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1. Abstract- In this study, porous nanostructured ZnO-CuO photocatalyst was successfully 
prepared. Samples were fabricated through a simple one-step brass anodizing method in 

alkaline aqueous solution (0.1 M NaOH and 0.025 M NH4Cl). The process was taken place 

under the constant voltage (12 V), room temperature and, at different time of 30 

minutes. The as-prepared sample were characterized by X-ray diffraction (XRD), field 

emission electron microscope (FESEM) and energy dispersive spectroscopy (EDS). XRD 

results confirm the existence of copper oxide (CuO) and zinc oxide (ZnO) with average 

crystallite sizes of 300 and 47 nm, respectively. The EDS results shows that the ZnO-

CuO atomic percentage ratio is about 0.2. The FESEM result reveals that CuO has a 

flake like structure and ZnO has a rosette like structure and finally photocatalys 

analysis under visible light irradiation revealed that more than 40% of MB dye can be 

degraded after 5 hours. 
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1. Introduction 

By increasing excessive environmental 

contamination, especially water pollution, 

environmental researches are increasingly 

performed to reduce or eliminate these 

contaminants to keep the planet healthier 

and safer. Especially, toxic organics or 

low biodegradable pigments resulting from 

various industries release into water 

resources and cause severe environmental 

and human damages [1]. Using particular 

semiconductors such as photocatalyst 

materials for degradation of organic dyes 

is one of the promising methods; as it is 

inexpensive and easy to handle [2]. 

Cuprous oxide (Cu2O) and cupric oxide (CuO) 

are two stable phases of copper oxide with 

2.17 eV and 1.4 eV band gap energy, 

respectively. Due to the narrow band gap 

energy, nontoxicity, availability and low 

cost, Cu2O and CuO are considered as 

photocatalytic materials under solar 

radiation [3]. Zinc oxide (ZnO) as an 

important n-type semi-conductor material 

has obtained special attention for 

applying as an effective photocatalyst 

material, due to its easy controlling 

morphology, nontoxic and wide band gap 

energy (3.37 eV) [4]. Formation of CuO-ZnO 

nanocomposite as a heterojunction semi-

conductor has two noticeable advantages. 

First, wide band gap energy of zinc oxide 

and narrow band gap of copper oxide that 

indicates photo-response over the wide 

range of UV to visible light. Second, the 

electronic field is built near the 

interface of the heterojunction, the 

photogenerated electron-hole pairs would 

be effectively separated, indicationg that 

more charge carriers can take part in the 

photocatalytic reactions [5]. Previous 

studies reported fabrication of zinc oxide 

and copper oxide together with different 

methods such as electrochemical 

deposition, chemical vapor deposition, 

spin coating and anodizing. Among all 

these methods anodizing has tremendous 

cost and time efficiency for preparing 

photocatalitic materials. The aim of this 

study is to synthesis CuO-ZnO 

nanocomposite for photocatalysis 

applications by a simple one-step brass 

anodizing under optimized parameters . 

1. Experimental 

Brass foil with thickness of 5 mm was cut 

in 4.5 × 2.6 cm. samples were polished to 

prepare smooth surface and remove surface 

oxides and pollutants. After that, samples 

were sonicated in ethanol for 10 minutes 

then washed with deionized water. 0.1 

molar NaOH (Merck > 99.0%) and 0.025 molar 

NH4Cl (Merck > 99.0%) were dissolved in 

deionized water (DI) to prepare the 

electrolyte. Anodizing process was 

conducted in 0.1 M NaOH and 0.025 M NH4Cl 

electrolyte, stainless steel as the 

counter electrode and the brass sample as 

working electrode at room temperature (25 

°C) under constant applied voltage (12 V) 

and constant stirring speed for 15 and 30 

minutes. Phase and structure were 

investigated by x-ray diffraction with Cu 

Kα radiation.  

The morphology of the CuO-ZnO 

nanocomposite structure was characterized 

by FESEM (Hitachi S4160, Japan). To 

investigate the photocatalytic performance 

of the synthesized plate, photocatalyst 

test was carried out. The synthesized 

photocatalyst was immersed into 50 ml 

methylene blue (MB) with an initial 

concentration of 2 ppm under 150 W visible 

light (OSRAM, Germany) with UV filter. 

First, the MB suspension containing the 

photocatalyst was stirred in dark for an 

hour to get to the equilibrium for 

absorption and desorption of the dye 

molecules to the surface of the 

photocatalyst. Every 30 minutes 2 ml of 

the solution was taken to determine the 

concentration of MB by UV-Vis Unico 2100 

spectrophotometer. The characteristic 

absorption peaks of MB were seen around 

664 nm. 

2. Results and discussion  

2.1 XRD analysis 

The XRD pattern of synthesized plates 

after 30 minutes anodizing time is shown 

in Fig. 1. In this pattern, there are 

several peaks attributed to CuO and ZnO 

and also the brass alloy as the substrate. 

During brass oxidation and based on the 

reduction potentials in this 

electrochemical system zinc has higher 

tendency to be oxidized than copper [6]. 

Therefore, during brass anodization zinc 

oxide is formed first, followed by copper 

oxide. The oxidation mechanism of brass 

occurred by following equation [2,7]: 
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The brass oxidation mechanism may be 

interpreted by dissolution chemistry of zinc 

and copper. Besides, the oxidation potential 

of zinc in brass is more positive than that 

of pure zinc. After zinc oxidization, copper 

is oxided to Cu(I) oxide followed by further 

oxidation to Cu(II) [8]. 

  

Figure 1. XRD pattern of synthesised 

samples after 30- and 15-minutes 

anodizing time at 12 V and 0.1 M NaOH + 

0.025 M NH4Cl. 

2.2 Morphology analysis  

Figs. 2 (a) shows the FESEM image of brass 

alloy. Before applying anodizing there is 

no specific formation of CuO and ZnO. Fig. 

2 (b) shows synthesized sample after 30 

minutes anodizing time in 0.1 M NaOH + 

0.025 M NH4Cl. Fig. 2 (b) shows the 

formation of nanohexagonal plate like 

structure. After 30 min anodizing, anodic 

ZnO layer is composed of bulk-like 

morphology. For 30 minutes of anodizing 

duration rosette like nanostructure ZnO 

with average diameter of 47 nm formed 

beside flake like CuO.  Nano porous surface 

created by formation of CuO and ZnO has an 

excellent effect on photocatalyst 

performance. [7] 

Fig. 3 shows the EDS map distribution of 

elements for the synthesized composite 

films after 30 minutes. The successful 

formation of CuO and ZnO was also confirmed 

through EDS spectra. It can be seen that 

the CuO-ZnO atomic percentage ratio is 

about 0.2. This is confirmed by previous 

studied that oxidation of brass started 

with oxidation of Zn +2 and then complete 

oxidation of Cu+2 [10]. 

 

Figure 2. FESEM images of (a) brass alloy 

(b) synthesized photocatalyst for 30 

minutes anodizing. 

Figure 3. EDS map of synthesised samples 

for 30 minutes anodizing. 

3. Photocatalytic activity 

Fig. 4 illustrate the photodegradation of 

MB using prepared photocatalyst after 30 

min. Degradation rate (W) was calculated 

using the following equation [4]: 

0%   /     (5)W C C
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where C0 is the concentration of MB before 

illumination and C is the concentration 

after irradiation time.                                                        

It can be realized that more than 40% of 

MB dye can be degraded after 5 hours. The 

photocatalytic degradation mechanism is 

explained by the following equation [10]:  

2 2

( ) / ( ) ( ) / ( )
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(7)
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Under visible light irradiation CuO can be 

excited to form the electron-hole pairs. 

The generated electrons probably react 

with dissolved oxygen molecules and 

produce oxygen peroxide and O2•− to 

decompose organic pollutant [8]. The 

oxidation of organic pollutants was 

conducted by the reaction of these 

oxidative species and the MB molecules 

were mineralized to harmless CO2 and H2O 

and the concentration of MB decreases. 

 

Figure 4. Photocatalytic performance of 

synthesized sample. 

4. Conclusions 

In this work, CuO-ZnO nano-photocatalyst 

has been synthesized via simple one step 

anodizing oxidation of brass. XRD result 

showed that both ZnO and CuO were formed 

on brass plate as the substrate. FESEM 

images revealed that desirable nan-porous 

surface of photocatalyst was formed during 

anodizing process. Photocatalytic 

performance was measured by degradation of 

2 ppm MB solution. Degradation ratewas 

about 40% after 5 hours under visible light 

irradiation. 
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