autoclave and heated at 90 °C for 10 h. The product was washed
by distilled water, ethanol several times and was dried at 60 °C
in a vacuum oven. The obtained ZnO/ZnFe,0, composite was
marked as Z/ZF.

2.3. Synthesis of reduce graphene oxide/ZnO/ZnFe,0,
composite

The preparation of reduced graphene oxide/ZnO/ZnFe,0,
composite was based on a facile one-pot method. Typically,
a certain amount graphite oxide powder was dispersed 100 mL
deionized water and ultra-sonicated for 2 h to produce GO
solution. (The graphite oxide was synthesized by modified
Hummers method.**) Then 0.4 g ZnO/ZnFe,0, was added into
the GO solution and stirred for 3 h. After that, moderate
hydrazine hydrate was added to the mixture with constant
stirring at 95 °C for 12 h. The resulting precipitate was filtrated,
washed with distilled water and ethanol repeatedly and dried
under vacuum at 60 °C for about 12 h. The samples with
different weight ratios of 1, 3, and 5% of graphene and ZnO/
ZnFe,0, were denoted as RGO/Z/ZF-1, RGO/Z/ZF-3, RGO/Z/ZF-5,
respectively.

2.4. Characterization

The resulting powder was characterized by X-ray diffraction
(XRD) using a diffractometer (RIGAKU, model D/max) with
CuK, radiation of wavelength A = 0.1540598 nm. Fourier
transform infrared spectra (FT-IR) were carried out using the
infrared spectrophotometer (NICOLET, model NEXUS-670) in
the range from 4000 to 400 cm™ ' with a resolution of 1 ecm ™.
Raman spectra were measured using a Laser Raman spectro-
scope (Thermo Fisher, model DXR) at a 633 nm wavelength
incident laser light. The morphologies were studied with a field
emission scanning electron microscope (JEOL, model JSM-
7001F) and a transmission electron microscope (JEOL, model
JEM-2001). The chemical states were investigated by X-ray
photoelectron spectroscopy (XPS, model ESCALAB-250Xi). BET
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surface areas were calculated from N, adsorption data that were
obtained using specific surface area analyzer (Quantachrome,
model Autosorb-1) at liquid N, temperature. Before the
measurement, the sample was degassed for 12 h at 150 °C.
Magnetization measurements were taken at room temperature
(293 K) using a vibrating sample magnetometer (LDJ, model
9600-1).

2.5. Photocatalytic testing

Photocatalytic activities of the obtained photocatalysts were
evaluated by the degradation of MB in aqueous solution. A
500 W Xenon lamp with suitable cutoff filters (1 > 420 nm) was
employed as the light source. For each photocatalytic testing,
50 mg photocatalyst was dispersed into 100 mL of MB aqueous
solution with the concentration of 10 mg L™" with or without
0.5 M CH3;OH as the hole scavenger. The suspension solution
was magnetically stirred in the dark for 30 min to reach the
absorption-desorption equilibrium. Then the suspension
solution was irradiated by Xenon lamp with continuous stirring.
At the given intervals, 5 mL of the aliquots was sampled and
analyzed by recording variations in the absorption band (664
nm) in the UV-vis spectra (UV23001I) of MB.

3. Results and discussion

3.1. Structure and morphology analysis

The XRD patterns of the samples are presented in Fig. 1. It is
clear that the peak at 26 = 10.96° is attributed to (002) plane of
GO (Fig. 1a) and there is no peak of natural graphite at 26 =
26.51°, which indicates the GO is synthesized.*® The interplanar
spacing of GO can be calculated by Bragg equation: 2d sin § =
nA, where d is the interplanar spacing, A is X-ray wavelength and
6 is the diffraction angle. The interplanar spacing of GO (d =
0.85 nm) is obviously bigger than that of natural graphite (d =
0.334 nm), which indicates the intercalation of water molecules
and generation of oxygenated functional groups such as epoxy
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Fig. 1 XRD patterns of (a) GO, (b) RGO, (c) Z/ZF composite and (d)
RGO/Z/ZF-1 composite.
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and hydroxyl group between the inter-galleries of the graphite
sheets during high oxidation.'® A broad peak at 26 = 24.60° is
observed and the peak of GO is vanished in Fig. 1b, which
suggests the GO is reduced mostly by hydrazine hydrate and
RGO is prepared successfully. As shown in Fig. 1c, the peaks at
20 = 31.65°, 34.29°, 36.10°, 47.35°, 56.40°, 62.65°, 67.70° and
68.81° are corresponding to the (100), (002), (101), (102), (110),
(103), (112), (201) and (202) lattice plane of ZnO. Meanwhile, the
peaks at 260 = 30.04°, 35.28°, 42.96° and 56.34° are corre-
sponding to the (220), (311), (400) and (511) lattice plane of
ZnFe,0,. Based on this, we can confirm that the Z/ZF composite
is synthesized successfully by hydrothermal method. In Fig. 1d,
characteristic peaks of Z/ZF can be seen, which indicates the
existence of Z/ZF in RGO/Z/ZF-1. However, the peaks of RGO do
not appear in the pattern. It may be attributed to the low
contents of RGO in the ternary composite. So, some other
characterization methods were utilized to confirm the existence
of RGO in RGO/Z/ZF-1 composite.

The morphology and structure of the obtained samples were
investigated by FESEM and TEM. Fig. 2a shows the represen-
tative SEM image of these ZnFe,O,, which suggests that
samples contained uniform nanospheres with an average grain
size of 400 nm. As shown in Fig. 2b and c, the Z/ZF displays
spherical with uniform size and smooth surface. The trans-
parent sheets with plenty of wrinkles are R-GO and the Z/ZF is

Ca

=i s

Fig. 2 SEM image of (a) Z/ZF composite, FESEM images of (b) Z/ZF
composite and (c) RGO/Z/ZF-1 composite, TEM images of (d) Z/ZF
composite and (e) RGO/Z/ZF-1 composite.
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covered by these flake-like R-GO sheets. More detailed struc-
tures of samples are given in TEM images. From Fig. 2d, we can
observe that the Z/ZF has clear core-shell structure. The
ZnFe,0, was coated by ZnO with a thickness of 20 nm.
According to the TEM image in Fig. 2e, the RGO/Z/ZF-1
composite can be seen more clearly, the tint parts were RGO
and the dark parts were Z/ZF. Spherical core-shell Z/ZF particles
were covered by transparent RGO sheets. Hence, results of
FESEM and TEM confirm the existence of RGO and Z/ZF in the
ternary composite, which agrees with the XRD analysis.

Fig. 3 shows the FT-IR spectra of the samples. The peaks of
GO that appearing at 1730, 1611, 1420, 1225 and 1045 cm ™" are
assigned to C=0 stretching vibration of carbonyl and carbonyl
groups, conjugate C=C skeletal stretching vibration of unoxi-
dized graphite domains or the remaining sp” carbon character
of graphite, O-H stretching vibration of carbonyl, C-O stretch-
ing vibration of epoxide and C-O stretching vibration from
alkoxy groups, respectively.'”* For RGO, the absence of most
bands related to the above oxygen-containing functional groups
demonstrates that the GO was reduced mostly by hydrazine
hydrate. The peak at 1580 cm ™' is attributed to the conjugate
C=C skeletal stretching vibration of graphite. Comparing Z/ZF
with RGO/Z/ZF-1, the peaks at 545 and 439 cm ' are corre-
sponding to the stretching vibrations of the Fe-O bonds in
octahedral positions and the stretching vibrations of the Zn-O
bonds in tetrahedral positions respectively,> which suggest the
existence of Z/ZF in ternary composite. Furthermore, a weak
characteristic peak appearing at around 1580 cm ™' was due to
the conjugate C=C skeletal stretching vibration of RGO in the
RGO/Z/ZF-1 composite.

The Raman spectra of the samples are given in Fig. 4. From the
Fig. 4a and b, we can observe that there are two strong Raman
peaks at around 1345 and 1600 cm ™" attributing to the D and G
bands, respectively. The D band is assigned to the vibration of sp?
carbon atoms of disordered graphite,” which corresponds to
a first-order zone boundary phonon mode associated with defects
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Fig. 3 FT-IR spectra of (a) GO, (b) RGO, (c) Z/ZF composite and (d)
RGO/Z/ZF-1 composite.
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Fig. 4 Raman spectra of (a) GO, (b) RGO, (c) Z/ZF composite and (d)
RGO/Z/ZF-1 composite.

in the graphene or graphene edge. The G band is mainly attrib-
uted to the in-plane vibration of sp” carbon atoms in a 2D
hexagonal lattice.>* Furthermore, the intensity ratio of D band to G
band (Ip/I) is usually used to measure the graphitization degree
of carbon materials.”® In this study, the Ip/I; of GO and RGO are
0.95 and 1.11, respectively. The increase in value of Ip/Ig suggests
that a decrease in the average size of the sp® domains upon
reduction of the GO and more defects has been generated.>® As
shown in Fig. 4c, the peak at around 337, 664 and 443 cm™ " are
regard as the Eg, A;, modes of ZnFe,0, and characteristic peak of
ZnO, respectively.””*® From Fig. 4d, it is seen that the Raman
spectrum of RGO/Z/ZF-1 composite contains the characteristic
peaks of RGO, ZnO and ZnFe,0,, which indicates the successful
synthesis of RGO/Z/ZF-1 composites.

The chemical states of elements in RGO/Z/ZF-1 are further
investigated by XPS. The wide scan XPS spectrum of RGO/Z/ZF-1
in Fig. 5a shows photoelectron lines at a binding energy of
about 286, 531, 710 and 1022 eV attributed to C 1s, O 1s, Fe 2p
and Zn 2p, respectively. The peaks of Zn 2p,/, and Zn 2p;,, are
located at 1044.9 and 1021.8 eV, which indicates that the
chemical state of Zn is +2 in ternary composite.” The Fe 2p,,

This journal is © The Royal Society of Chemistry 2017
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appears at 724.8 eV and the peak at 711.7 eV is attributed to Fe
2psy, level. In addition, a satellite vibration peak is located at
718.1 eV. It demonstrates that Fe*" exists in the RGO/Z/ZF-1.*°
The peaks of O 1s appearing at 533.5, 531.9 and 530.3 eV were
corresponding to C-O-C of graphene, hydrogen bond in
absorbed water and the band of M-O (M represents metal) in Z/
ZF.*7%* As shown in the high resolution XPS spectra of C 1s, the
peaks at 288.5, 285.3 and 284.5 eV are due to the C in C=0, C-O
and C=C/C-C. Meanwhile, it can be seen that the intensity of
C=0 and C-O are obviously lower than C-C and C=C, which
indicates that containing oxygen functional groups in GO has
been reduced by hydrazine hydrate.** The result of XPS analysis
further confirms the synthesis of RGO/Z/ZF-1.

3.2. Photocatalytic performance and mechanism analysis

To evaluate the photocatalytic activities of RGO/Z/ZF photo-
catalysts under the visible light irradiation, MB is employed as
a model pollutant. As contrast, the photocatalytic activity of
pure ZnO and Z/ZF photocatalysts are also carried out at the
same conditions. Fig. 6 showed the photocatalytic degradation
of MB under different samples at room temperature. There is
nearly no degradation of MB without photocatalysts. The pho-
tocatalytic degradation of MB is very weaker only under the help
of ZnO compared with that of Z/ZF. The possible reasons were:
firstly, ZnO (energy gap = 3.37 €V) is only excited by UV light
irradiation rather than visible light irradiation. ZnFe,O, nano-
particles with bandgap of 1.8 eV are in principle a good visible
light photocatalysts.*® Secondly, the Z/ZF has a core-shell
structure which can provide a heterojunction structure. The
heterojunction structure promotes the separation of photo-
generated electrons and holes, improving the photocatalysis
activity.*® After addition of RGO, the photocatalytic degradation
effect of RGO/Z/ZF is better than that of pure ZnO and Z/ZF, the
RGO/Z/ZF-3 presents the best photocatalytic activity (the final ¢/
Co is minimum). In the RGO/Z/ZF composite, the RGO plays
a role to adsorb MB by the - stacking. The RGO with lower
Fermi level can preferentially accept the photogenerated elec-
trons, which can reduce the recombination of the photo-
generated electrons and holes produced by Z/ZF.*” The
synergistic effect of three components can markedly improve
the photocatalytic activity of composite. The Fig. 7 gives the
temporal evolution of the absorption spectra during the photo
degradation of MB for RGO/Z/ZF-3. It can be seen that the
intensity of the absorption peaks at 664 nm gradually decreased
with irradiation time during MB degradation. It is observed that
the peaks nearly completely disappear when the photocatalytic
degradation process for MB is carried out for 60 min.

In order to make a further investigation on photocatalytic
process, the kinetic behavior of photocatalytic degradation
needs to be studied. Generally, the kinetic process of photo-
catalysis is described by pseudo-first-order reaction equation:*®

Go
In— = Kt 1
ne 1)

where C, and C, (mg L™ ") are the concentration of MB at the ¢t =
0 and time ¢ (min), respectively. K (min~") is the rate constants

RSC Adv., 2017, 7, 23246-23254 | 23249
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Fig. 5 XPS spectra of RGO/Z/ZF-1 (a) full spectrum, (b) Zn 2p, (c) Fe 2p, (d) O 1s and (e) C 1s.

which has a positive correlation with the photocatalytic activity.
The fitting results of photocatalytic degradation of MB are
shown in Fig. 8 and Table 1. It can be seen from the results that
the RGO/Z/ZF-3 has the fastest rate of rate constants (K =
0.05652 min~ ') and better fitting correlation index (R* = 0.986),
which indicates that the RGO/Z/ZF-3 has the best photocatalytic
activity.

As we all known, if the energy of irradiate light is greater than
the photoabsorption threshold value of photocatalyst, the
photogenerated electron-hole pairs will be produced in photo-
catalyst. Then the generated electrons will combine with water-
dissolved O, to form superoxide radical anion (O, ), the
generated holes will react with the surface-absorbed OH groups
to form "OH radicals. These photoinduced O,"~ and "OH have

23250 | RSC Adv., 2017, 7, 23246-23254

strong oxidability which can effectively decompose the organic
dye of MB to final harmless degradation products***® The
reaction pathways as follows:

ZnFe,04 + hv — ZnFe,04 (e~ + h™) (2)
ZnO +e — ZnO (e") (3)

RGO + ¢~ — RGO (¢") (4)

0, +ZnO (e7) = O~ (5)

0, +RGO (e7) = O, (6)
ZnFe,O, (h*) + OH™ — ZnFe,04+ ‘OH 7)

This journal is © The Royal Society of Chemistry 2017
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degradation times with RGO/Z/ZF-3 as photocatalysts.

0, + "OH + MB — degradation products (8)

The possible mechanism of visible light photocatalysis can
be illustrated by Fig. 9. It is known to us that the conduction
band (CB = —1.54 V vs. NHE) and valance band (VB = 0.38 V vs.
NHE)*" of ZnFe,0, are both negative than the conduction band
(CB = —0.1 Vvs. NHE) and valance band (VB = 3.2 V vs. NHE)*
of ZnO, which leads to the type II band alignment of Z/ZF.***
Upon visible light irradiation, the partial photogenerated elec-
trons from conduction band of ZnFe,O, are transferred to the
conduction band of ZnO, oppositely, the photogenerated holes
lefted in the valance band of ZnFe,O,. The photogenerated
electrons and holes can be effectively separated.*> The photo-
generated electrons transferring into the conduction band of
ZnO and holes left in the valance band of ZnFe,O, can be
captured by water-dissolved O, and OH groups to form O, ™ and
"OH respectively because of the more positive E(0,/O," ") (0.0 V
vs. NHE)* and E(OH/'OH) (2.87 V vs. NHE),” which can

This journal is © The Royal Society of Chemistry 2017
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Fig. 8 Linear fitting curve of different photocatalytic degradation of
methylene blue.

Table 1 The fitting results of first-order kinetic model for different
samples

Liner fitting of first-order kinetics reaction

Samples Equation R K (min™")
Z/ZF In(co/c,) = 0.00375¢ 0.9926 0.00375
RGO/Z/ZF-1 In(co/c,) = 0.02442¢ 0.9776 0.02442
RGO/Z/ZF-3 In(co/c;) = 0.05652¢ 0.986 0.05652
RGO/Z/ZF-5 In(co/c,) = 0.03289¢ 0.9763 0.03289

effectively decompose MB to final harmless small molecules.
Further evidence is provided by adding CH3;OH, which is
a typical holes cavenger in aqueous solution.** Fig. 10 shows
degradation efficiency of RGO/ZnO/ZnFe,0,-3 with or without
CH;0H when the photocatalytic degradation process is carried
out for 60 min. Low degradation efficiency is observed after
adding CH3;OH. This result confirms that both electrons and
holes can attribute to the degradation process. Meanwhile, RGO
also plays an important role in ternary composite. Firstly,
partial photogenerated electrons from conduction band of
ZnFe,0, are also readily transferred to the graphene nanosheets
because of more positive conduction band (CB = —0.75 V vs.
NHE)"* and more efficient electron transportation of graphene,
which can prohibit the recombination of electron-hole
pairs.?”** Secondly, the unique structure of RGO provides the
RGO/Z/ZF with a larger surface area (see Table 2) which can
make photocatalyst absorb more light radiation and dyes.*”
Thirdly, there are a lot of defects and few excited groups con-
taining oxygen in the RGO surface because of reduction of GO,
which can bring strong absorption capacity for the RGO/Z/ZF.*
At last, the conjugated 7 system of RGO can also hinder the
recombination of electron-hole pairs.*® As a result, the RGO/Z/
ZF has high photocatalytic activity.
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Fig. 9 Schematic diagram of possible photocatalytic mechanism of RGO/Z/ZF-3 composite under visible light irradiation.

Degradation efficiency/%

Without CH,OH With CH,0H

Fig. 10 Degradation efficiency of RGO/ZnO/ZnFe,O4-3 with or
without CH3zOH.

Table 2 BET surface area of the samples

Samples BET surface area (m” g )
Z 92

Z|ZF 67

RGO/Z/ZF-1 127

RGO/Z/ZF-3 138

RGO/Z/ZF-5 154

3.3. Reusability and stability of RGO/Z/ZF-3 composite

The Fig. 11 showed the hysteresis loops of pure ZnFe,0, (ZF)
and RGO/Z/ZF-3 composite. The narrow magnetic hysteresis
loops of the samples indicate that the samples are magnetically
soft with low coercivity. The saturation magnetization of RGO/Z/

23252 | RSC Adv., 2017, 7, 23246-23254

40 |
30+
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-2000 0 2000 4000
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Fig. 11 The magnetization hysteresis loops of ZnFe,O4 (ZF) and RGO/

Z/ZF-3 composite.

Fig. 12 Digital photographs of RGO/Z/ZF-3 collected by an external
magnet (a) before separated; (b) after separated.

This journal is © The Royal Society of Chemistry 2017
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Fig.13 Photocatalytic degradation of MB during five circulations using
RGO/Z/ZF-3.

ZF-3 composite was clearly lower than that of single ZF, which
may be due to the addition of nonmagnetic RGO and ZnO.
However, the saturation magnetization of RGO/Z/ZF-3
composite is still enough to make it be separated from the
degradation solution. The photograph of magnetic separation
is shown in Fig. 12. The RGO/Z/ZF composite can be collected
quickly by a magnet just for about 1 min. The result of repeated
photocatalytic experiments on RGO/Z/ZF-3 is given in Fig. 13. It
can be seen from Fig. 13 that the photocatalytic activity of
composite still gets 82.41% after five recycles, which suggests
the excellent photocatalytic stability of RGO/Z/ZF-3.

4. Conclusions

RGO/Z/ZF composites were synthesized by two steps method. Z/
ZF composites with core-shell structure are coated by nearly
transparent flake-like RGO. The composite shows excellent
photocatalytic activity. RGO/Z/ZF-3 has not only the optimal
photocatalytic activity because of its appropriate RGO content,
heterojunction structure and special type II band alignment
which can absorb more MB and improve the degradation of MB,
respectively, the ratio of degradation of MB is 98.64% when it
was under visible light for 60 min, but also enough stability to
be reused.
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