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a  b  s  t  r a  c t

The nano-sized  ZnO–graphene  hybrid  has  been  prepared  through  combining  the  facile  sol–gel  process

and hydrothermal  method by  using Zn(NO3)2·6H2O and hexamethylenetetramine  (HMT)  as  growing

reactants in  the  presence  of  ZnO–graphene  oxide  (ZnO–GO)  seeds.  The  obtained  products  have  been char-

acterized by  X-ray  diffraction,  scanning  electron  microscopy,  transmission  electron  microscopy,  X-ray

photoelectron spectroscopy,  Raman  spectroscopy  and  UV–vis  absorption  spectroscopy.  The results show

that the  GO  has  been  converted  to  reduced-graphene  oxide  during the  hydrothermal process due to the

released reductant  from  HMT. The photo-degradation  of methylene  blue  in the  presence of  ZnO–graphene

(excluding  the  influence  of  the  dye  adsorption  on  the  catalyst)  has  also been  investigated  in detail. It is

found that  the  preparation  conditions have  significant effects  on photo-catalytic  properties  of  the  com-

posites, and  that  ZnO–graphene  prepared  in the  optimal conditions exhibits  the  optimum  activity.  This

facile and  low-cost  method will make  the  composite a perfect candidate  in applications  of  photo-catalysis

and other  areas.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Currently, organic dyes and their effluents have become one

of the main sources of water pollution, these organic dyes escape

from the traditional wastewater treatment and remain in water

because of their high stability against light, temperature, chemi-

cals and microbial attack [1,2].  It is expected that photo-catalytic

degradation of the organic pollutants can open a  new door for

the elimination of organic dyes in wastewater [3].  Up to date,

it is proved that many semiconductors can be used in  photo-

degradation of the recalcitrant organic pollutants [3–5].  Among

these semiconductors, as a  kind of semiconductor widely used

in photonic crystals, photo-catalysts, light-emitting diodes, sen-

sors and electroluminescent materials [8],  ZnO has got increasing

attention because of its suitable band gap of 3.37 eV and the large

excitation binding energy (60 meV) at room temperature [4–7].

However, the photo-catalytic efficiency of ZnO has been usually

limited by the quick recombination of  the photo-generated charge

carriers.

During the photo-catalytic degradation, three aspects should

be considered: (1) the effective transference of photoelectrons to

restrain the recombination of photo-generated electrons and holes;
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(2) a  moderate absorption capacity of  the catalyst toward the dye

or pollutants; (3) a  proper supporting material to support and

immobilize the catalyst [9]. Considered the above three aspects,

graphene can be used as a  promising candidate to support the semi-

conductor because it possesses the ability to  accept the electrons

and prevent the recombination, provides a favorable absorption

of dye through �–� aggregation between the dye and aromatic

regions of graphene, and owns two-dimensional plane and good

mechanical intensity to stabilize the catalyst [8–12]. Furthermore,

as graphene precursor, graphene oxide (GO) sheets contain various

reactive oxygen-containing groups which not only make a  good

dispersion in aqueous solution but also render fixation of metal or

metal oxide particles on the sheets [13–20].

Till now, ZnO has been utilized to decorate graphene sheets

to  form graphene-supported hybrid with good photo-catalytic

properties. For example, Williams and Kamat have fabricated

ZnO–graphene composites by using UV-assisted photo-catalytic

reduction of GO by ZnO in  ethanol solution [21,22].  Li and Cao

[23] have reported incorporation of graphene in ZnO to form

ZnO–graphene composite by chemically reducing the GO disper-

sion in  aqueous solution by NaBH4,  and studied the photo-catalytic

performance of the composites for the degradation of rhodamine

B under UV and visible light irradiation. Recently, ZnO–graphene

composite has also been synthesized by  reducing GO  coated on the

surface of  ZnO by hydrazine, and the composites show an improved

photo-catalytic efficiency for the degradation of  methylene blue
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(MB) [24]. Moreover, Wu et al. have presented a  general approach

for the preparation of sandwich-like graphene/ZnO nanocompos-

ites by solvothermal method in  ethylene glycol medium [25].

A microwave-assisted non-aqueous route has also  been used to

deposit well-dispersed ZnO nanocrystals on reduced graphene

oxide sheets with improved photo-activity for the degradation of

dyes under visible light [26],  and ZnO–graphene composites have

been prepared by using a  UV-assisted photo-catalytic synthesis [27]

and used to enhance photo-catalytic activity in  reduction of Cr(VI).

The catalysts supported on graphene and other carbon materi-

als have high adsorption for organic dyes, but the influence of the

adsorption of the catalysts for dyes on the photo-catalytic perfor-

mance has not been thought over till now. In the usual experiments

of photo-degradation, dyes with certain concentrations are added

into the dispersion of the catalyst initially, the reaction is then

traced by measuring the residue of dyes in the solution at certain

time interval. The kinetic study of the photo-degradation is  gener-

ally based on the pseudo-first order reaction, which is reliable when

the concentration of the dyes is high enough initially, and well per-

formed when the adsorption of the dye on the catalyst is  not strong.

But for graphene-supporting catalyst with strong adsorption for

dyes, it will show that the photo-degradation rate of dyes is very

large although the dye is not degraded so  much [28].  Furthermore,

the apparent reaction constant of the photo-degradation depends

on the light strength, mass of catalyst and the concentration of the

dye in the solution etc. Therefore, the influence of the adsorption

ability of the catalyst should be considered when the adsorption

capacity of the composites is  high enough to  eliminate most of the

dyes since the kinetic constant is determined by  measuring the

concentration of  the dyes in the solution.

In this work, ZnO–graphene composites have been synthesized

via combining the facile sol–gel method and seeds growing pro-

cess at relatively low temperature. The hybrids obtained from this

method (low temperature and less time) have been characterized,

and their activity of photo-degradation has also been investigated

by using almost the same dye concentration in the solution initially

in order to exclude the influences of adsorption.

2. Experimental

2.1. Materials

Natural mineral graphite powder (325 mesh) was  obtained from

the Tianjin Guangfu Research Institute. The GO was prepared

from natural graphite powder according to the previous method

[29,30]. Anhydrous ethanol was refluxed over CaO for 2 h and dis-

tilled before use. MB  was obtained from Zhangjiagang Chemical

Plant. Hexamethylenetetramine (HMT), LiOH·H2O, Zn(NO3)2·6H2O,

Zn(CH3COO)2·2H2O and other reagents were of analytical grade

and used directly without further purification. The GO  stock dis-

persion was prepared by  dispersing a  certain amount of the GO in

ethanol under ultrasonic condition.

2.2. Preparation of ZnO–graphene hybrids

ZnO–graphene hybrids were synthesized by two proce-

dures. Firstly, ZnO–GO seeds were synthesized according to

the method reported previously [31].  Briefly, 1.10 g (5.0 mmol)

Zn(CH3COO)2·2H2O was dissolved into 25.0 mL  anhydrous ethanol

at 80 ◦C and refluxed under vigorous stirring for about 20 min; after

the mixture was cooled to  50 ◦C, LiOH·H2O (0.30 g)  dissolved in

other 25.0 mL  anhydrous ethanol containing certain amounts of  GO

(10, 20, 30, 50 and 75 mg)  was slowly added into the solution of

Zn(CH3COO)2·2H2O; the mixture was kept under vigorous stirring

for 40 min, in which the resulted ZnO particles were supported on

the surface of the GO  sheets, then the mixture was  stored at 4 ◦C

overnight after cooling. The synthesized seeds by  this procedure

were named as ZnO–GO-(n) (n =  2, 4,  6, 10 and 15) because one fifth

of the total seeds were used in  one growing solution. Subsequently,

the dispersion of ZnO–GO seeds (10.0 mL)  was  dropped into 200 mL

aqueous solution containing equal molar of Zn(NO3)2·6H2O and

HMT  and heated at 90 ◦C  for 3 h in  oil bath, during which the ZnO

was  grown on the seeds and GO was  reduced into graphene. Finally,

the precipitate containing different amounts of graphene (2, 4, 6,

10 and 15  mg  based on the amount of initial addition) was collected

by filtering the mixture through the micro-porous filter membrane,

washed by deionized water and anhydrous ethanol thoroughly, and

then dried at 60 ◦C under vacuum for 12 h.  The ZnO–graphene com-

posites prepared from the growing solution containing 0,  1.0, 3.0,

5.0 and 7.0 mmol  L−1 Zn(NO3)2·6H2O and HMT  by using different

ZnO–GO as seeds were denoted as ZnO–graphene-(n)-m (n  =  2, 4, 6,

10 and 15; while m =  0,  1,  3, 5 and 7).

2.3. Characterization of the samples

The X-ray diffraction (XRD) patterns of the samples were

recorded on a Bruker D8 Advance X-ray diffraction meter with

Cu K� radiation and a graphite monochromator at the scan speed

of 5◦ min−1 with a  step size of 0.02◦.  The morphologies of the

samples were observed by using a JEOL-JSM-6701 field-emission

microscope (SEM) operating at an accelerating voltage of 10  kV

and a  JEOL 2010 transmission electron microscopy (TEM) operating

at 200 kV. X-ray photoelectron spectroscopy (XPS) measurements

were performed with an ESCAL-ab 220i-XL spectrometer (VG Scien-

tific, England) employing a  monochromic Al K� source at 1486.6 eV,

where the binding energies were calibrated by referencing the C1s

peak (284.6 eV) to reduce the sample charge effect. Raman spectra

were recorded on  a  Renishaw RM2000 microscopic confocal Raman

spectrometer by employing laser of 514 nm as  incident light. The

measurements of the photo-catalytic activity of  the samples and

the electron adsorption spectra were carried out on a  Varian 50 Bio

UV–vis spectrophotometer.

2.4. Photocatalytic tests

The photo-degradation process of MB  was tracked by using the

absorption spectroscopic technique. Firstly, 50.0 mL aqueous solu-

tion of MB  (20.0 mg  L−1) containing 30.0 mg  of ZnO–graphene was

stirred for 30 min  in  the dark to achieve the adsorption/desorption

equilibrium between the catalyst and the dye. The amounts of  dye

adsorbed on the catalyst were determined by the difference of

the absorbance of the MB solution before and after equilibrium.

After the MB concentration in  the solution was  determined, a

given amount of the concentrated solution of MB was  then added

into the mixture to  make the absorbance of  the solution almost

equal to  the initial absorbance. Therefore, the concentrations of

the dye in  solution could be kept enough high before the test of

photo-degradation. Subsequently, the mixture was  exposed to the

light produced by a 200 W Xe lamp under continuously stirring

after 5  min  equilibrium, the distance between the sample and the

lamp was about 36 cm,  the temperature was  kept at about 25 ◦C,

and the pH of the dispersion was  about 6.5 during the process.

At a given interval of time, 1.0 mL  of suspension was  taken out

and the concentration of MB was  monitored by measuring the

absorbance at 650 nm in  the mixture of ethanol and water with

a volume ration of 3:1 because of the congregation of the MB  in

pure water [31].  For comparison, experiments were also carried

out by  using the similar procedure without further addition of MB

in the system after 30 min  equilibrium. The durability test of the

catalyst in the photo-degradation of MB  under light radiation was

performed following the same procedure, at the beginning, 30.0 mg
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Fig. 1. The C1s (A) and O1s (B) XPS spectra of GO and ZnO–graphene-(10)-1. (a) GO and (b) ZnO–graphene-(10)-1.

of the composite was dispersed in  50.0 mL  MB  solution with the

concentration of 20.0 mg  L−1,  and then the mixture underwent five

consecutive cycles, each lasting for 50  min. After each cycle, the

catalyst was centrifuged and washed thoroughly with water, and

then fresh MB  solution was added to the catalyst for next  time test.

3. Results and discussion

3.1. The characterization of the samples

The XPS spectra of the GO and ZnO–graphene-(10)-1.have been

recorded to identify the valence states of  the elements (Fig. 1)

in the composites. The curve fitting of the XPS peaks can be

performed using Gauss–Lorentzian peak shape after performing

a Shirley background correction. The fitted C1s XPS peak of GO

at binding energy of 284.6 eV can be attributed to  the C  C and

C C bonds, and the peaks at binding energy of 286.5, 287.2 and

288.7 eV are typically assigned to C OH, C O and O  C OH func-

tional groups (Fig. 1A-a), respectively [28,32].  However, the peak

intensity related to the oxygen-containing groups has decreased

dramatically compared with that related to  C C bonds. It is found

that the ratio of the areas related to the C C and C O (Rcc/co) is

about 0.75 in the GO spectrum, and that Rcc/co increases to  about 1.1

in sample of ZnO–graphene-(10)-1. indicating that a  considerable

degree of oxygen-containing groups in  ZnO–GO has been reduced

during the hydrothermal process because of the released reduc-

tants from HMT. The O1s XPS peak located at 532.4 eV (Fig. 1B-a) is

wide and almost symmetric, which can be attributed to the oxygen

of hydroxyl and epoxide, carbonyl and carboxyl group in GO [28].

However, the O1s XPS peaks of the samples of ZnO–graphene-(10)-

1.are obviously asymmetrical and present a  visible shoulder, and

the peak centered at 531.8 eV belongs to  the lattice oxygen of the

ZnO nanoparticles [33].

Raman spectroscopy is considered as  a  convenient technique

to study the ordered/disordered crystal structures of  the carbona-

ceous materials. From the Raman spectra shown in Fig. 2,  it is  clearly

found that GO (Fig. 2 a) shows the D  and G bands at 1348 and

1586 cm−1. The peak at 2685 cm−1 is corresponding to the over-

tone of the D band, and the peak at 2927 cm−1 is associated with

the D + G band [32]. The sample of ZnO–graphene (10)-1 presents

the similar spectra to GO. The G band is  usually attributed to all

sp2 carbon forms and provides information on the in-plane vibra-

tion of sp2 bonded carbon atoms while the D  band suggests the

presence of sp3 defects [32]. The ratios of the area of D band to G

band (RAD/AG) are calculated to be about 2.35 and 2.43 for GO  and

ZnO–graphene-(10)-1. respectively. This may  indicate an increase

of the smaller sp2 domains in the composite due to the destruction

of the conjugation of the graphene during the reducing process.

It is worth noting that a  G band up-shift from 1586 to 1599 cm−1

is observed for ZnO–graphene-(10)-1.compared with GO, which is

Fig. 2.  Raman spectra of (a) the graphene oxide (GO), (b) the sample of

ZnO–graphene-(10)-1.

generally viewed as an  evidence for chemical doping of the carbon

materials [34].

The XRD patterns of  the ZnO–graphene composites prepared

from different conditions are shown in  Fig. 3.  It  is  found that all the

samples present a  typical diffraction character of  wurtzite struc-

ture according to  the standardized JCPDS card (36-1451), which

demonstrates that the presence of GO  or graphene does not result

in the development of new crystal orientations or changes in pref-

erential orientations of  ZnO. The average particle sizes can be

estimated from (1 0 1) peak by using Debye–Scherrer’s formula,

it is found that the diameters of the samples are 8.8, 8.2, 9.3,

11.2 and 10.4 nm for ZnO–graphene-(2)-1, ZnO–graphene-(10)-0,

Fig. 3. The XRD patterns of  the samples of  the GO (a), ZnO–graphene-(2)-1 (b),

ZnO–graphene -(10)-1 (c), ZnO–graphene-(15)-1 (d), ZnO–graphene- (10)-0 (e)  and

ZnO–graphene-(10)-7 (f).
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Fig. 4. The TEM images of ZnO–graphene-(10)-0 (A), ZnO–graphene-(2)-1 (B) and ZnO–graphene- (10)-1 (C)  and ZnO–graphene-(15)-1 (D).

ZnO–graphene-(10)-1, ZnO–graphene-(10)-7 and ZnO–graphene-

(15)-1, respectively. The average size of ZnO particles increases

with the increment of  the concentration of the growing solution

when the same ZnO–GO seeds are used, but it also increases with

the increase of the content of GO in ZnO-seeds when the same con-

centration of growing solutions are used. It  is easy to  understand

that the size of the particles increases with the increment of the

concentration of growing solution. On the other hand, more GO will

aggregate and make the surface area decreased, which will make

the ZnO seeds close to each other on the GO  surface and cause the

size large during the growing process. The characteristic GO  peak

(Fig. 3a) centered at 11.1◦ corresponding to the (0 0 1) diffraction

[35] has disappeared from the ZnO–graphene composites, which

may suggest that the insertion of nanoparticles has exfoliated the

GO sheets completely, or that the low amount and low diffraction

intensity of graphene cannot make a  clear diffraction peak.

From the SEM images of ZnO–graphene composites (Fig. S1), it

can be found that the ZnO nanoparticles are densely aggregated

together, and that it is not easy to  find the graphene sheets in

the composites. Furthermore, it is difficult to  determine the actual

size of ZnO particles owing to their very small size. From the TEM

image shown in Fig. 4,  it  is clear to  find that the scale of the ZnO

particles is large and the size distribution is not uniform in  sam-

ple of ZnO–graphene-(10)-0, and that most particles have a  size of

about 6 nm while some particles even have a size larger than 20 nm

(Fig. 4A). The size of ZnO dispersed on the graphene sheets is rela-

tively small and uniform in sample of ZnO–graphene-(2)-1 which

has less graphene content (Fig. 4B) although the particles of ZnO

exhibit some agglomeration in  comparison with other samples.

Moreover, it can be clearly found that graphene sheets are dec-

orated by ZnO particles with a quasi-spherical shape and uniform

size of about 10 nm (Fig. 4 C)  in  ZnO–graphene-(10)-1. which is  con-

sistent with the data obtained from Scherrer equation. The particles

of ZnO are separated from each other and distributed randomly on

the graphene sheets, which reveals that there is a  good combina-

tion between GO sheets and ZnO particles, and indicates that ZnO

nanoparticles anchored on graphene facilitate the transfers of elec-

trons upon photo-excitation because the �–� network of graphene

is electron acceptor [36].  However, it is strange to find that the par-

ticle size of ZnO becomes larger in sample of ZnO–graphene-(15)-1

containing more graphene than others (Fig. 4D), which may  be that

the  higher concentration of GO facilitates aggregation and makes

the surface area decrease during the process of seeds preparation,

which makes the nucleation of ZnO close to each other.

From the UV–vis spectra of the composites of ZnO–graphene

shown in Fig. S2, it is  found that  ZnO–graphene-(10)-1.displays

an obvious red-shift in  the adsorption edge compared with the

other composites. The red-shift of the absorption edge increases

with the increment of  the graphene content in composites due to

the interaction between ZnO particles and graphene sheets [37].

Furthermore, the absorbance of  ZnO–graphene increases even in

visible light region with the increase of the content of  graphene in

the composites, which is similar to those reported in hybridization

of TiO2 with graphene or other carbon materials [38,39].

3.2. Dye adsorption and the photo-catalytic activity of samples

It is  well known that the photo-catalytic degradation of the

organic pollutants follows the pseudo first-order kinetic [40],  which

exhibits a linear relationship between ln(C0/Ct) and the reac-

tion time. The kinetics equation of the first-order reaction can be

described as:

ln
C0

Ct
=  Kt  (1)

where C0 is  the initial concentration of MB,  t the reaction time and

Ct the concentration of  MB at reaction time of t. So  based on the first-

order equation, the activities of the photo-catalysts are determined

by measuring the absorbency of  the MB in solution at a certain time

intervals.

The adsorption of MB  on the composites of  ZnO–graphene is

strongly influenced by  the content of  the graphene in  the hybrids

because of the interaction between the cationic MB  and the anionic

graphene and the �–� interaction. When we  add a  certain amount

of dye in  the dispersion of the catalyst firstly and then the mix-

ture is irradiated by light after adsorption equilibrium according

to the method reported previously, it is found that the compar-

ative studies of the photo-catalytic properties of the composites

containing different amounts of graphene (especially the samples

contain more graphene) become very difficult. For example, the

initial absorbance of  the MB  solution decreases (Fig. 5A) dramat-

ically with the increment of graphene content in ZnO–graphene
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Fig. 5. (A) Process of photo-catalytic degradation of MB  with different ZnO–graphene composites containing different amounts of graphene (the seeds of Zn–GO are treated

in equal molar solution (3 mM)  of Zn(NO3)2·6H2O and HMT) and (B) the Kapp for the photo-catalytic degradation processes of MB.  (a)  ZnO–graphene-(2)-3, (b) ZnO–graphene-

(4)-3, (c) ZnO–graphene-(6)-3, (d) ZnO–graphene-(10)-3 and (e)  ZnO–graphene-(15)-3.

composites (the samples are prepared by treating the appropri-

ate seeds in the same amount of growing solution containing

3 mmol  L−1 Zn(NO3)2·6H2O  and HMT). For example, the initial

absorbance of the MB solution is found to  be only 0.056 when

the sample of ZnO–graphene-(15)-3 is  used as catalyst. It can be

expected that the dye will be adsorbed completely with the con-

tent of graphene in the composite increasing further. Moreover, it

is interesting to find that the degradation rate of MB  also  increases

with the increment of the graphene content in the composites, for

example, it can reach to 100% only after 6 min  although the quantity

of the degradation MB  is  very low in the presence of ZnO–graphene-

(15)-3 under light irradiation. As seen from Fig. 5B, it is also found

that the Kapp for MB degradation increases with the increase of the

graphene content in the composites, which can be deduced that

the Kapp will get very large when most of the dye is  adsorbed by the

catalyst.

In this case, the value of Kapp obtained from pseudo first-

order kinetic will be not accurate when the concentration of the

substrates is lower than some extent because the pseudo first-

order kinetic requires one reactant more than ten times than the

other in the homogeneous reaction. Therefore, the influence of

the adsorption ability of the catalyst should be considered when

the adsorption ability of the composites is  high enough to elim-

inate most of the dyes since the kinetic constant is  determined

by measuring the concentration in the solution. So we  use a  cer-

tain amount of ZnO–graphene composites as catalyst to disperse in

the solution of MB (the absorbance of the solution of  MB  is mea-

sured initially), after the mixture has been stirred for 30 min  under

dark to get the adsorption equilibrium, then amount of  MB concen-

trated solution (1.0 mg  mL−1)  is added into the mixture to  make

the concentration of MB in  the solution maintaining a  range for

the photo-degradation. Thus, the degradation of the dye is carried

out in approximately the same conditions, so the true activity of

the catalyst can be reflected due to  excluding the influence of the

adsorption.

Using the modified method, it is  clearly found (Fig. 6A)  that the

Kapp value of MB  degradation increases with the increase of  the

content of graphene in the composites initially, while it decreases

with the increment of graphene content in the composites further

after the value of Kapp reaches to the maximum of  0.07176 min−1

for the sample of ZnO–graphene-(10)-1.which is prepared by using

ZnO–GO-(10) as the seeds in 1.0 mmol  L−1 growing solution. This

is because the black graphene in  the composites will increase the

light absorbing and scattering, leading to a  decrease of the photo-

catalytic activity of the composites when the graphene content is

too high [9].  Another reason is that the excessive graphene can act

as a  kind of recombination center to promote the recombination of

electron hole pair in  graphene [41].  The typical electron adsorption

spectra of the MB  after irradiating by  light for different time are

shown in  Fig.  6B, it is  clear that the absorbance of the MB  decreases

dramatically with the increment of the irradiation time. Further-

more, it is  found that the photo-degradation of MB in the presence

of ZnO–graphene-(10)-1.follows the first-order equation (inserted

figure in  Fig. 6B).

Using ZnO–GO-(10) as  seeds, the composites of ZnO–graphene-

(10)-m have been prepared in the growing solution containing

various concentrations of Zn(NO3)2·6H2O  and HMT, and used as

catalysts to degrade the MB.  It  is found that the photo-catalytic

activities of the composites (Fig. 7)  are obviously influenced by

the concentrations of the growing solution, which indicates that

the concentration of reactants in the growing solution can be used

to adjust the properties of ZnO–graphene during the process of

preparation. Combining the Figs. 6 and 7,  it can be found that

the ZnO–graphene exhibits the maximum Kapp when the seeds

of ZnO–GO-(10) are treated by the growing solution containing

1.0 mM reactants.

Fig. 6. The plot of Kapp versus ZnO–graphene composites prepared from different seeds of ZnO-GO-(n, n  = 2, 4,  6,  10 and 15) in 1 mM growing solution (A) and the adsorption

spectra of MB  during the photo-degradation with  ZnO–graphene (10)-1 (inserted figure: the  relationship between ln(C0/Ct)  and time) (B).
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Fig. 7. Effect of the ZnO–graphene composites prepared from different concen-

trations of reactants (Zn(NO3)2·6H2O and HMT) by using the same seeds of

ZnO–GO-(10).

Fig. 8. The influence of catalyst use number of times  on  activeness of photochemical

catalyst of ZnO–GO-(10)-1.

The cyclic properties of the catalyst are also measured in  50 mL

MB solution (20 mg  L−1) containing 30  mg  ZnO–GO-(10)-1.using

the similar method. Keeping the condition of photo-catalytic degra-

dation invariable, the identical catalyst is to  be used 1, 2, 3, 4, 5

times separately under the radiation of 50 min  each time. From the

results shown in Fig. 8,  changes of degradation rate are observed

from the relationship between the number of times of reuse and the

photodegradation rate. The experiments indicate that the compos-

ite of ZnO–GO-(10)-1.can still retain 85% activity for degradation of

MB after repeated uses of 5 times, indicating that it can be reused.

4. Conclusions

In summary, the nano-sized ZnO–graphene hybrids have been

prepared by combining the facile sol–gel and hydrothermal seeds-

growing methods. The photo-degradation of MB in the presence of

ZnO–graphene composites has been investigated by excluding the

adsorption of dye on the catalysts. Through controlling the con-

centration of reactant and the content of GO, it is found that the

preparation conditions have a  significant effect on photo-catalytic

properties of the composites. The ZnO–graphene prepared by using

1.0 mM growing solution to treat ZnO–GO-(10) seeds exhibits the

optimum activity. The obtained ZnO–graphene composites have a

potential application in  water purification.
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