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Abstract 

The organic dye pollutants such as Congo red (CR) and Eosin yellow (EY) contaminate the water. Hence 

there is need to develop composite for removal of dyes. In this manuscript, we reported the reduced 

graphene oxide based zinc oxide (ZnO/RGO) nanocomposite (NC) was synthesized by simple and green 

hydrothermal method. As-prepared nanocomposite was characterized by XRD, FESEM, EDS, TGA, 

FTIR and UV-DRS to study its structure, morphology and thermal stability. As synthesized composite 

was executed excellent photocatalytic activity by the degradation of organic dye pollutants, CR and EY 

under visible light irradiation. The effect of pH, concentration dye solution and catalyst dose were 

studied to optimise. The optimised conditions for degradation of CR using ZnO/RGO composite are 

0.05g catalyst dose, pH-3 and initial concentration 10 ppm of dye solution. From these results, this 

composite served as benign photocatalyst for completely degraded CR in 120 min and EY in 100 min 

respectively. 

 

Keywords: ZnO/RGO nanocomposite, hydrothermal, photocatalytic, Congo red (CR) and Eosin yellow 

(EY) 

 

1. Introduction 

Due to rapid industrialization and urbanisation, modern technology causes water 

contamination. Especially, industries release various pollutants like organic dyes, pesticides 

and fungicides with effluents that are toxic, carcinogenic and hazardous to health. Therefore, 

development of a simple method for determination with high selectivity and sensitivity is very 

important in many fields [1, 2]. All kinds of methods have been developed. The advanced 

oxidation processes (AOPs) has most advantages such as simple, fast, low-cost, and portable 

which degrades dye solution into non-toxic compounds like CO2, H2O in the presence of light. 

Adsorptions of organic pollutants are a necessary condition for the oxidation of these 

substances to take place on the surface of photocatalysts [3]. Semiconductors like TiO2, CuO, 

Fe2O3, SnO2 and ZnO emerged as benign photocatalysts in AOPs. Recently metal oxides and 

their composites as heterogeneous photocatalysts have been reported [4, 6].  

Zinc oxide (ZnO) is a semiconductor with wide band gap of 3.37 eV and has been used 

considerably for its catalytic, electrical, optoelectronic, and photochemical properties. ZnO 

nanostructures have a great attention in catalytic reaction process due to their large surface 

area and high catalytic activity [7]. But, it has drawback in photocatalysis due to recombination 

of electron-hole pair is faster. In order to overcome this, additional material is essential to 

enhance this gap. Graphene oxide (GO) has great attention to researchers because of its 

properties and it slower the recombination of electron-hole pair [8]. 

In this paper, we report the hydrothermally preparation of ZnO/RGO nanocomposite for 

photocatalytic degradation of dyes like Congo red (CR) and Eosin yellow (EY) under visible 

light irradiation. 

 

2. Experimental section 

2.1 Materials  

Graphite flakes, sodium nitrate (NaNO3), potassium permanganate (KMnO4), hydrogen 

peroxide (H2O2), sulphuric acid (H2SO4), hydrochloric acid (HCl), zinc acetate  
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(Zn (CH3COO)2), sodium hydroxide (NaOH) were procured 

from Sigma Aldrich, India. Milli Q water was utilised 

throughout the synthesis. Congo red and eosin yellow dye 

stuffs were perceived from Hitech media, India. 

 

2.2 Synthesis of GO 

GO was synthesized by modified Hummer's method [9]. 

Initially, three grams of graphite flakes were sonicated for 30 

minutes prior to oxidation. The modified graphite residue was 

dried at 60 0C for 120 min. Then, sonicated graphite (1 g) and 

NaNO3 (0.5 g) were suspended in 69 ml concentrated 

sulphuric acid in an ice bath (to maintain temperature below 5 
0C) in a 500 ml round bottom flask under gentle magnetic 

stirring for 15 min. Then 3 g of KMnO4 was added 

continuously pinch by pinch by keeping the temperature of 

the solution did not exceed than 20 0C. Then, the ice bath was 

removed and stirred the solution at 35 0C under a reflux 

condenser for 3 hours. After that, 130 ml of distilled water 

was added and stirring continued for an additional one hour. 

Excess unreacted KMnO4 was removed by 10 ml of 30% 

H2O2. The complete removal of KMnO4 was indicated by a 

colour change from dark to yellow. As-prepared GO was 

carefully washed with deionized water three times and dried 

overnight in the oven at 70 0C.  

 

2.3 Synthesis of ZnO/RGO composite 

In typical synthesis, 10 mL of zinc acetate (0.1 M) solution 

and 10 mL NaOH aqueous solution were added to 50 mg GO 

under vigorous stirring for 30 min, and the slurry solutions 

were poured into Teflonlined autoclaves and hydrothermally 

heated at 180˚C for 24 h. The yield was washed with water 

then followed by ethanol, centrifuged and dried in oven at 

overnight. The same procedure was used for the synthesis of 

pure ZnO without adding of GO. 

 

2.4 Characterization 

The prepared catalysts were characterized using Powder X-

ray diffraction (XRD) (D8 Focus, Bruker instrument, 

Germany) with Cu Kα radiation (λ=1.5406 Ao), 2θ ranges 

from 10o to 90o with scanning speed of 0.02o S-1 to identify the 

crystalline phase of samples. Fourier Transform Infrared 

(FTIR) spectra were recorded on a FTIR analyzer. The 

samples were characterized on a Scanning Electron 

Microscope (SEM) with an acceleration voltage of 15 KeV. 

Energy Dispersive X-ray (EDS) spectroscopy was used to 

measure the elemental analysis of prepared sample. Thermo 

gravimetric Analysis (TGA) was carried out on a TGA 

instrument from room temperature to 800 °C at a heating rate 

of 10 °C min-1 in air. The band gap was calculated using UV-

visible absorption spectra from UV-DRS spectrophotometer 

(UV-2600R, Shimadzu, Japan). 

 

2.5 Evaluation of Photocatalytic activity 

The photocatalytic activities of the prepared catalysts were 

examined by the degradation of the Congo red (CR) dye (10 

mg/L) solution under visible light irradiation. All the 

reactions were performed at room temperature and normal 

atmospheric pressure. 50 mg of the catalyst was suspended in 

100 mL dye solution. Prior to irradiation, the system was 

placed in a total dark environment and magnetically stirred 

for 30 min until adsorption-desorption equilibrium was 

reached. Following this, the photocatalytic reaction was 

started by the exposure of visible light to the system. 5 mL of 

mixture solution was taken out at regular intervals and 

centrifuged to remove the catalyst and concentration of the 

dye was determined by using a UV-vis spectrophotometer. 

The photocatalytic activity of catalysts was measuring the 

absorbance spectra of dye solution. The degradation 

efficiency of photocatalytic reaction was calculated using 

equation (1) 

 

Degradation efficiency (DE%) =

C0 - Ct

C0

x 100 (1)

 
 

Where ‘C0’ are initial concentration or absorbance and ‘Ct’ 

after the photocatalytic reaction concentration or absorbance 

with various time‘t’. 

 

3. Results and Discussions 

3.1 XRD  

The XRD patterns of GO, ZnO, ZnO/RGO were shown in 

Fig.1. Fig.1 (b) shows diffraction peaks at 2θ = 10.6° 

corresponding to the (002) reflections of GO [10]. The XRD 

analysis (Fig 1(c)) shows that the main diffraction peaks of 

the ZnO/RGO composite similar to those of pure ZnO, 

indicating that the presence of RGO doesn’t result in the 

development of new crystal orientations or changes in 

preferential orientations of ZnO. No other diffraction peaks 

were observed in XRD spectra of ZnO/RGO composite, 

which may be due to relatively low diffraction intensity of 

RGO, which is similar to those reported in the literatures [11, 

12]. 

The average crystallite size of prepared samples was 

measured using Debye Scherer equation 2, declared that ZnO 

and ZnO/RGO composite formed in nano scale with 26.3 nm 

and 17.8 nm respectively. 

 

D= kλ/ β cos θ     Eq (2)  

 

Where k, λ, β and θ are the shape factor (0.9), wavelength 

(0.154 nm), full width at halh maximum (FWHM) and 

incident angle of the X-rays respectively. 

 

 
 

Fig 1: XRD patterns of a) ZnO, b) GO and c) ZnO/RGO 

 

3.2 FTIR analysis 

FTIR spectroscopy was used to investigation of existence of 

oxygen containing functionalities and changes after 

impregnation. In Fig 2 (a) shows GO FTIR spectrum, the 

observed peaks at 1717.5 cm-1 and 1586 cm-1 could be 

attributed to C=O group and aromatic C=C group, the 

hydroxyl (-OH) group exhibit broad band centred around 
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3235.5 cm-1 [13]. The FTIR spectrum of ZnO/RGO composite 

observed in Fig.2 (b), after hydrothermal treatment Fe-O 

characteristic stretching vibration peak at 514 cm−1 for metal 

oxide and reaming peaks C=O disappears and the peak 

intensity of O−H and C−O decreases, which indicates the 

removal of oxygen-containing functional groups and the 

partial reduction of GO, leading to the formation of reduced 

graphene oxide (RGO) in the composite [14, 15] which proved 

that ZnO was successfully anchored onto RGO layer. 

 

 
 

Fig 2: FTIR spectra of a) GO, b) ZnO and c) ZnO/RGO 

 
3.3 FESEM-EDS analysis 

Structure and morphological features of prepared samples 

were examined by Fourier emission scanning electron 

microscopy (FESEM) and the corresponding images are 

shown in Fig 3. Fig 3 (c) and (d) shows ZnO are well 

decorated on the surface of the RGO sheets. Here, by the 

introduction of ZnO, the RGO sheets are exfoliated and intact 

with the ZnO providing a composite material by hydrothermal 

synthesis. The prepared ZnO in composite showed smaller 

size than pure ZnO, this is due to interaction of positively 

charged sites Zn2+ which are attracted by RGO sheets renders 

many negatively charged sites [16].There is no free RGO on 

the prepared ZnO/RGO nanocomposite is prepared by 

hydrothermal which is best method for the formation of pure 

ZnO/RGO composite. The composition of the composite was 

determined using ED’s spectroscopy. The corresponding EDS 

spectra (Fig 3(e)) implied the presence of elements like zinc 

(Zn), oxygen (O) and carbon (C). The results expressed the 

Zn weight% in composite is decreased than in pure ZnO, is 

due to the incorporation of ZnO onto RGO sheets. No other 

elements were found from EDS analysis, was confirmed the 

formation of pure ZnO/RGO nanocomposite. The 

morphology and elemental analysis were in support of the 

XRD results which confirm the purity of composite structure. 

 

3.4 TGA analysis 

The TGA curves of ZnO/RGO composite are presented in Fig 

4. The sample was heated under air flow with the heating rate 

of 10o C/min. The loss of mass is between 100 to 250o C 

which is related to the evaporation of hydrate molecules in 

both ZnO and ZnO/RGO nanocomposite. A significant mass 

loss was observed at the temperature range between 370o C 

for this happened due to the pyrolysis of carbon skeleton [17] 

which confirms the reduction of GO into RGO. 

 

 
 

Fig 3: FESEM and EDS images of preparedsamples 
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Fig 4: TGA curves of a) ZnO and b) ZnO/RGO 

 

3.5 UV-DRS analysis 

Fig 5 shows the normalized UV-DRS spectra of pure ZnO and 

ZnO/RGO composite. The band gap energy (Eg) of the 

catalyst can be calculated using the following equation 3. 

 

Eg (eV) =
1240

     Eq (3) 

 

Where, Eg is band gap energy, λ is wavelength (nm) 

corresponding to the absorption edge. 

The ZnO/RGO shows band gap energy2.09eV (591 nm) 

whereas, in case of ZnO/RGO composite shows band gap 

energy 2.93eV (423 nm) [18]. The absorption edge of 

ZnO/RGO composite (591 nm) shifts to the more visible 

range and has higher absorption intensity than pure ZnO (423 

nm), due to exists an interaction Zn–O–C in ZnO/RGO 

composite. Thus, it can be confirmed that pure ZnO and 

synergizing with RGO was efficient for visible light response 

and enhancing the photocatalytic activity. 

 

 
 

Fig 5: UV-DRS spectra of a) ZnO and b) ZnO/RGO nanocomposite 

 

3.6 Photocatalytic degradation of CR using ZnO/RGO 

The prepared ZnO/RGO composite was executed its 

photocatalytic activity by the degradation of Congo red (CR) 

dye under visible light illumination. In order to optimise the 

conditions such as effect of pH, catalyst amount and dye 

concentration solution were also studied. 

3.6.1 Effect of pH of dye solution 

Effect of initial pH has been determined by varying initial pH 

solutions such as acid (pH-3), neutral (pH-7) and base (pH-

10) under kept constant such as catalyst dose of 0.05g and 

initial dye concentration, 5 ppm of CR carried out. From the 

results that we have observed there was a strong role of the 

pH of the solution in the heterogeneous photo process. At pH-

3, the maximum degradation percentage was noted than pH-7 

and 10 are shown in Fig 6. The degradation efficiencies of 

composite are 93, 51 and 37% at respective pH-3, 7 and 10. 

The Hydroxyl radicals (OH) produced so easily reacting with 

adsorbed molecules on the catalyst surface, hence the rate of 

degradation increases at pH-3. Previously, reported similar 

behaviour on the photo degradation of other dyes [19]. 

Moreover, when the pH is greater to pH-3, the degradation of 

CR further decreases, and becomes constant, might be due to 

the increase of more hydroxyl radicals and results in attraction 

with dye molecules, which will lead to high adsorption of dye 

molecules on the catalyst surface. Therefore, for better 

adsorption of the dye on the catalyst surface, the surface must 

be the pH-3 maintained for degradation of CR dye by 

ZnO/RGO composite. 

 

 
 

Fig 6: Effect of pH on degradation of CR dye 

 

3.6.2 Effect of Catalyst Dosage 

To study the effect of catalyst dosage on the degradation of 

CR, a series of experiments were conducted to get optimum 

catalyst loading by varying the selected catalyst dosage 

ranging from 0.05g to 0.05g at a fixed pH-3 and dye 

concentration (5 ppm) of CR aqueous solution. With the 

increase of catalyst dosage up to 0.05g rate of degradation 

increases, since the active surface becomes constant, the 

number of photons absorbed and the number of dye molecules 

adsorbed are increased with respect to an increase in the 

number of catalyst molecules. Beyond a certain number of 

catalyst dosage the dye molecules are not sufficient for 

adsorption by increased number of catalyst molecules. 

Therefore, overdose of catalyst powder is not effectively 

involved in the photocatalytic activity rather increase in the 

turbidity of the solution, which intercept the penetration of 

light transmission due to formation of agglomeration of the 

catalyst particles. Furthermore, it was explained with the 

previous literature [20-22].  
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Table 1: Effect of catalyst dosage on % degradation of CR 
 

Catalyst dose (g) 
(%) Percentage Degradation of CR Rate 

30 min 60 min 90 min 120 min mgL-1min-1 

0.05 67.33 80.19 90.11 93.06 2.5 

0.03 52.63 66.70 66.70 70.89 2.3 

0.02 26.03 44.39 57.22 67.14 1.20 

0.01 15.79 23.36 28.58 30.87 0.69 

 

 
 

Fig 7: Effect of catalyst dosage on% degradation of CR 

 

3.6.3 Effect of dye initial concentration 

The effect of initial CR concentration on degradation using 

ZnO/RGO nanocomposite is illustrated in Table 2 and Fig8. 

The influence of initial concentration of CR on the rate 

degradation was studied from 5 ppm to 25 ppm at a fixed 

dosage of selected photo catalyst (0.05g) using a solution of 

pH-3. Increasing of photocatalytic degradation occurred with 

an increase in the concentration of dye up to 25 ppm, and 

degradation decrease after increasing of excess dye 

concentration. This may be attributed to the fact that as the 

concentration of the dye increase, more dye concentration will 

be available for excitation and energy transfer [9, 23] which 

increases the percentage of degradation, but above the limit 

due to the fact that at the higher concentration dye start 

covering the active surface of photocatalyst as blanket and 

intercepting from light intensity [24] that decreases 

degradation.  

 

Table 2: Effect of dye concentration on% degradation of CR by ZnO/RGO 
 

Dye Concentration (ppm) 
(%) Percentage Degradation of CR Rate order 

30 min 60 min 90 min mgL-1min-1 

5 46.71 77.82 91 2.833 

10 78.17 92.13 98 2.9636 

15 47.88 71.39 83 1.8961 

20 30.08 41.41 48 1.3818 

25 9.33 28.36 30 0.0366 

 

 
 

Fig 8: Effect of initial dye concentration on% degradation of CR 

The simulated visible light photoreaction of the CR dye 

solution with the selected nanocomposite shows relatively 

satisfactory results. But in the absence of nanocomposite, no 

dye degradation observed. These rate values indicate the rate 

of degradation of CR in acidic medium. The optimised 

conditions for degradation of CR using ZnO/RGO composite 

are 0.05g catalyst dose, pH-3 and initial concentration 10 ppm 

of dye solution. 

 

3.6.4 Photocatalytic degradation of Eosin Yellow (EY) 

Based on the results of photodegradation of CR dye, this 

composite was tested on another dye, eosin yellow (EY). The 

photocatalytic degradation of EY by pure ZnO and ZnO/RGO 

composite was also studied under visible light irradiation. 

Initially, ZnO was degraded EY for 120 min; it shows little 

photocatalytic activity nearly 31%. Then, we attempted with 

ZnO/RGO composite (50 mg) for degradation of EY solution 

of both acidic (pH-4) for 120 min and basic (pH-10) for 90 

min were shown in Fig 9. The experimental results declared 
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that this composite shown better photocatalytic activity in 

basic solution of EY (98%) than in acidic nature (57%).The 

maximum absorption of EY dye solution (519nm) undergoes 

colourless when irradiate with ZnO/RGO composite in the 

presence of visible light. The optimised conditions for 

degradation of EY by ZnO/RGO composite are 0.05g catalyst 

dose, pH-10 and initial concentration 10 ppm of dye solution. 

 

 
 

Fig 9: Photodegradation of EY using ZnO/RGO 

 

The possible mechanism of photocatalysis was illustrated in 

Fig 10. Initially, composite was irradiated with light then the 

electron jumps from VB and forms holes (h+) to CB then 

forms electron (e-). The h+ and e- are reactive species with 

water molecule and form. OH and. O2
- radicals, which are 

interacts with dye molecules on composite surface and finally 

converted into degradation products like CO2 and H2O (Eq4-

7) [23, 24]. 

 

ZnO/RGO + light h+ + e-

 Eq (4) 

H2O + h+ .OH    (5) 

H2O + e- .O2
-

    (6) 

 

ZnO/RGO (h+ + e-) CO2 +H2OEq (7) 

 

 
 

Fig 10: Photocatalytic degradation of dyes using ZnO/RGO 

composite 

 

The synthesized reduced graphene based zinc oxide 

nanocomposite shown better photocatalytic activity is due to 

increases the number of impurity energy levels between the 

valence band and conduction band which helps for generation 

of more electron-hole pairs, decrease recombination of photo 

generated holes and electrons by reduced graphene oxide [9, 23, 

24] to eliminate the harmful effect of defect bands.  

 

4. Conclusion 

In this paper, we discussed the hydrothermal synthesis of 

ZnO/RGO nanocomposite. The structure, morphology and 

thermal studies of synthesized ZnO/RGO nanocomposite 

using various instrumental techniques. The photocatalytic 

activity of as prepared ZnO/RGO composite was tested using 

the degradation of CR and EY dyes. With the comparison of 

ZnO experimental results, ZnO/RGO nanocomposite shows 

excellent photocatalytic activity under visible light irradiation. 
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