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The photocatalytic process over semiconducting oxide surfaces has attracted worldwide attention as a potentially efficient, environmentally friendly, and low-cost method for wastewater treatment. This study presents a straightforward, inexpensive, and rapid route for the synthesis of nickel oxide (NiO) and its composites with zinc oxide (NiO/ZnO) and copper oxide (NiO/CuO) nanoparticles through the chemical precipitation method using capping agent-hexadecyltrimethylammonium bromide (CTAB) for photocatalytic degradation of the methylene blue dye. The structure, morphology, and elemental constituents were characterized by X-ray diffraction, scanning electron microscopy, and energy-dispersive X-ray spectroscopy. The energy band gap of pure NiO, NiO-ZnO, and NiO-CuO composites was evaluated using the Tauc plot from absorption spectra and resulted as 3.00, 2.90, and 3.25 eV, respectively. The optimum parameters for all photocatalysts were the following: pH 8, irradiation time 175 min, catalyst amount 75 mg, and dye concentration 7 mg/L. At these optimum parameters, the degradation efficiency of the prepared photocatalysts toward the MB dye achieved was 89.8% for NiO, 97% for NiO/ZnO, and 94.2% for NiO/CuO. The highest activity of the p-type/n-type (NiO/ZnO) nanocomposite for MB degradation is possibly due to electron–hole pair recombination inhibition by charge transfer processes. Therefore, semiconducting composite-based nanocatalysts such as NiO/ZnO with high photocatalytic activity are promising for future industrial applications to remove undesirable organic pollutants from the environment.
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1 INTRODUCTION
One of the main problems for the world community is water pollution. It causes damage to the environment, including climate and living things (Manisalidis et al., 2020). The fate of environmental pollutants that have been released from textile sewage and other industrial processes, such as methylene blue (MB) dye, is one of the most critical concerns that need immediate action and attention. Increasing population and human needs have resulted in the creation of numerous industries and factories, which has consequently increased the usage of water and raised the inevitable generation of wastewater. Textile industries have also been generating wastewater because of various consumable dyes (Pathak et al., 2020).
A large number of treatment processes have been employed in various industrial wastewaters such as chemical, biological, food, pharmaceutical, pulp and paper, dye processing, and textile wastes (Kong et al., 2019; Ni et al., 2020). The traditional physical techniques such as adsorption on activated carbon, ultrafiltration, reverse osmosis, coagulation by chemical agents, and ion exchange on synthetic adsorbent resins have been used for the removal of dye pollutants (Kumar and Dutta, 2019; Mani et al., 2019).
In recent years, semiconductor photocatalysis has been emerging as a promising technology and attracted increasing attention in the field of wastewater treatment to obtain complete mineralization of the pollutants of environmental systems (Aydoghmish et al., 2019; Iervolino et al., 2020; Prasad et al., 2020; Gao et al., 2021; Zhang et al., 2021). Over the past decade, research exertion has been dedicated to manufacturing new, more efficient and photoactive semiconductor nanostructures to transform the pollutants into safe byproducts devoid of any toxic hazardous chemicals from the environment (Liang et al., 2019). In particular, there has been an incredible improvement over the past decade in the synthesis of semiconducting metal oxides and sulfide nanoparticles with good yield. Semiconductor metal oxides such as TiO2, ZnO, ZnS, CuS, and NiO have widely been studied and utilized in photocatalysis (Akerdi and Bahrami, 2019).
Among these semiconductor metal oxides, nickel oxide is a p-type semiconductor with a stable, low-cost, broad band gap and is nontoxic. Likewise, it has excellent optical, electrical, and photocatalytic properties making it a promising material for applications in photocatalysis (Han et al., 2019). To improve the photocatalytic activity of nickel oxide, considerable efforts have been devoted toward the modification of NiO via doping with nonmetals and addition of transition metals and coupled with semiconductors (Ramasami et al., 2015; Sankar et al., 2016; Joyal Mary et al., 2017; Khatri and Rana, 2019). The previous report has demonstrated that the combination of two or more semiconductors with appropriate band positions can improve photocatalytic performance by enhancement of charge separation efficiency and prolonged charge carrier lifetime. Thus, the coupling of different semiconductor oxides is considered one of the most effective strategies, leading to high photocatalytic degradation.
Recently, different types of metal oxide nanocomposites such as ZnO/Mg, CuO/ZnO, ZnO/NiO, and CeO2/ZnO have been synthesized and showed efficient photocatalytic activities (Morasae Samadi et al., 2016; Adil Shafi et al., 2019). ZnMgAl LTH/ZnO/g-C3N4 nanohybrid, Sn-doped ZnO, and SnO2/PANI nanocomposite are also newly reported metal oxide-based materials for the application of photocatalysis (Munawar et al., 2021; Rajaji et al., 2021; Selvinsimpson et al., 2021). Among these composite materials, NiO/ZnO hetero-structural nanomaterials have attracted steadily growing interest as a result of the interesting electronic structure of NiO, a p-type semiconductor (Eg = 3.5 eV) with a rock salt or cubic structure (Zhao et al., 2017; Ao et al., 2019). NiO possesses high hole mobility and a low lattice mismatch with ZnO, which can be employed in the fabrication of p–n heterojunctions with ZnO (Aydoghmish et al., 2019; Song et al., 2019; Ramgir et al., 2020). On the other side, Joyal Mary et al. prepared CuO/NiO (p-type/p-type) by the co-precipitation method in the presence of a capping agent and investigated the visible light-driven photocatalytic degradation of Congo red (Joyal Mary et al., 2017).
Nowadays, the introduction of surfactants in the preparation of metal oxides has attracted much attention as a feasible and valuable method to control the surface properties of the material, such as the morphological structure, specific surface area, and particle size causes the chemical reactivity improvement. The stability of nanoparticles and their small size scale are important factors that determine their potential application. The presence of a stabilizer confines the particle in the nanometer scale, and after complete growth, the stabilizer restricts the nanoparticles to get agglomerate and small size nanoparticles (Guerrero-Florez et al., 2019; Saelices et al., 2019).
To the best of our knowledge, the synthesis of these metal oxide composites using the surfactant CTAB has not been reported. In addition to this, the photocatalytic efficiency of p-type/n-type (NiO/ZnO) and p-type/p-type (NiO/CuO) together in consideration of band gap and charge transfer difference was not studied so far. Here, our concern is on the synthesis of these materials in the presence of CTAB and the photocatalytic performance comparison of NiO, NiO/ZnO, and NiO/CuO on the degradation of methylene blue (MB) dye.
2 EXPERIMENTAL SECTION
2.1 Characterization Methods
We have used the following characterization methods throughout this work. Powder X-Ray diffraction patterns were recorded when 2θ value was in the range of 10–90° using a Brüker D8 Advance diffractometer (Cu Ka, 40 kV, 40 mA). Morphology and elemental analysis of the prepared photocatalysts were carried out using a field-emission scanning electron microscope with a model (ULTRA PLUS, a member of Carl Zeiss) and energy-dispersive X-ray spectroscopy (EDS), respectively. The Brunauer–Emmett–Teller (BET) specific surface area measurements were carried out with a micrometrics ASAP 2020 surface area and porosity analyzer. UV-Visible absorption spectroscopy measurements for photocatalyst band gap investigation and dye degradation efficiency analysis were carried out using a UV–Vis absorption spectrophotometer (SP65).
2.2 Synthesis of NiO, NiO/ZnO, and NiO/CuO
NiO was prepared using the chemical precipitation method, as described previously with some modifications (Khatri and Rana, 2019; Weldekirstos et al., 2019). First, two separate solutions were prepared; solution 1: 2 g of NiCl2.6H2O and 1.5 g of CTAB were dissolved in 50 ml deionized water, and solution 2: 1.68 g of sodium hydroxide (NaOH) was added to 50 ml of distilled water. Then, the second solution was added to solution one slowly and stirred for 1 h to get a homogeneous solution. The resultant light green solution was collected by centrifugation at 4000 rpm for 10 min and washed three times with deionized water to remove any impurities. The washed precipitates were dried in an oven at 85°C for seven h. After drying, the powder was subjected to calcination at 450°C in a muffle furnace for 3 h to yield black powder NiO NPs.
The NiO/ZnO nanocomposite was prepared, as described in previously reported work with some modifications (Hessien et al., 2020). To obtain the NiO/ZnO nanocomposites, 2.5 g of NiCl2.6H2O and 2 g of Zn (NO3)2·6H2O in a 1.5:1 M ratio, respectively, were dissolved in 60 ml distilled water, and then, 1.5 g of CTAB was added. The aqueous solution was stirred using a magnetic stirrer for 10 min to get a homogeneous solution. Subsequently, 0.042 mol solution of NaOH solution was added dropwise to the mixed solution under continuous stirring for 1 h. Then, the precipitate was centrifuged to 4000 rpm for 10 min and washed with excess distilled water three times, and the washed precipitate was dried at 85°C for 7 h in the air oven. Then, the final product was calcinated at 450°C for 3 h to get the NiO/ZnO nanocomposite.
NiO/CuO nanocomposite was synthesized following a similar procedure as NiO/ZnO nanocomposite by replacing Zn (NO3) 6H2O with copper (II) sulfate pentahydrate (CuSO4.5H2O) for the abovementioned mechanism. In short, 2.5 g NiCl2.6H2O and 2 g CuSO4.5H2O in a 1.3:1 molar ratio, respectively, were dissolved in 60 ml of double distilled water, and then, 1.5 g of CTAB was added. The mixed solution was stirred for 10 min. Afterward, 0.042 mol solution of NaOH solution was added dropwise to this mixed solution under continuous stirring for 1 h. The resulting light blue precipitate was centrifuged at 4000 rpm for 10 min, washed with distilled water to remove any impurity, and then dried in an air oven at 85°C for 7 h. Finally, the NiO/CuO nanocomposite was obtained after calcination at 450°C for 3 h.
2.3 Photocatalytic Activity Test
The photocatalytic activity of the synthesized materials was evaluated as the degradation of a model pollutant, methylene blue, under UV light (generated by 8 W mercury lamp, 365 nm). The photocatalytic studies were performed to investigate NiO, NiO/ZnO, and NiO/CuO nanocatalyst performance for the degradation of MB dye. The experiments were carried out as follows. The stock solution (1000 mg/L) of MB was prepared using distilled water. The desired concentration of dye solutions was prepared by further dilution of the stock solution with distilled water. The photocatalytic performance of NiO, NiO/ZnO, and NiO/CuO nanocatalyst was investigated at various pH (2–10) of solution, irradiation time (25–200 min, concentrations of MB (7–35 mg/L), and dose of photocatalyst (25–125 mg). The pH of the solution was adjusted by adding either 0.1 mol HCl or 0.1 mol NaOH.
The reaction suspensions were prepared by adding the photocatalyst (50 mg) to 100 ml of a 14 mg/L MB solution. After stirring in the dark for 30 min to obtain a good dispersion and ensuring an adsorption/desorption equilibrium, the suspension was exposed to UV light irradiation. Each time, the concentration of dye in the solutions was analyzed using a UV–Vis spectrophotometer by checking the absorbance at 664 nm during the degradation process. The percentage dye removal was calculated using the following equation:
[image: image]
where [image: image] and [image: image] refer to the absorbance of the dye solution before and after the photocatalytic activity.
3 RESULTS AND DISCUSSION
3.1 Characterization of the Prepared Materials
3.1.1 Powder X-Ray Diffraction Study
Powder X-ray diffraction is the most useful technique for phase identification and structural parameters of the synthesized materials. The X-ray diffraction patterns of nanocomposites (NiO/ZnO and NiO/CuO) along with the individual phases of NiO are depicted in Figure 1. The XRD pattern of NiO in Figure 1 showed that the synthesized material revealed sharpened peaks, indicating the crystallinity of NiO. The peaks positioned appearing at 2θ values of 37.06°, 43.20°, 62.75°, 75.48°, and 79.24° and each peak designated as (111), (200), (220), (311), and (222), respectively. These identified peaks were well indexed to face-centered cubic (FCC) of the NiO phase (JCPDS cared no. 00-047-1049). The XRD patterns of ZnO/NiO composite contain peaks at 31.2°, 33.7°, 35.6°, 46.7°, 55.8°, 67.3°, and 68.6° of ZnO and were well matched with the standard (JCPDS No. 76-0704) and in good agreement with the hexagonal phase. The XRD patterns of the NiO/ZnO nanocomposite exhibit peaks at 2θ values (100), (002), (101), (102), (110), (112), and (201) and are related to the hexagonal phase of ZnO crystal planes, respectively.
[image: Figure 1]FIGURE 1 | XRD patterns for the NiO, NiO/CuO, and NiO/ZnO nanomaterials prepared with CTAB.
On the other hand, for NiO/CuO nanocomposite, the diffraction peaks located at 2θ values of 31.41°, 35.45°, 38.49°, 45.37°, 49.27°, 58.30°, 66.41°, and 68.16 indexed to the monoclinic phase of CuO crystal planes (110), (11-1), (111), (202), (020), (202), (31-1), and (211), respectively, which match with JCPDS no. 00-048-1548. Meanwhile, the intensity of the diffraction peaks is reduced with NiO/CuO composite, which breaks the crystallinity due to lattice distortion (Kumar et al., 2020).
The average crystallite sizes of NiO, NiO/ZnO, and NiO/CuO materials obtained from the Scherrer equation are presented in Table 1. The average crystallite size of these prepared materials was calculated by applying the Scherrer equation: D [image: image], where D is the average crystallite size, λ = 1.54056 Å is the wavelength of Cu kα, β is the full width at half-maximum (FWHM) intensity, θ is Bragg’s diffraction angle, and K is a constant taken as to 0.94. The calculated value in the table is the averages of the crystallite size from the four peaks of each material are found to be 7.32 nm, 19.77 nm, and 20.88 nm NiO, NiO/ZnO, and NiO/CuO, respectively. From the result in Table 1, the average crystallite size of NiO is less than that of the composites of NiO/ZnO and ZnO/CuO, possibly due to the mixed oxide formation in the composites.
TABLE 1 | Average crystallite size of NiO, NiO/ZnO, and NiO/CuO obtained from the Scherrer equation.
[image: Table 1]3.1.2 Morphology and Elemental Analysis
As well-known photocatalytic activity is highly related to the morphology, particle size, and surface area of nanomaterials (Jassbyand et al., 2012; Park et al., 2013), the morphology of these nanoparticles is studied by scanning electron microscopy. Figure 2 presents the SEM images of the prepared NiO (a), NiO/ZnO (b), and NiO/CuO (c) materials. As shown in Figure 2 of the NiO/CuO composite SEM image, the particles are revealed as relatively agglomerated, whereas the NiO/ZnO composite particles are shown in the dispersed mode. The dispersed surface structure has higher surface area and positively influences the photocatalytic effectiveness of the material. For further information about the properties of these materials, the surface area measurement has been carried out for NiO/ZnO and NiO/CuO composites and presented in Table 2. The surface area (m2/g) of NiO-ZnO and NiO-CuO composites attained was 41.05 and 19.33, respectively.
[image: Figure 2]FIGURE 2 | SEM images of NiO (A), NiO/ZnO (B), and NiO/CuO (C) materials.
TABLE 2 | Surface area analysis results for NiO-ZnO and NiO-CuO composites.
[image: Table 2]Energy-dispersive X-ray spectroscopy was investigated to identify the elements present in the prepared photocatalysts. Figure 3 shows the EDS elemental mappings corresponding to all NiO, NiO/ZnO, and NiO/CuO samples. The presence of elements Ni and O in NiO; Ni, Zn, and O in NiO/ZnO; and Ni, Cu, and O in NiO/CuO are confirmed without any other impurity species.
[image: Figure 3]FIGURE 3 | Energy dispersive spectra/EDS/of NiO, NiO-ZnO, and NiO-CuO materials.
3.1.3 Optical Properties
The optical properties of NiO, NiO-ZnO, and NiO-CuO materials were studied by UV-VIS absorption spectroscopy. The UV–Visible absorption spectra of prepared samples NiO, NiO-ZnO, and NiO-CuO are shown in Figure 4A. The UV–Vis absorbance of the NiO-ZnO composite obtained was higher than the NiO-CuO composite and pure NiO, which implied that NiO-ZnO have relatively better light-harvesting efficiency. From the result, strong absorption peaks appeared at wavelengths of 330, 310, and 290 nm for pure NiO, NiO/ZnO, and NiO/CuO samples, respectively. The NiO-ZnO and NiO-CuO composites achieved blue shifted absorption compared to pure NiO. The band gap energy of the prepared samples was evaluated using the Tauc plot and is presented in Figure 4B. As shown in Figure 4B, the energy band gaps of pure NiO, NiO-ZnO, and NiO-CuO composites are found to be 3.0, 2.9, and 3.25 eV, respectively.
[image: Figure 4]FIGURE 4 | (A) UV–Visible absorption spectra and (B) Tauc plot of NiO, NiO-ZnO, and NiO-CuO.
3.2 Photocatalytic Activity Study
To estimate the photocatalytic performance of the synthesized NiO, NiO/ZnO, and NiO/CuO samples, a photocatalytic degradation experiment was carried out for methylene blue (MB) dye. The photocatalytic performance of NiO, NiO/ZnO, and NiO/CuO materials was investigated at various conditions: pH, irradiation time, concentrations of MB, and dose of the photocatalyst. Parameter optimization experiments have been carried out for pH, dye concentration, catalyst amount, and irradiation time to determine the most effective condition.
3.2.1 Effect of pH
One of the important parameters in photocatalytic reactions is the pH of the solution. It has a significant effect on the surface charge of the photocatalyst (Reza et al., 2017). The effect of the solution pH on the rate of photocatalytic degradation in the presence of NiO, NiO/ZnO, and NiO/CuO materials was investigated within different pH ranges from 2 to 10 (2, 4, 6, 8, and 10), as shown in Figure 5. From the experimental result, an increase in the rate of photocatalytic degradation of MB was observed with an increase in pH from 2 to 8. Above pH 8, the dye degradation process becomes constant. In acidic solution (pH < 6), the photodegradation of the dye is retarded by the high concentration of protons, resulting in lower degradation efficiency. Basic pH electrostatic interaction between catalyst surfaces and MB cation leads to strong adsorption with a correspondingly high rate of degradation. The obtained result has a good agreement with the explanation given before (Rys and Zollinger, 1972). Based on the result, the optimum pH was found to be eight, for which the percentages of dye removal were found to be 85.2%, 94.5%, and 90.7% for NiO, NiO/ZnO, and NiO/CuO catalyst, respectively.
[image: Figure 5]FIGURE 5 | Effect of pH on degradation of methylene blue dye.
3.2.2 Effect of Irradiation Time
Irradiation time is another parameter that affects the photocatalytic efficiency for the removal of MB dye by NiO, NiO/ZnO, and NiO/CuO nanocatalysts. The experiment was investigated at the optimized condition of pH 8, and the irradiation time was varied from 25 to 200 min, keeping other experimental conditions constant. Figure 6 shows the obtained results of degradation efficiency versus irradiation time. The degradation efficiency of the prepared photocatalysts for MB grew with the irradiation time up to 175 min, and after that, the value remained constant. The optimum irradiation time was found to be 175 min for all samples with a dye removal efficiency of 85, 93, and 90% for NiO, NiO/ZnO, and NiO/CuO catalysts, respectively.
[image: Figure 6]FIGURE 6 | Effect of irradiation time on MB degradation.
3.2.3 Effect of Dye Concentration
To determine the impact of dye concentration on the degradation efficiency of the synthesized photocatalyst, the experiment was conducted at optimized pH 8 and irradiation time 175 min by changing the MB concentration from 7 to 35 mg/L (7, 14, 21, 28, and 35). The obtained results of MB degradation efficiency are illustrated in Figure 7. The experimental result presented in Figure 7 clearly shows that the degradation efficiency of the synthesized photocatalyst is inversely proportional to the dye concentration. Even at the higher concentration of MB (35 mg/L), all three catalysts could achieve over 70% degradation. The degradation rate is dependent on the formation of radicals by the photocatalyst and the interaction of radicals with the dye molecules. When the dye concentration is high, the production of hydroxyl radicals (.OH) at the surface of the photocatalyst is reduced since the photocatalyst active locations are being protected via the dye ions. Furthermore, throughout the high concentrations of dyes, a significant value of ultraviolet radiation could be absorbed by dye molecules and reduce the amount of radiation (Han et al., 2019). Thus, the removal of MB was found to be better at low concentration, i.e., at 7 mg/L for all catalysts with a removal efficiency of 88, 95.7, and 92.3% for NiO, NiO/ZnO, and NiO/CuO, respectively. We took 7 mg/L concentration of MB for further investigation.
[image: Figure 7]FIGURE 7 | Effect of MB concentration on photocatalytic degradation.
3.2.4 Effect of Photocatalyst Amount
The effect of photocatalyst amount for removal of MB dye was also studied by varying the amount of the photocatalyst from 25 to 125 mg with increments of 25 mg by keeping other experimental parameters at optimal condition (pH 8, 7 mg/L of MB dye solution, and 175 min irradiation time). The obtained result of the dye removal efficiency versus the amount of the photocatalyst is shown in Figure 8. As observed from the obtained result, the degradation efficiency of MB dye increases as the photocatalyst amount increases up to 75 mg, and at a higher photocatalyst amount, the degradation efficiency remains constant. By increasing the amount of the photocatalyst, the number of active sites that exist on the molecular levels will increase, resulting in enlarging the number of hydroxyl and superoxide radicals. However, increasing the concentration of photocatalyst beyond the optimum amount could result in the coagulation of catalyst nanoparticles; therefore, there would be less surface area and consequently less photon absorption, which would accordingly reduce the rate of photocatalyst degradation (Sharma et al., 2018). From the experimental result, the optimum photocatalyst amount was found to be 75 mg. The dye removal at the optimum dosage was 89.4, 96.2, and 93.8% for NiO, NiO/ZnO, and NiO/CuO, respectively.
[image: Figure 8]FIGURE 8 | Effect of catalyst amount on MB degradation.
Finally, the photocatalytic degradation experiment was performed at optimum conditions: pH 8, 7 mg/L MB solution, 75 mg catalyst amount, and 175 min irradiation time for the three photocatalysts (NiO/ZnO, NiO/CuO, and NiO). Figure 9 shows the graphical representation for the degradation efficiency result corresponding to the three materials. From the result, the NiO/ZnO composite achieved the highest degradation efficiency toward MB dye. When the p-type NiO and n-type ZnO materials were excited by UV light, electrons in the valance band could be excited to the conduction band, with the simultaneous generation of the same number of holes in the valance band. Hence, a p-type semiconductor NiO can act as a sink for photogenerated holes, making charge separation more efficient and thus suppressing recombination processes. The NiO catalyst alone lacked this capability, giving rise to less degradation activity (Liu et al., 2020).
[image: Figure 9]FIGURE 9 | Effect of the catalyst type on the degradation of MB dye.
The UV-Visible spectra of successively degraded methylene blue with the synthesized photocatalysts (NiO, NiO-ZnO, and NiO-CuO) after 2 h and the absorbance of methylene blue as a reference are presented in Figure 10A. Figure 10B demonstrates the pictures of the changes of the solution 5 min and 2 h later with the prepared photocatalysts: NiO, NiO-ZnO, and NiO-CuO. The absorbance spectra showed that at 2 h, there was nearly zero absorption which means that the methylene blue was successfully removed.
[image: Figure 10]FIGURE 10 | The UV-Visible spectra of successively degraded MB in the presence of NiO, NiO-ZnO, and NiO-CuO (A) and the photograph of MB degradation: Before adding the catalyst, 5 min and 2 h later with catalysts: i. NiO, ii. NiO-ZnO, and iii. NiO-CuO (B).
3.3 Comparison With Previously Reported Works
The comparison of the obtained degradation efficiency of MB using synthesized photocatalysts with previously reported findings has been illustrated in Table 3. Our findings show that in particular, the p-type/n-type composite (NiO/ZnO) achieved the highest photodegradation efficiency for MB dye.
TABLE 3 | Comparison of photocatalytic performance of materials toward the degradation of methylene blue.
[image: Table 3]4 CONCLUSION
In summary, pure NiO nanoparticles, NiO/ZnO, and NiO/CuO nanocomposites have been successfully prepared using the chemical precipitation method in the presence of CTAB as a surfactant. The three nanocatalysts (NiO, NiO/ZnO, and NiO/CuO) were used for the photocatalytic removal of MB dye under UV light irradiation. The metal oxides synthesized by the aforementioned method possess a high degree of purity, as indicated by the XRD patterns. The morphology and elemental investigations were studied by SEM and EDS, respectively. The experimental results of MB dye photodegradation confirmed that these materials could perform as promising photocatalysts. The photocatalytic efficiency of the synthesized nanomaterials followed the order: NiO/ZnO > NiO/CuO > NiO. The results indicated that the NiO/ZnO nanocomposite exhibited excellent photocatalytic activity as compared to NiO/CuO and NiO toward the degradation of MB dye under UV light irradiation, while in the case of NiO/CuO nanocomposite, there should have been high e−/h+ recombination on CuO because of its narrow band gap.
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