
INTRODUCTION

Graphene is a single two-dimensional carbon sheet with

the same structure as the individual layers of graphite. This

carbon allotrope has attracted a great deal of interest in recent

years owing to its excellent electronic, capacitive and mecha-

nical properties, superior chemical stability and high specific

surface area1-10. Enormous scientific activity has been prompted

by its extraordinary electrical, themal and mechanical pro-

perties11-14. Graphene-based composites are a class of exciting

materials with many potential applications11,15.

The most interesting application of graphene, catalysis,

has been achieved due to the large-scale production of highly

conducting graphene sheets16-19. Graphene is an alternative to

other materials, such as carbon nanotubes(CNTs), activated

carbon, fullerenes20 because of its good conductivity, chemical

stability, large surface-to-volume ratio, suitable pore size

distribution and good capacitive performance, etc.16.

Zinc oxide is an n-type transparent semiconductor mate-

rial with a wide direct band gap and large exciton binding

energy of 3.37 eV and 60 meV at room temperature, respec-

tively. Moreover, it is stable to high energy radiation and wet

chemical etching21,22. Therefore, ZnO is becoming a desirable

material for many optoelectronic applications21, such as solar

cells, optical coatings, photo catalyst, electrical devices, anti-

bacterial coatings, active medium in UV semiconductor lasers
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and in gas sensors23-25. Although ZnO can absorb UV light

with a wavelength ≤ 385 nm, it is desirable for higher photo

catalytic efficiency and many practical applications that photo

catalysts, such as ZnO, absorb both UV and visible light because

visible light accounts for 42 % of energy in solar radiation

whereas UV light accounts for less than 6 %. Therefore, to absorb

visible light, the band gap of ZnO has to be modified or split

into several sub-gaps. This can be accomplished by implanting

transition metal ions or by doping with nitrogen23,26,27.

Heterogeneous photocatalysts can be applied to environ-

mental purification and converting photon energy into

chemical energy28-30. The rapid recombination of photo-gene-

rated charge carries is a major limitation to accomplishing high

photocatalytic efficiency. Recombination has faster kinetics

than surface redox reactions and decreases the quantum

efficiency of photocatalysts significantly. Consequently, it is

important to retard the recombination of the charge carriers to

improve the photocatalytic efficiency. Many studies have

attempted to solve the photocatalys is efficiency problem, i.e.,

the recombination of charge carriers by coupling the photo-

catalysts with other materials, such as noble metals28,31,32, semi-

conductors28,33,34, carbon nanotubes28,35, etc. The developed

conjugative structure material hybridized semiconductor as

efficient photocatalysts, such as C60
28,36,37, polyaniline28,38,39 and

graphite-like carbon28,40,41 has been studied frequently.
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In this study, graphene and ZnO nanocomposites were

synthesized using a physical method not a chemical method.

The photocatalytic properties of the heated and unheated

graphene-ZnO nanocomposites in the degradation of  three

different organic dyes viz., methylene blue (MB), methyl

orange (MO) and rhodamine B (RhB) were tested.

EXPERIMENTAL

Graphene was purchased from TEnano Tech. Zn(NO3)2·

6H2O, NaOH, tetrahydrofuran and ethanol were obtained from

Samchun Chemicals. The organic dyes (MB, MO and RhB)

were supplied by Sigma-Aldrich.

Zinc oxide was treated by ultrasonic irradiation using an

ultrasonic generator (UGI1200 Hanil Ultrasonic Co., Ltd.) with

a frequency 20 kHz and a nominal power of 750 W. The ultra-

sonic generator was a horn type system with a horn tip dia-

meter of 13 mm. An electric furnace (Ajeon Heating Industry

Co., Ltd.) was used to heat the sample. A UV lamp (8 W, 365

nm, 77202 Marne La Valee-cedex 1 France) was used as the

ultraviolet light irradiation source.

The surfaces of the unheated graphene, heated graphene,

unheated graphene-ZnO nanocomposites and heated graphene-

ZnO nanocomposites were observed by scanning electron

microscopy (Hitachi S4700) at an accelerating voltage of 0.5-

15 kV. The morphology and crystallite size of the samples

were examined by transmission electron microscopy (JEOL

Ltd, JEM-2010) at an acceleration voltage of 200 kV. The

structures of the nanomaterials were examined by X-ray

diffraction (Bruker, D8 Advance, Germany). UV-VIS spectro-

scopy of the samples was performed using a UV-VIS spectro-

meter (Shimazu UV-1601PC).

Synthesis of ZnO nanoparticles under ultrasonic

condition: In a typical experiment, 1.0 M of Zn(NO3)2·6H2O

and 10 M NaOH were dissolved in 6 mL of distilled water.

Subsequently, 15 mL of ethanol was added to each solution.

After mixing the two solutions in a beaker, the resulting

solution was exposed to ultrasonic irradiation for 45 min at

room temperature. At the end of the reaction, the above solution

was removed and the white precipitate at the bottom of the

beaker was washed with distilled water and ethanol and dried

at room temperature42.

Synthesis of graphene-ZnO nanocomposites: In a

typical experiment, the prepared graphene nanoparticles and

ZnO nanoparticles were mixed at a mass ratio of 1:1. The

mixture was dissolved in 10 mL of tetrahydrofuran with stirring

to produce the graphene-ZnO nanocomposites. The mixture

was then dried at room temperature.

Degradation of organic dyes with nanomaterials: The

catalytic activity of the unheated and heated graphene-ZnO

nanocomposites was examined using the organic dyes e.g.,

methylene blue, methyl orange and rodamine B. 10 mg

of each nanomaterial was dispersed in 10 mL of water

containing 0.01 mM of each organic dye solution. The

mixture solutions were irradiated with ultraviolet light at

365 nm for 5 min. The organic dyes degraded by each nano-

material under ultraviolet light were characterized by UV-visible

spectroscopy.

RESULTS AND DISCUSSION

Fig. 1 shows SEM images of the unheated graphene,

heated graphene, unheated graphene-ZnO nanocomposites and

heated graphene-ZnO nanocomposites. The unheated graphene

was observed as layer agglomerates with a plate shape [Fig.

1(a)]. Fig. 1(b) shows that the heated graphene nanoparticles

had a porous surface with a much smaller size than the unheated

graphene nanoparticles. The heated graphene nanoparticles

fragmented into smaller particles due to the heat treatment

which increased the surface porosity of the heated graphene

nanoparticles. The shape of the unheated graphene-ZnO

nanocomposites was a rod type [Fig. 1(c)]. The shape of the

graphene-ZnO nanocomposites changed from a rod type to

plate like type and clustered after heat treatment in an electric

furnace at 700 ºC for 2 h [Fig. 1(d)].

(a)

(b)

(c)
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(d)

Fig. 1. SEM images of (a) unheated graphene nanoparticles, (b) heated

graphene nanoparticles, (c) unheated graphene-ZnO nanocomposites

and (d) heated graphene-ZnO nanocomposites

Fig. 2 shows TEM images of the unheated graphene,

heated graphene, unheated graphene-ZnO nanocomposites and

heated graphene-ZnO nanocomposites. The unheated graphene

nanoparticles were observed as agglomerates. The size of the

heated graphene nanoparticles was smaller than the unheated

graphene nanoparticles [Fig. 2(a-b)]. In addition, the heated

graphene nanoparticles had a porous surface because of their

powder morphology [Fig. 2(b)]. Fig. 2(c) shows that the shape

of the unheated graphene-ZnO nanocomposites was a rod type

and the unheated graphene-ZnO nanocomposites had a large

diameter and agglomerated. The shape of graphene-ZnO nano-

composites changed from rod type to plate like type because

they had been heated in an electric furnace at 700 ºC for 2 h.

The heated graphene formed a powder with an increased surface

area. The diameter of the heated graphene-ZnO nanocompo-

sites was smaller than that of the unheated graphene-ZnO nano-

composites due to the decomposition of graphene crystallites.

Fig. 3 shows XRD patterns of the unheated graphene-

ZnO nanocomposites and heated graphene-ZnO nano-

composites. The locations of the peaks for the unheated and

heated nanocomposites were similar. In contrast, the intensity

of some peaks changed; the heated nanocomposites has more

intense peaks than the unheated nanocomposites due to the

higher purity after heat treatment at 700 ºC for 2 h. The XRD

(a)

(b)

(c)

(d)

Fig. 2. TEM images of (a) unheated graphene nanoparticles, (b) heated

graphene nanoparticles, (c) unheated graphene-ZnO nanocomposites

and (d) heated graphene-ZnO nanocomposites

patterns of the unheated and heated graphene-ZnO nano-

composites showed peaks at approximately 27.28, 31.76,

34.52, 36.32, 47.66, 56.54, 62.94, 68.10, 76.96 as a 2θ shown

in Fig. 3(a-b). The peaks for the unheated graphene-ZnO
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(a)

(b)

Fig. 3. XRD patterns of (a) unheated graphene-ZnO nanocomposites, and

(b) heated graphene-ZnO nanocomposites

nanocomposites showed higher intensity than those of the

unheated graphene-ZnO nanocomposites. The improved

crystallinity of the heated graphene-ZnO nanocomposites than

the unheated graphene-ZnO nanocomposites was attributed

to the heating process.

Fig. 4 shows UV-visible spectra of the degraded organic dyes

(MB, MO and RhB) with the unheated and heated graphene-

ZnO nanocomposite under ultra-violet irradiation at 365 nm

for 5 min. Fig. 4 (a) and (b) present the UV-VIS spectra of the

degradation of (a) MB, (b) MO, (c) RhB on the unheated and

heated graphene-ZnO nanocomposite, correspondingly. The

unheated and heated graphene-ZnO nanocomposites showed

more efficient photocatalytic activity for MB. Among the

organic dyes, all the nanocomposites showed the poorest photo-

catalytic activity for MO. In addition, the heated graphene-

ZnO nanocomposite showed better efficiency for the three

organic dyes than unheated graphene-ZnO nanocomposites.
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Fig. 4.1. UV-vis spectra of the degradation in (a) MB, (b) MO, (c) RhB of

unheated graphene-ZnO nanocomposites
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Fig. 4.2. UV-vis spectra of the degradation in (a) MB, (b) MO, (c) RhB of

heated graphene-ZnO nanocomposites

Conclusion

Graphene and ZnO nanocomposites were synthesized

using a physical method not a chemical method. The unheated

and heated graphene-ZnO nanocomposites were synthesized

as a photocatalyst for the degradation of MB, MO and RhB

under ultra-violet irradiation at 365 nm. The unheated and

heated graphene nanoparticles showed similar agglomerated

morphologies but the heated graphene had smaller particles

than unheated graphene. In addition, the heated graphene

nanoparticles showed a porous surface with a powdery

morphology. The shape of the graphene-ZnO nanocomposites

changed from rod type to plate like type after heating at 700 ºC

for 2 h. The heated nanomaterials showed higher surface

areas because their nanomaterials had decomposed at high

temperature. The heated graphene-ZnO nanocomposite had

better photocatalytic effects in the degradation of the organic

dyes under ultraviolet irradiation at 365 nm than the unheated

nanocomposites. Further studies of nanomaterials as photo-

catalysts for the decontamination of wastewater are currently

underway.
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