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ABSTRACT:Improper disposal of effluent contaminated with organic dyes may cause environmental problems. In this context, 
the ZnO semiconductor and the ZnO/ZnFe2O4 magnetic composite were prepared by the combustion method. The synthesized 
materials showed adsorption and photocatalysis properties for elimination of methylene blue dye from aqueous medium. About 
88% of the methylene blue was eliminated by ZnO and 63% by the composite. In the photocatalysis process, a low cost visible 
light source was used. These materials can be regenerated by a photo-Fenton process. Moreover, the ZnO/ZnFe2O4 composite 
can be separated from the reaction medium by a magnetic field.
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INTRODUCTION

The textile industry is one of the most water-consuming sectors and, as a result, generates high volumes of effluents contaminated 
by synthetic organic dyes. When these effluents are not properly disposed, they cause serious environmental impact (Rani et al. 
2017). In order to adapt effluents for disposal, the search for techniques that provide efficient treatment of these effluents is a 
constant. In this context, there has been a growth of studies of advanced oxidative processes, such as heterogeneous photocatalysis. 
This process has the activation of a semiconductor material from the incidence of light on it as its principle. Such materials have 
the ability to generate •OH radicals by reducing dissolved oxygen molecules or by oxidizing adsorbed water molecules on the 
semiconductor surface. Such radicals are highly reactive and poorly selective, acting directly on the degradation of organic matter 
(Oliveira et al. 2013). Adsorption processes are also widely used since organic matter can be adsorbed onto the surface of the 
material, removing it from the aqueous medium. For adsorption, activated carbon is widely used due to its high surface area, as 
also some nanostructured iron oxides and nanostructured ZnO (Rani et al. 2017). Due to their semiconductor and piezoelectric 
properties, ZnO has also been used in the preparation of optoelectronic devices that have application in the aerospace sector 
(Fernandes et al. 2016; Safyanu et al. 2019) This work aims the synthesis of ZnO and the magnetic composite ZnO/ZnFe2O4 by 
the combustion method using starch as fuel (Argolo et al. 2019; Siqueira Junior et al. 2019). The obtained materials were evaluated 
in the adsorption and photodegradation processes of the methylene blue dye, using a low cost commercial visible light source 
for photocatalytic evaluation.
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MATERIALS AND METHODS
In the synthesis of the ZnO/ZnFe2O4 composite, 0.004 mol of ZnCO3 was solubilized in concentrated HNO3 (0.6 mL), then 

25 mL of distilled water, 0.004 mol of Fe(NO3)3·9H2O and 0.0123 mol of starch were added. The pH of the medium was then 
adjusted to 6 using 1 mol/L of NH4OH solution. The system was submitted to a glycerin bath for 23 h at 65 °C. After obtaining 
the xerogel, it was calcined in the muffle furnace for 1 h at 200 °C. The solid was then macerated and then subjected to a new 
muffle heating process for 1 h at 300 °C. The synthesis of ZnO differs only by not adding iron salt. The products obtained were 
black and the ZnO/ZnFe2O4 composite presents magnetization when subjected to magnetic field. X-Ray diffraction (XRD) was 
obtained on a Rigaku (Cu Kα radiation) in the angular range from 10º to 80º (2θ). The crystalline phases present in the samples 
were identified by comparison to available crystallographic data in the Inorganic Crystal Structure Database (ICSD). The X-ray 
powder diffraction data was analyzed by ERACEL software.To evaluate the adsorption properties of the synthesized materials, 
25.0 mL of a 24 mg/L methylene blue (MB) solution and 25 mg of the synthesized material were used. The material/solution system 
was kept in a dark environment for 4 h in order to achieve the equilibrium adsorption/desorption and, after this period, a 2 mL 
aliquot of the solution (T1) was taken. To evaluate the photocatalytic activity, the system was transferred to a petri dish surrounded 
by aluminum foil and irradiated by a led lamp (15 W). A distance of 7 cm was maintained between the lamp and the surface of the 
solution. A new aliquot was collected after 2 h of exposure to the light source (T2). T1 and T2 aliquots and the standard solution 
were analyzed by the UV-Visible absorption spectroscopy technique. UV-Vis spectra were obtained on Shimmadzu UV-2600 
spectrophotometer between 200-900 nm. In both the adsorption and photocatalysis processes magnetic stirring was used. Each 
process was performed in duplicate. To regenerate the adsorption capacity of the materials, the following photon-Fenton procedure 
was performed: With the addition of H2SO4 (1.0 mol/L), the pH of the supernatant solution was adjusted to 4 and then 10 ml of 
H2O2 (0.17 mol/L) was added; thereafter the dispersion was kept under stirring and irradiated by the 15 W led lamp for 2 h. The 
solids were isolated by centrifugation (ZnO) or by decantation under the action of a magnetic field (ZnO/ZnFe2O4 composite).

RESULTS AND DISCUSSION

The crystal phases of samples were studied by XRD (Fig. 1); for the ZnO sample, the observed peaks were identified as zinc 
oxide wurtzite phase structure, indexed by JCPDS file 36-145. The magnetic composite (ZnO/ZnFe2O4) is comprised of ZnO 
wurtzite phase and zinc ferrite cubic phase, indexed by JCPDS file 74-2399. The crystallographic date of these phases (summarized 
in Table 1) is compatible with the literature (Chen et al. 2017). Both materials present their crystalline phases with nanometric 
crystallite sizes (Table 1), according to the Scherrer equation (Siqueira Junior et al. 2019).

The adsorption and photocatalysis studies are presented in Figs. 2 and 3. The UV-Vis spectra shows a large decrease in 
the absorption intensity of MB bands after the incubation period (T1 samples) indicating the adsorption of MB molecules on the 
surface of both tested solids. The higher MB adsorption for the ZnO sample can be explained by the smaller ZnO phase crystallite 

Figure 1. XRD patterns for: (a) ZnO/ZnFe2O4 and (b) ZnO.
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size of this sample (Table 1). The decrease in UV-Vis absorption intensity can still be observed when the system was exposed 
to visible light irradiation (T2 samples) indicating that the remaining dye was undergoing the photocatalytic degradation 
process (Chen et al. 2017). After photocatalysis for 120 min (T2), the materials showed the following MB elimination capacities 
(mgMB/gadsorbent): ZnO = 21.1 mg; ZnO/ZnFe2O4 composite = 15.1 mg. These results are similar or higher to those described in the 
literature for similar materials – 16.6 mg and 9.9 mg, respectively observed by Rani et al. (2017) and Chen et al. (2017).

It should be noted that both materials can be regenerate by a photon-Fenton methodology after recovery and reused. After 
regeneration, the materials maintained their MB adsorption capacity, and the following values were observed (mgMB/gadsorbent): 
ZnO = 24.0 and 23.5 mg; ZnO/ZnFe2O4 composite = 23.8 and 21.1 mg, respectively for the first and second regeneration. It was 
found that ZnO/ZnFe2O4 continued to have magnetic activity after the regeneration, which is an important point in the process 
of separating the composite from the reaction medium.

Table 1. XRD data of synthesized samples analyzed by ERACEL software.

Sample ZnO ZnO/ZnFe2O4

Phase ZnO ZnO Zinc Ferrite

a=b (Å) 3.253 3.261 8.482

c (Å) 5.214 5.212 8.482

V (Å) 47.673 48.004 610.112

D (nm)
Crystallite size

13.5 23.9 14.0

Figure 2. UV-Vis spectra of the supernatant solution MB, where T0 = standard MB solution, T1 = aliquot taken after 4 h in 
adsorption equilibrium and T2 = aliquot taken after 2 h under light for synthesized materials

Figure 3.Solution concentration MB versus exposure time, where: 0 = standard MB solution; 240 = adsorption/desorption 
process and 360 = photocatalysis processes for synthesized materials.
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CONCLUSION

The use of the combustion method allowed to obtain ZnO and ZnO/ZnFe2O4 composite that has magnetic property. Both materials 
showed potential to be applied in the methylene blue dye adsorption and photodegradation processes, using a low cost visible light 
source. The synthesis method was reproducible, simple and versatile. These adsorbents can be regenerated using a simple methodology.
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