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Abstract 

The potential of a novel photocatalyst graphene-ZnO (G-ZnO) obtained from graphene oxide and zinc acetate dihydrate was 

investigated for the reduction of heavy metal Cr(VI) ions from water. In which ZnO nanocubic crystals were finely doped on 

the graphene sheets, was well done by facile wet chemical/reflux method under N2 atmosphere. Due to hindered nature of 

photo-generated electron-hole pair recombination and enhanced light absorption shows efficient photocatalytic performance 

of G-ZnO nanocomposites (NCs) in the reduction of Cr(VI) ions with a degradation rate of 98% under daylight illumination 

as related with bare ZnO (42%), graphene oxide (GO) (19%) and mechanical mixture GO+ZnO (62%). The overall results 

demonstrated that the photocatalyst used in this study, is promising, efficient and economical when used to separate heavy 

metal ions from water. Copyright © 2017 VBRI Press. 
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Introduction 

Water purification/technology, photocatalysis is a 

promising approach for the elimination of unfavorable 

organic compounds, waste water treatment of inorganic 

pollutants and can also be applied to the removal of air 

pollutants in an enclosed environment [1]. The heavy 

metals are well known water pollutants, which are highly 

toxic, non-ecofriendly and resistant to direct degradation 

or reduction by day-light driven and are consequently 

classified as importunate pollutants [2]. The release and 

subsequent accumulation of these toxic compounds in 

aquatic media create extreme risk to the environment. 

Chromium (Cr) species are produced by different 

industrial routes like dyeing, printing, tanning and 

electroplating. Even though both chromium species are 

toxic in nature. Environmentally stable oxidation state of 

Cr(III) is harmless, non-toxic in nature, not having 

mobility property and also easily isolated from water as 

compared with Cr(VI) ion [3, 4]. For the reason that, lots 

of scientists have concentrated on Cr(VI) removal from 

water. The most current, efficient and economical method 

to remove heavy metals by photocatalytic degradation 

using day-light driven in the presence of an appropriate 

photocatalyst that is able to promote the reduction of toxic 

metals to favorable byproducts.  

Graphene has high chemical stability and versatile 

platform for photocatalysis due to specific surface area 

(2630 m2/g), excellent electrical conductivity and 

outstanding optical   transmittance [5].  At  present  major  

 

 

problems affecting the mankind are energy crisis and 

environmental problems. The potential solution of these 

problems is utilization of solar energy for photocatalytic 

degradation using suitable semiconducting photocatalysts. 

In the process of photocatalysis, graphene to enhancing 

the separation and exchange of photo-generated charge 

carriers from semiconductors [6, 7]. Many researchers 

have synthesized a number of graphene-supported 

semiconductors such as graphene-ZnO, graphene-

CdS/ZnO, graphene-TiO2, RGO-αFe2O3 nanorod and 

Au/graphene nanocomposite for the removal of water 

pollutants as organic and inorganic to enhance its catalytic 

activity [8-14]. On the other hand, reusability of catalysts 

for further use is crucial problem. Therefore, researchers 

have tried to improve distinguishable nanocmoposite/ 

nanoparticles for reduction of heavy metal ions to 

overcome this tricky. Hybridization of graphitic materials 

with ZnO offers the efficient photocatalytic activity     

[15, 16]. Compared some other semiconductor oxides, 

ZnO with the band gap of 3.3 eV, is being widely used as 

an effective and non-toxic photocatalyst. ZnO, which is 

inexpensive and stable under ambient conditions, may be 

an ideal compound for use in clean technology. 

Additionally, due to its outstanding characteristics and 

suitable band gap, ZnO is identified as one of the best 

photocatalytic materials [17, 18].   

But to the best of our knowledge, only a few reports 

exist on unmodified and co-catalyst-free graphene-ZnO 

nanostructures for Cr(VI) reduction. For example, Liu et 

mailto:anreddyphd@gmail.com


 

Research Article 2017, 8(3), 303-308 Advanced Materials Letters 
 

 
Copyright © 2017 VBRI Press  304 
 

al., demonstrated the photocatalytic reduction of Cr(VI) 

using ZnO-graphene photocatalyst under UV light 

illumination [19, 20]. In addition to that nanostructured 

materials are promising for effective utilization of solar 

energy for photocatalytic degradation due to their 

nanostructured properties, high quantum yield, efficient 

electron-hole properties, etc. Wang et al., explored the 

high photocatalytic degradation of dyes and Cr(VI)  

by  Graphene-CNTs-TiO2 composites under UV-light 

irradiation [21]. The present study exploits the preparation 

of photocatalyst graphene-ZnO (G-ZnO) by wet 

chemical/reflux method for synergetic enhanced of 

photocatalytic reduction of Cr(VI) from water under 

daylight driven as related with GO, ZnO, mechanical 

mixture GO+ZnO and also calculated re-usability of 

photocatalyst. 

 

Experimental 

Synthesis of graphite oxide 

Modified Hummers method was suitable procedure for 

synthesis of graphite oxide from graphite [22], about 5g 

of graphite was mixed to 115 mL of concentrated H2SO4 

(98%) in an ice bath with magnetically stirring for 30 

min. A 15 g of KMnO4 was mixed little by little to the 

above dispersion with constant magnetic stirring and 

cooling for 30 min. Then, 2.5 g of NaNO3 was added with 

nonstop magnetic stirring at 30 oC for 1 hour. Below  

15 oC temperature should be maintained at the time of 

mixing. The temperature of the reaction mixture then 

increased to 40 oC with water bath and magnetic stirring 

of this suspension should be done constantly for 30 min. 

Then, the mixture was diluted by approx. one liter of 

double distilled water, the temperature of which then 

increased to 98 oC. Hydrogen peroxide (30%) was mixed 

to the reaction mixture and the mixture turned from black 

to yellow colour. Until the arrival of reaction mixture at 

pH=7 and it was washed under centrifugation for several 

times with 1M HCl (5%) and again with double distilled 

water. Graphite oxide was obtained by drying the product 

in vacuum oven at 60 oC for overnight.  

 

Synthesis of graphene-ZnO NCs 

The graphene-ZnO (G-ZnO) NCs were produced by wet 

chemical method [23]; the graphite oxide was dissolved in 

ethanol (0.002 g/L) and water bath sonicated to get 

graphene oxide suspension for 1 h. The suspension was 

stable for several months with no precipitation and then 

zinc acetate dihydrate (0.880 g) was dissolved in 0.40 L 

of ethanol was added under magnetic stirring for the 

production of G-ZnO mixture. NaOH solution was added 

to the reaction mixture and its pH value was move to 9.0. 

It should be stirred continuously up to 30 min. 

Afterwards, the reaction of mixture was allowed at 140 oC 

under N2 atmosphere for 24 h. Ethanol was used to the 

prepared composites on first on first basis, it is washed 

and centrifuged. Double distilled water was added to it 

and washed it for several times and then this final material 

was dried at 60 °C for overnight. The synthetic procedure 

was shown in (Fig. 1). 

 

Photocatalytic activity studies 

Photocatalytic experiments were conducted under day-

light driven in sunny days between 11.30 AM and 2.30 

PM. In this typical process, prepared 0.03 g of 

photocatalyst was added to 0.30 L Cr(VI) aqueous 

solution with a concentration of 0.014 g/L in a glass 

 

Fig.1. Scheme illustration of the preparation procedure of G-ZnO nanocomposite. 
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beaker. To attain excellent equilibrium of absorption and 

desorption between G-ZnO and heavy metal ions Cr(VI) 

by placing in ultra-sonic water bath for 5 min and then 

stirred at room temperature for 1h. 3 mL of the 

suspension was taken to the equilibrium position to find 

first concentration of Cr(VI) solution, which was denoted 

as base concentration C0. Subsequently this mixed 

suspension is exposed to day-light, which light intensity 

was approximately one lakh lux, calculated by TESLA 

lux meter, for 60 min and 3 mL of the sample has to be 

taken in sample vials for every 10, 20, 30, 40, 50 and 60 

min. After exposing to day-light, immediately isolated to 

any suspended material by centrifugation method. The 

UV-visible spectrum of the supernatant was noted by UV-

visible spectrometer to calculate the concentration of 

heavy metal Cr(VI) at optical absorption at 365 nm, 

which designated as Ct. The absorbance at maximum 

wavelength (λmax) of Cr(VI) pollutant (372 nm) was 

determined by UV-Vis spectrophotometer. 

 

Results and Discussion 

XRD is a very important experimental technique has been 

used to determine the crystal structure of; solids, 

including lattice constants and geometry, identification of 

unknown materials, orientation of single crystals, 

preferred orientation of poly-crystals, defects, stresses, 

etc. The unknown crystal structure of the materials can be 

identified by matching with standard diffraction pattern of 

the similar with JCPDS data as reference. From (Fig. 2 

left a) exhibits sharp crystalline peaks at 26.46° and 9.92° 

which represents the graphite and graphite oxide 

respectively. Finally, analyzed ZnO  crystalline peaks 

consisted with G-ZnO composite was found at 31.73, 

34.37, 36.21, 47.48, 56.53,62.77, 66.30, 67.86, 69.00, 

72.46, and 76.86° are indicated  to (100), (002), (101), 

(102), (110), (103), (200), (112), (201), (004) and (202) 

respectively (JCPDS number 89-1397). The broader peak 

at 13° was noticed in the nanohybrid material (G-ZnO), 

which is equivalent to the diffraction patterns of graphene 

[24]. 

 

 

Fig.2. (Left)Typical P-XRD patterns of (a) G-ZnO (b) Commercial ZnO 

(c) Graphite Oxide and (d) Graphite and (right) Raman spectra of  

(a) G-ZnO composite (b) Commercial ZnO (c) Graphite Oxide and  
(d) Graphite photocatalysts.   

The presence of both graphitic carbon and ZnO NPs 

can be deep-rooted from the Raman spectroscopy. From 

(Fig. 2 right b) clearly expressed the D and G bands at 

1361 cm-1 and 1607 cm-1, which corresponds to graphene. 

Peaks at 342, 452, 583 and 1149 Cm-1 were assigned to 

the ZnO [25]. The intensity of these peaks was reduced in 

NCs as similar to that in ZnO due to the intercalations of 

the ZnO and graphene sheets. 

 

 
 
Fig.3. (a) FESEM images (b) N2 adsorption-desorption, (c) EDAX 

studies (d) TEM (e and f) HRTEM images (inside SAED pattern of 

corresponding Graphene and ZnO) of G-ZnO nanocomposite. 

  

The surface morphology of the synthesized G-ZnO NCs 

was measured by FESEM images as shown in 

(Fig. 3a). From the SEM images it is unambiguous that 

the morphology of intercalated NCs particles are really in 

nano size and it shows the graceless morphology due to 

the aggregation of particles in the solution while 

synthesis. If one can observe in depth we found that some 

of the places there is voids are observed, which are the 

responsible for the adsorption of Cr(VI) as well as 

photocatalytic performance of the final product. One can 

logically argue that these voids definitely because of the 

layered structure of graphene some of the voids are 

blocked because of anchoring of metal oxide 

nanoparticles into the free voids due to inhomogeneous 

distribution of metal oxide nanoparticles we can see some 

of the free voids in the SEM images. 

N2 adsorption-desorption isotherms of GO and  

G-ZnO NCs were shown in (Fig. 3b). It reveals that 

synthesized photocatalyst having both adsorption and 

desorption property.  In general, the surface area of the 

catalyst is the most important factor in influencing the 

catalytic activity. Surface area of G-ZnO (158.0 m2 g-1) 

was lower than that of GO (186.5 m2 g-1) due to the high 

density and low surface area of ZnO cubes, which is 

beneficial towards enhancing photocatalytic activity.  Zn, 

O, C and Cu elements were appeared in EDAX spectrum 

for concluding the G-ZnO composite as shown in  

(Fig. 3c). Cu element was looked in EDAX spectrum due 

to copper mesh substrate was used in HRTEM.  
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TEM images of the sample were recorded by pre-

sonicating the sample in ethanol for 3 h for well 

distribution of particles, then after one drop of the sample 

drop casted on carbon coated TEM copper Grids 200 

mesh at 200 kV. From the TEM images (Fig. 3d) it is 

lucid that there are two types of morphological 

observations found, one is accounted for graphene another 

one is ZnO nanoparticles. Graphene in the hexagonal 

arrangement whereas ZnO in cubic morphology. Both are 

in a luminous type and are in nanometer range around the 

10-15 nm size. 

In HRTEM we observed springes on the both layers 

when focused on them individually, where as in case of 

graphene which is in hexagonal arrangement shows this, 

whereas ZnO also shows springes which are in cubic form 

as shown in (Fig. 3e). HRTEM images of ZnO clearly 

identified the cubic arrangement as shown in (Fig. 3f) and 

also graphene observed the hexagonal arrangement. 

Moreover, their good crystallinity was verified by the 

SAED pattern as shown in (Fig. 3 inside e and f). The 

density of ZnO nanocubes on graphene is higher, which is 

very essential for photocatalytic activity of catalyst. 

X-ray photoelectron spectroscopy (XPS) was utilized to 

analyze the surface chemical composition of the pristine 

and nanocomposite materials. Fortuitous carbon at a 

binding energy of 284.6 eV was used to get data through 

calibration. Except Zn, O and C, none elements were 

observed by composite of XPS analysis spectrum was 

shown in (Fig. 4a). Peaks at 1022.7 and 1045.7 eV 

indicated the Zn 2p3/2 and Zn 2p1/2 orbitals respectively 

were shown in (Fig. 4b). Two dissimilar kinds of peaks 

showed by oxygen species at 530.9 and 532.3 eV, which 

represents the ZnO lattice of oxygen and surface 

chemisorbed oxygen respectively, were shown in  

(Fig. 4c). C 1s exhibited three peaks at 285.0, 286.2 and 

289.1 eV due to C-C (Sp2), C=O and C=C of graphene 

respectively were shown in (Fig. 4d) [26].  

 

 

Fig. 4. (a) XPS analysis spectra (b) high resolution spectra of Zn 2p 
region (c) O 1s region (d) C 1s region for G-ZnO nanocomposite and 

(e) PL spectra of ZnO and G-ZnO with excitation wavelength of  

325 nm. 

The photoluminescence (PL) emission spectra can be 

used to investigate the fate of photo-generated electrons 

and holes in a semiconductor, since PL emission results 

from the recombination of free carriers. PL emission 

spectrum is useful to disclose the efficiency of charge 

carrier trapping, immigration, and transfer.  In (Fig. 4e) 

shows the G-ZnO peak intensity lower the ZnO peak due 

to graphene to enhancing the separation and exchange of 

photogenerated charge carriers from semiconductors. 

 

 
 
Fig. 5. (a) Comparison studies of dark, GO, ZnO, mechanical mixture 

GO+ZnO and G-ZnO at 14 mgL-1 concentration of Cr(VI) solution  
(b) (c) UV-Vis absorbance spectrums of photocatalytic reduction of 

Cr(VI) (d) re-stability of G-ZnO by investigating its photocatalytic 

activity under solar light irradiation with three times of cycling uses. 
 

To illustrate the synergetic enhance of photocatalytic 

performance of G-ZnO NCs toward a heavy metal Cr(VI) 

ions, the daylight driven photocatalytic reduction of 

Cr(VI) in water was carried out at regular time intervals. 

The absorption of these solutions diminished steadily with 

illumination time. The typical absorption of heavy metal 

Cr(VI) nearly vanished and yellow colour of the Cr(VI) 

solution was  transferred  steadily to colourless for 1h.  

Photodegradation of Cr(VI) with G-ZnO NCs was shown 

in the (Fig. 5a). G-ZnO photocatalyst did not be degraded 

the Cr(VI) under the dark situation. At concentration 

0.014 g/L of Cr(VI) degradation was 98%, which shows 

the G-ZnO NCs was an excellent photocatalyst. The 

degradation rate of Cr(VI)  of ZnO was 42%, graphite 

oxide was 15% and mechanical mixing of GO+ZnO was 

62%. The G-ZnO NCs has higher photocatalytic activity 

performance than others such as bare ZnO, GO and 

mechanical mixture of GO+ZnO. The typical absorption 

intensity of peak for the potassium dichromate diminished 

slowly with increasing time due to reduction of Cr(VI) 

ions as shown in (Fig. 5 b and c). 

Recycling of the catalyst is the very crucial factor to 

decide the sustainability of the photocatalyst.  After 

completion of the photocatalysis process, the recyclability 

test was estimate the skill of the catalyst and we found 

that the G-ZnO NCs shall be reused again and again to 

achieve reduction of Cr(VI). After degradation, separation 

of the photocatalyst was done by simple washed several 
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times with distilled water and dried in a hot air oven at   

80 oC for 60 min.  At that time, fresh Cr(VI) solution was 

mixed with the photocatalyst and degradation technique 

was explored under day-light driven. No significant 

change of photocatalytic activity of G-ZnO NCs was 

observed up to three cycles. Conversely, trivial loss of 

catalytic activity was found due to unavailability of the 

active surface site on the G-ZnO NCs surface in each 

cycle [27-29]. In the first cycle 98 % of Cr(VI) reduction 

efficiency was noticed. After three cycles, reduction 

efficiency extended up to 92% for Cr(VI) ions. So, G-

ZnO nanocomposite shows tremendous reusability for 

reduction of these Cr(VI) ions as shown in the (Fig. 5d). 

In general, a sensitized photocatalytic oxidation process 

is one in which a semiconductor upon absorption of a 

photon of suitable energy can act as a photocatalytic 

substrate by producing highly reactive radicals that can 

reduce inorganic compounds. By applying the daylight on 

NCs, ZnO surface formed electron-hole pairs and these 

generated photo electrons transferred into graphene sheet 

due to strongly contact on the   surface of the ZnO cubes. 

Effective charge separation was keep up on NCs because 

graphene act as electron acceptor [30-36]. Dissolved 

oxygen species reacts with trapped electrons of graphene 

to produce reactive oxygen species, which leads to 

diminish the electron-hole recombination rate between the 

graphene and ZnO. Moreover, ZnO surface containing 

electrons also reacts with dissolved oxygen to get reactive 

oxygen species. Finally, produces hydroxyl (●OH) free 

radicals due to reacts with water and reactive oxygen 

species. These hydroxyl free radicals were reacting with 

the contaminant present in the water and degraded as 

shown in (Fig. 6) [37-42]. In the photocatalytic reduction 

process, the electrons generated at the conduction band 

helps in the reduction of Cr(VI) to non-toxic Cr(III) [47-

49]. The reaction mechanism was shown in below: 

 

 
 

Conclusion 

A simple and effective method was established to prepare 

G-ZnO photocatalyst by using graphene and ZnO. 

Excellent circulated ZnO nanocubes with an average size 

ranged between 10-15 nm were deposited on graphene via 

the wet chemical method. G-ZnO nanocomposite 

effectively reduces mutagenic aqueous solution of Cr(VI) 

to non-toxic aqueous solution of Cr(III) under  natural 

daylight driven. The re-stability of the composite was 

analyzed. Graphene based composite materials indication 

good-looking environmental applications such as toxic 

pollutants removal in terms of their cheap cost, simple 

handling and high degradation performance. Hence, 

photocatalytic reduction using G-ZnO nanocomposite is a 

most suitable, suitable and low cost effective technique 

for further treatment of industrial wastewater. 

 

 
 
Fig. 6. Proposed reaction mechanism of Cr(VI) reduction by G-ZnO 

nanocomposite. 
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