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Beneficial from the excellent optical performance of zinc oxide (ZnO) nanocrystals and the absorption properties of graphene oxide
(GO), the nanocomposites of ZnO and GO with synergistic photocatalytic effects were prepared by a precipitation method, in
which GO is utilized as the catalyst carrier. The prepared composites were characterized by X-ray diffraction, X-ray
photoelectron spectroscopy, UV-vis spectroscopy, field emission scanning electron microscopy, and transmission electron
microscopy and also performed photocatalytic activity for the nanocomposites. The results show that ZnO is uniformly loaded
on the surface of GO assisted by an effective interface coupling. Due to interface coupling between ZnO and GO, electrons can
be directly transferred from the valence band of ZnO to GO. The photodegradation efficiency of the composites reaches to
97.6%, and the first-order reaction rate constant of photodegradation is calculated to be 0.04401min-1. The novel ZnO-GO
composites with excellent photocatalytic performance display promising potential applications in the field of photocatalysis and
will provide a new platform for building next-generation graphene-based semiconductor composites.

1. Introduction

Along with the rapid development of the industrialization,
the issue of water pollution becomes serious and causes det-
rimental effects to environment. According to recent reports,
many industries discharge about 70% of their waste products
into water directly without any refinements [1]. How to deal
with water pollution by high-efficiency, energy-saving, and
low-cost approaches needs to be solved urgently. Removal
of organic pollutants is of great significance for water conser-
vation. As an inexhaustible, safe, reliable energy source, solar
energy is considered as the most ideal green and clean energy
for human beings [2]. The development of catalysts for effec-
tive photocatalytic degradation of organic dyes in waste
water is one of the promising means of water purification
and gradually becomes a hot research topic in the field of
environmental protection.

Since the first demonstrated single crystal TiO2 for water
splitting to H2 published in 1972 by Fujishima and Honda
[3], photocatalysis has attracted enormous attention of many

researchers in various fields including chemistry, physics,
materials, and environmental protection. In the past few
decades, scientists have made considerable efforts to develop
new semiconductor photocatalysts [4, 5]; many inexpensive,
efficient, and stable photocatalysts have been prepared and
used in photochemical sewerage treatments, such as metal
oxides (TiO2 [6], ZnO [7, 8]), sulfides [9], and oxynitrides
[10]. ZnO is a kind of n-type semiconductor photocatalyst
with a wide band gap, high electron excitation binding energy
(about 60meV at room temperature), favorable electric and
photonic properties, and oxidation resistance. ZnO has been
considered as a substitute for TiO2 for the high catalytic
activity, simple preparation process, relatively low cost, and
avirulence [11]. In particular, ZnO can be used to resist bac-
teria and shield ultraviolet radiation, as reported by our pre-
vious study work [12–14].

ZnO has low cost and it can be applicable in wide temper-
ature range, so it has been extensively used in environmental
treatment [15]. However, ZnO nanoparticles have some
drawbacks, such as ununiformed dispersion, high resistivity,
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difficulty in fixing, and the facile combination of photogener-
ated electron-hole pairs [16]. As a result, ZnO can only be
activated by UV irradiation and the light quantum efficiency
is low. In order to prevent the recombination of electron and
hole pairs and enhance the photocatalytic performance in the
UV region by narrowing the band gap of ZnO semiconduc-
tors, much research has been done on functionalizing synthe-
sized ZnO with other materials [17], such as making the
nanocomposites with graphene oxide (GO) and reduced gra-
phene oxide (rGO) [18–20].

GO is one of the two-dimensional (2D) materials with
high specific surface area, excellent adsorption effect, and
good catalytic effect and thermodynamic properties [21],
which can improve the catalytic effect of photocatalysts. For
the ZnO-GO composite photocatalyst, ZnO and GO act as
the photocatalyst and the material for electron-acceptor/-
transport, respectively, which promote the migration of
photogenerated electrons and hinder the electron-hole
recombination in a large extent [22]. The fact of improve-
ment in photocatalytic efficiency is that the photogenerated
electrons migrating to the surface can react with the hybrid
GO layer, which suppresses the recombination of photogen-
erated electrons and holes to promote the effective separation
of photogenerated electrons and holes [23]. Particularly, for
the photodegradation of organic dyes, GO plays a significant
role in enhancing the photodegradation efficiency of photo-
catalysts, due to the strong adsorption effect between GO
and various organic dyes [24].

In this study, the ZnO-GO nanocomposites were success-
fully synthesized by a facile precipitation method and further
used as the photocatalyst for the degradation of methylene
blue (MB) dye. The functional groups and hydroxyl, car-
boxyl, and epoxy groups of GO provided anchor sites for
the growth of ZnO nanocrystals to form the flake-like nano-
composites. With the help of comprehensive characterization
methods including XRD, XPS, and SEM, it can conclude that
the ZnO has been successfully decorated on the surface of
GO. The as-prepared ZnO-GO composites exhibit more
excellent and stable photocatalytic performance than pure
ZnO, ascribed to the fact that GO sheets collected and trans-
mitted the electrons, thereby inhibiting the recombination of
electron-hole pairs. Compared with other previous reports
on ZnO-GO composites catalysts, most of which use light
sources with hundreds of W or higher power to excite the
catalysts for photocatalytic reactions [25]; the as-prepared
ZnO-GO catalysts in this study showed higher catalytic activ-
ity under the light source of 50W mercury lamps. This effec-
tive photocatalyst is an outstanding candidate for catalysts in
photocatalytic degradation of organic dyes.

2. Experimental

2.1. Materials. Ethanol (99.9%), zinc sulfate heptahydrate
(ZnSO4·7H2O), sodium hydroxide (NaOH), and methylene
blue (MB) were purchased from Sinopharm Chemical
Reagent Co., Ltd. Graphene oxide (GO) was prepared via
the modified Hummer method and spray drying to obtain a
brown powder. Deionized water was used throughout the
experiments.

2.2. Synthesis. All the chemicals were analytic grade reagents
without further purification. The solvent medium used for
the reaction system was deionized water. The preparation
procedure of ZnO and ZnO-GO nanostructures consists of
two steps: (1) synthesis of precursor, Zn(OH)2, for the
growth of ZnO nanostructures and (2) hydrothermal growth
of ZnO and ZnO-GO structures in aqueous medium.

2.2.1. Synthesis of Precursor. The precipitation method was
applied for the preparation of nano-ZnO powders. 28.76 g
of ZnSO4·7H2O and 8.00 g of NaOH were, respectively, dis-
solved in 50mL deionized water to give 2M ZnSO4 and
4M NaOH solutions, respectively. The ZnSO4 solution was
poured into a 250mL three-necked flask, and then the NaOH
solution was added dropwise with the rate of 2mL/min under
vigorously stirring (250 rpm) at 25°C. After that, the reaction
was continued for another 30min, and then the precipitate
was filtered, washed for several times with deionized water,
and then placed in a Buchner funnel and sealed and placed
overnight at room temperature to obtain the precipitated
precursor.

2.2.2. Growth of ZnO Nanostructure and ZnO-GO
Nanocomposite. Firstly, 2.00 g of precursors and different
amounts of GO (50mg, 100mg, 150mg) powders were put
into a conical flask. Then, 1M NaOH aqueous solution
(70mL, 80mL, 90mL, 100mL) was added into the flask
and syringed into the flask with vigorous stirring for 1 h.
The suspension was ultrasonically treated in an ultrasonic
bath for 1 h at room temperature, before it was transferred
to a 250mL three-necked flask. The reaction was proceeded
with vigorous stirring (250 rpm) for 2 h at 60°C and kept
for another 6 h at 80°C. The precipitations were collected,
then washed several times with deionized water and anhy-
drous ethanol after prior to cooling down to room tempera-
ture, and then dried at 60°C under vacuum for 12h. Finally,
the precipitations were calcined in an oven at different tem-
peratures (300°C, 350°C, 400°C, 450°C, 500°C) for 3 h in N2
atmosphere and milled to obtain ZnO nanoparticles; the
heating rate is 5°C/min.

2.3. Photocatalytic Activity Tests. The photocatalytic perfor-
mance of the prepared photocatalysts, ZnO nanoparticles,
and ZnO-GO composites was evaluated by photodegrada-
tion of methylene blue (MB) under simulated ultraviolet light
supplied by 50W high-pressure mercury lamp at room
temperature. In a typical reaction, 20mg of the photocatalyst
was dispersed in 100mL of MB aqueous solution (0.015 g/L,
i.e., 4:01 × 10−5 M) under magnetic stirring. The distance
between the experimental setup and the light source was
set as 7 cm for all the photodegradation experiments.
Before photodegradation experiments, the mixture of cata-
lyst and dye was stirred in the absence of light for 1 h
until reaching adsorption-desorption equilibrium. The mix-
ture was exposed to the light derived from high-pressure
mercury lamp under continuous magnetic stirring. 3mL of
the mixture was taken out every 10min and centrifuged to
remove the catalysts for the absorbance change measure-
ments by using UV-vis spectrophotometer. The reusability
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and photostability of ZnO-GO nanocomposites were inves-
tigated for MB degradation for five cycles. The ZnO-GO
catalysts were collected and washed for the next cycle deg-
radation. The obtained powder was dried at 60°C for 12h.
The concentration changes of MB dye in solution were
determined by the characteristic absorption of MB at the
wavelength of 665nm.

2.4. Characterization. The crystal structure of samples was
characterized by the mean of X-ray diffraction (XRD) using
a PANalytical X’Pert PRO X-ray diffractometer with Cu Kα
irradiation source (λ = 1:5406Å) from 5° to 80° at a rate of
0.02°/s. The morphologies of the resultant products were
measured with a FEI Tecnai G2 F20 transmission electron
microscope (TEM) with an acceleration voltage of 200 kV
and Hitachi S-4800 field emission scanning electron micros-
copy (FE-SEM). The surface properties of the powders were
characterized by a VG ESCALAB 250 X-ray photoelectron
spectrometer (XPS), with a monochromatic Al Kα X-ray
source (hv = 1486:6 eV). The UV-vis spectra were measured
using a Persee TU-1900 UV-vis spectrophotometer, in the
wavelength range of 200-800 nm.

3. Results and Discussion

3.1. Structural Analysis. In order to gain the crystal structure
information of ZnO and ZnO-GO as well as the influences
from different preparation conditions, the XRD measure-
ments of the photocatalysts were conducted, as shown in
Figure 1. The characteristic peaks at 2θ = 31:7°, 34.4°, 36.2°,
47.5°, 56.7°, 63.0°, 66.4°, 68.1°, and 69.3° were observed from
the XRD patterns of ZnO and ZnO-GO nanocomposites
annealed at 450°C, corresponding to the planes (100), (002),
(101), (102), (110), (103), (200), (112), and (201), respectively
(Figure 1(a)), indicating the existence of ZnO with hexagonal
wurtzite phase (JCPDS No. 361451). No existence of other
phases or impurity was found, indicating the high purity of
catalysts [26–28]. It is notable that the characteristic diffrac-
tion peak of GO at 2θ = 12:6° was not found in the XRD pat-
tern of ZnO-GO, which was probably because ZnO crystals
were covered by limited amounts of GO that changed its
structure [29]. According to related literatures [30], the pres-
ence of grain boundaries in ZnO and ZnO-GO nanocompo-
sition can be proved owing to the existence of amorphous
superficial and intergranular layers between ZnO and ZnO-
GO photocatalysts (unobservable in XRD patterns).

In addition, the influence of adding amounts of NaOH on
the ZnO structure was been studied. It is clearly observed from
Figure 1(b) that the diffraction peak intensity of the ZnO
increases first and then decreases upon increasing the amounts
of NaOH;moreover, the diffraction peaks become the sharpest
when the adding amount of NaOH is 80mL. Figure 1(c)
shows the effect of adding amounts of GO on the ZnO-GO
nanocomposite structure. We found that the diffraction peak
intensity decreases with the increase adding amounts of GO.

3.2. Component Analysis. The chemical state of element com-
ponent for ZnO-GO nanocomposites annealed at 450°C was
explored by X-ray photoelectron spectroscopy (XPS), and the
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Figure 1: XRD patterns of (a) GO, ZnO, and ZnO-GO, (b) bare
ZnO prepared under varying NaOH additions, and (c) ZnO-GO
nanocomposite prepared under varying GO additions.
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interfacial interaction information among compositions are
shown in Figure 2. The wide range analysis pattern of ZnO-
GO nanocomposites is comprised of C1s (284.8 eV), O1s
(531.0 eV), and Zn2p (1021.7 eV), without other elemental
peaks. Figure 2(b). shows deconvoluted C1s XPS spectrum
in three distinct peaks at 284.8 eV, 286.5 eV, and 288.5 eV,
respectively, which all contributed from graphene oxide [31].
The 284.8 eV peak is ascribed to the sp2 carbon atom of C-C
bond, and the 286.5 eV peak is represented by C-O bond con-
tributed by the epoxy and hydroxyl groups. The carboxylate
C=C covalent bond is assigned at the peak around 288.5 eV
[32, 33]. Figure 2(c) depicts the O1s exact curve which can
be fitted to the peak appeared at around 531.0 eV. It is facili-
tated by the chemisorbed oxygen atom and lattice oxygen in
nanocomposites [34]. As shown in Figure 2(d), the bounding
energy locations of 1045.5 eV and 1021.7 eV conform to the
present of two atomic states, Zn2p1/2 and Zn2p3/2 corre-
sponding to the electronic configuration of Zn2+ [35].

3.3. Morphological Analysis. The FE-SEM was used to study
the morphologies of the as-prepared GO, ZnO, and ZnO-
GO nanomaterials, as shown in Figure 3. Figure 3(a) displays

GO which has a carpet-like pattern, probably because of
residual bound moisture and the hydroxyl, epoxy, and car-
boxyl functional groups adhered to the surface of GO [36].
The graphene sheets are not perfectly flat but intrinsically
microscopic roughening and out-of-plane deformations
(wrinkles). Besides, some dispersed GO sheets could connect
randomly to each other that brought about a porous struc-
ture with numerous cavities or holes, which provides addi-
tional possibilities to form ZnO-GO nanohybrid between
precursor and GO. Figure 3(b) clearly shows that ZnO nano-
particles appear as granule-like nanostructures and the pow-
der aggregation at different levels. It can be seen from
Figure 3(c) that the surface of GO is covered rigorously by
ZnO crystals, demonstrating a good combination between
GO sheet and ZnO nanoparticles. The ZnO-GO catalyst
shows a cross-linked flaky structure and excellent dispersibil-
ity without agglomeration, and the structure presents an
average thickness of about 20nm. The SEM images of the
ZnO-GO nanocomposites after annealing treatment at
450°C are shown in Figure 3(d). It can be observed obviously
that the ZnO-GO nanocomposites collapsed into a smaller
average sizes. It can be seen that the calcined samples have

1200 1000 800 600 400 200 0

Zn
 3

p
Zn

 3
d

Zn
 3

s

C 
1sZn

 L
M

M
1

Zn
 K

LL
O

 1
s

Zn
 L

M
M

3
O

 K
LL

O
 K

LL
Zn

 2
p 3

/2

In
te

ns
ity

 (a
.u

.)

Binding energy (eV)

Zn
 2

p 1
/2

(a)

298300 296 294 292 290 288 286 284 282 280

In
te

ns
ity

 (a
.u

.)

Binding energy (eV)

288.5 eV
C = C

286.5 eV
C-O

284.8 eV
C-C

(b)

526528530532534536538540542

In
te

ns
ity

 (a
.u

.)

Binding energy (eV)

531.0 eV
O1s

(c)

1050 1045 1040 1035 1030 1025 1020

Zn
2p

3/
2

In
te

ns
ity

 (a
.u

.)

Binding energy (eV)

Zn
2p

1/
2

1045.0 eV

1021.7 eV

(d)

Figure 2: (a) XPS spectra, (b) C1s region for GO-ZnO nanocomposite, (c) O1s region, and (d) high-resolution spectra of Zn2p region.
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better dispersion. To a certain extent, such samples have a
larger specific surface area, which is conducive to the improve-
ment of photocatalytic activity. As reported, the large specific
surface area can further improve the catalytic activity for
photodegradation [37]. Hence, it is reasonable to form the
ZnO-GO catalyst with tunable sizes and specific surface areas.

The transmission electron micrograph (TEM) images of
the GO, ZnO, and ZnO-GO nanocomposites annealed at
450°C are shown in Figure 4. Figure 4(a) shows high-
magnified image of pure GO having wrinkled-like struc-
tures, which provides a chemical reaction condition for
ZnO crystal deposition. The wide carrier GO could decrease
the agglomeration formation rate of ZnO and further
improve the charge separation and photodegradation activity
[38]. Figure 4(b) illustrates the ZnO nanoparticles with a lat-
tice space of 2.60Å corresponding to (101) diffraction, which
is consistent with XRD results. The images shown in
Figure 4(c) demonstrate the lattice plane in (101) directions
of wurtzite structure from one particle of ZnO-GO nano-
composite, implying that ZnO crystal deposited on GO sheet
firmly. The conclusions obtained above are in good accor-
dance with the results calculated from XRD analysis. The
interaction between ZnO and GO sheets may be ascribed to
the existence of epoxide accompanied by the hydroxide
groups on GO surface that gives activated reaction sites of
immobilization for ZnO crystals [39]. The above description

shows only lattice space or direction, while the specific area
axis of the hybridization structure described above cannot
be defined. Under the present investigation, we can infer that
the substance detected by TEM belongs to ZnO wurtzite
structure from the identified lattice space or direction. The
base GO does not affect the crystalline structure of ZnO,
due to that the crystalline of ZnO deposited on GO is consis-
tent with ZnO.

3.4. Optical Properties. As a comparison, the optical proper-
ties of GO, ZnO, and ZnO-GO nanocomposites annealed at
450°C were detected by UV-vis spectroscopy as expressed
in Figure 5. It is clearly observed that an absorption peak
centered at 231nm is assigned to π-π ∗ transitions of aro-
matic C=C bonds in GO. In addition, a shoulder peak near
300 nm reflected to n-π ∗ transitions of aromatic C=O bonds
[40]. Due to the transition of the electron from the valence
band to the conduction band (O2p-Zn3d), the UV-vis absorp-
tion of the sample might be demonstrated at around 375 nm,
which can be attributed to the intrinsic band gap absorption
of ZnO [41, 42]. The UV-vis absorbance of ZnO-GO hybrid-
ization is heightened as displayed in the profile. Due to the
absorbance of GO, the increase of surface electric charge of
the oxides and the compounds forms change of electron-
hole pair under UV and visible light [43]. The band gap of
semiconductor catalyst can be calculated by the Kubelka-
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Figure 3: SEM images of (a) GO, (b) ZnO, (c) ZnO-GO nanocomposite, and (d) ZnO-GO nanocomposite annealed at 450°C.
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Munk method [44]. The absorption coefficient (α) versus
photon energy (hv) for the direct band gap semiconductor
can be expressed as follows:

αhv = A hv − Eg
� �η, ð1Þ

where α can be determined according to Kubelka-Munk the-
ory, h is Planck’s constant v is the frequency of light, A is the
absorption constant for direct transitions, Eg is the energy
band gap value, and η is an index which features the process
of optical absorption, and it is equal to 1/2, 2, 3/2, and 3 the-
oretically for direct allowed, indirect allowed, direct forbid-
den, and indirect forbidden transitions, respectively. It is
well known that ZnO is one of the direct band gap semicon-
ductors. The inset figure in Figure 5 shows the plots of the
ðαhvÞ2 versus photon energy (hv). The energy band gap for
bare ZnO is calculated to be 3.6 eV, while energy band gap
of ZnO-GO nanocomposite drops down to 2.9 eV. Accord-
ingly, the existence of GO carrying ZnO can enhance the
light absorption and widen the ultraviolet region range as
described in ZnO-GO nanocomposites.
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Figure 4: TEM images of (a) GO sheet, (b) ZnO, and (c) ZnO-GO nanocomposite.
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3.5. Photocatalytic Properties. To evaluate the activities of
photocatalyst, pure ZnO semiconductors and ZnO-GO
nanocomposites obtained in various preparation processes
were used for the degradation of molecular model pollutant
and methylene blue (MB). The MB dye and catalyst were
mixed by magnetic stirring continuously for 1 h in dark
before photodegradation to ensure the system under
adsorption-desorption equilibrium. Then, under ultraviolet
and visible light emitted by the high-pressure mercury lamp
irradiation at different interval times, the absorbance of the
solution was measured after centrifugation. As displayed in
Figure 6(a), the UV-vis absorbance intensity of MB decreases

with the irradiation time increasing, which confirms the MB
molecules were degraded effectively by ZnO-GO nanocom-
posites. Figure 6(b) depicts the real-time changes of MB con-
centration with the increase of irradiation time for all
monitored catalysts under ultraviolet and visible light radia-
tion. In the case of pristine MB (without ZnO or ZnO-GO
nanocomposites), there is a slight decrease in absorbance
intensity of MB upon the UV-vis light irradiation, which
infers that the MB is hardly degraded in the absence of cata-
lyst under UV light. The degradation rate in blank photoca-
talysis experiment is only 6.8%. It is clear that, for both
ZnO and ZnO-GO nanocomposites, MB concentrations
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Figure 6: (a) UV-vis spectral changes ofMB dye as a series of interval illumination times, (b) photocatalytic degradation of MB by as prepared
ZnO-GO nanocomposites, and (c) kinetic curves of various as prepared catalysts.
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decrease with the increase of irradiation time, indicating all
these materials have the photocatalytic activity for degrada-
tion of MB. About 93.5% of MB dye was degraded by ZnO-
GO nanocomposite within 90min, and the degradation rate
increased to 97.6% after being annealed at 450°C, while only
80.9% of MB dye was degraded by ZnO catalyst. The catalytic
activity of ZnO for MB photodegradation is enhanced after
loading ZnO on GO sheet surface since the ZnO-GO nano-
composite photocatalysts possess higher catalytic activity.
The higher photodegradation efficiency was ascribed to the
availability of more active photocatalyst surface for dye
absorption, enhanced photoabsorption, and subsequent
reactive oxygen species (ROS) generation [45]. This is
because the existence of GO hinders the recombination of
electron-hole pairs, enhances the absorption of MB, and
widens the ultraviolet region range for catalysts [46, 47]. In
our study, the impurities on the surface of the catalyst were
removed by calcination, and the size of the catalyst was
reduced; however, when the temperature was too high, the
small-sized catalysts were easy to agglomerate. Combining
the influence of various factors, we degraded MB by photoca-
talyzing the sample after calcination. Upon annealed at
450°C, the ZnO-GO nanocomposites have the highest photo-
catalytic activity, suggesting that the small-sized crystal
nanostructures of ZnO-GO lead to large surface area, so we
regard 450°C as the most suitable heat treatment tempera-
ture. The excellent adhesion of ZnO onto the surface of GO
in the catalyst provides efficient electronic transmission
channels since electron-hole pairs are difficult to compound.

In the most previous researches, the experiments of
organic dye photodegradation have always been performed
in dye aqueous dispersions; the whole system was illumi-
nated by high-power UV-visible light sources for a long time.
Table 1 shows the comparison of photocatalytic MB degrada-
tion performance of our prepared ZnO/GO composite with
other materials reported. Mohamed et al. [25] reported on
photocatalysis of ZnO/GO, detecting the MB degradation
under visible light illumination using a 160W Hg lamp; in
their study, a solution of 20mg/L (100mL) of MB and
50mg of catalyst were used. Their results show that above
93% MB could be degraded after 180min by ZnO/GO com-
posite. In addition, considering another investigation by Xue
and Zou [21], they carried out the study on ZnO-graphene
composite for photocatalytic decolorization of MB; 100mL
of a MB aqueous solution (10mg/L) and 50mg of ZnO/gra-
phene were mixed, with irradiation under UV light source
emitted by a 300W xenon lamp; they report 99% of degrada-
tion in 120min for ZnO/rGO; the first-order rate constant is

k = 0:0397 min−1. Also, Raghavan et al. [48] performed the
photocatalytic degradation of MB by reduced graphene oxi-
de/titanium dioxide/zinc oxide (rGO/TiO2/ZnO) ternary
nanocomposites; the intermixture was irradiated with a
300W xenon lamp; TiO2, rGO/TiO2, and rGO/TiO2/ZnO
degraded 92%, 68%, and 47% MB, respectively, after
120min irradiation. The above studies are comparable to
our work; the ZnO-GO composites used for photodegrada-
tion of MB in the our present work are smaller sheets, and
the experimental system is irradiated by a lower-power
(50W) Hg lamp.

According to the results of these photocatalytic experi-
ments, the degradation process of MB dyes with ZnO and
ZnO-GO was studied in details, which fits the first-order
reaction kinetics.

−dC
dt

= k × C,

−ln C
C0

� �
= k × t,

ln C0
C

� �
= kt,

ð2Þ

where C0 and C represent the initial concentration and the
concentration at a time interval of 10min, respectively, t is
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Figure 7: Photostability of ZnO-GO nanocomposites for MB
degradation for five cycles.

Table 1: The comparison table for photocatalytic MB degradation performance of ZnO/GO composite with other materials reported is as
follows.

Catalyst
Light source

(W)
Dye concentration/100mL

(mg/L)
Catalyst mass

(mg)
Reaction time

(min)
Degradation rate

(%)
Reference

ZnO/GO 160 20 50 180 93 [25]

ZnO/GO 300 10 50 120 99 [21]

rGO/TiO2/ZnO 300 0.3 10 120 92 [48]

ZnO/GO 50 20 20 90 97.6 This study
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the irradiation time, and k (min-1) denotes the first-order rate
constant. Figure 6(c) reveals a profile depicting linear rela-
tionship between lnðC0/CÞ and degradation time (t) under
UV light irradiation. For the ZnO-GO nanocomposites pre-
pared by adding of 100mg of GO and being annealed at
450°C, the value of the first-order rate constant, k, for MB
degradation is 0.04401min-1, while that is 0.03096min-1 for
ZnO-GO nanocomposites without annealing treatments. k
values for the blank photocatalysis and ZnO crystals are
0.00074min-1 and 0.02378min-1, respectively. R2 > 0:9 in
all MB degradation experiments indicates that the photo-
catalytic degradation of MB adheres to the pseudo first-
order reaction. Therefore, the annealed ZnO-GO catalyst
containing 100mg of GO exhibits the fastest photocatalytic
rate for MB degradation under ultraviolet and visible light
illumination.

The reusability and photostability of ZnO-GO nanocom-
posites containing 100mg GO were investigated for MB deg-
radation for five cycles. The ZnO-GO catalysts were collected
and washed for next cycle degradation. The obtained powder
was dried at 60°C for 12 h. The photodegradation efficiencies
for five cycles are shown in Figure 7. High photostability for
MB degradation with efficiencies of 97.6, 94.8, 92.1, 89.6, and
87.1% was found for five cycles, respectively. This shows that
ZnO-GO nanocomposites prepared by a precipitation
method having outstanding reusability and photostability.
These results may be assigned to the chemical stability of
the ZnO-GO nanocomposites and their excellent photoelec-
tric performance.

4. Conclusions

In this work, the ZnO-GO nanocomposites were successfully
synthesized via a precipitation method, where GO sheets are
used as the catalysis carrier. The functional groups of GO
provide anchor sites for the growth cross-linked ZnO nano-
flakes on the surface of GO. With the help of comprehensive
characterization by means of XRD, XPS, and SEM, it can con-
clude that the ZnO has been successfully decorated on the sur-
face of GO. The photodegradation of MB dye from water with
the prepared nanocomposite was also studied. We demon-
strated that the annealed ZnO-GO nanocomposites exhibited
better efficient photocatalytic activity than that from pure
ZnO. Under the optical conditions, the degradation rate
reaches to 97.6% within 90min, and the first-order rate con-
stant, k, is 0.04401min-1. This effective photocatalyst is an
outstanding candidate for catalysts in photocatalytic degra-
dation of organic dyes.
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