
Dual adsorption-photocatalytic effect for removal of Cr(VI) using 

ZnO/Cu2O heterojunction as photocatalyst 
J. Soto-Hernandez(1), José Enrique Samaniego Benítez(2), Ángeles Mantilla(1)*.  

(1) Instituto Politécnico Nacional – CICATA. Calzada Legaria 694, Col. Irrigación, Miguel Hidalgo, 

11500 Ciudad de México, México 

 Phone: +525534658430 email: jsotohdez9@gmail.com 
(2)CONACyT-Instituto Politécnico Nacional – CICATA. Calzada Legaria 694, Col. Irrigación, 

Miguel Hidalgo, 11500 Ciudad de México, México. 
(3). 

 
1. Introduction – Hexavalent chromium Cr(VI) is a frequent by product 

present in the effluents of some industrial processes as, stainless steel 

production, textile manufacturing, electroplating, etc[1,2]. This pollutant is 

considered among the most dangerous to most of the organisms, causing 

irritation and cancer at concentration so low as 0.05 ppm; additionally, its 

high solubility in water increases its lethality.[3].Several methods have been 

conducted to remove Cr(VI), such as membrane separation, 

electrocoagulation, and adsorption. Adsorption has been regarded as a 

prevalent way due to its high efficiency; yet, the adsorbed Cr(VI) ions of 

high toxicity are still difficult to be re-treat[4]. In comparison, Cr (III) is 

considered less toxic and can be recovered by precipitating as Cr(OH)3 in 

neutral or alkaline solutions[5,6]. Therefore, the photoreduction of Cr (VI) 

to Cr (III) by photocatalytic processes seems to be a viable, economic and 

non-toxic alternative for environmental remediation. Herein, we report the 

efficient dual adsorption-photocatalytic reduction of Cr (VI) using 

ZnO/Cu2O heterojunction.  

 

2. Experimental – Synthesis of ZnO/Cu2O heterojunction was carried out by hydrothermal route, using 

zinc nitrate and copper nitrate as source of metals. Analysis of crystalline phases was performed in X-ray 

diffraction (XRD) by using a D-8 Advance (Bruker) diffractometer The morphology of the composite 

material was studied by scanning electron microscopy technique, using a scanning electron microscope 

JEOL JSM6390LV. The adsorption and photocatalytic performance were evaluated with Cr(VI) solution 

at different concentrations under UV light irradiation.  

3. Results and Discussion -The formation of ZnO 

and Cu2O phases in the heterojunction were 

confirmed by X-ray diffraction analysis at different 

Cu contents (Figure 1 upper). The bandgap energy 

was calculated by the UV-Vis reflectance diffuse 

analysis, being its value in the visible region of the 

spectrum (Figure 1 bottom). In the adsorption-

photocatalytic experiments it is observed that the 

composites with different percentages of Cu (wt%) 

achieve almost a total reduction (~99.9%) for 40 

ppm, and more than 80 % for a 200 ppm of Cr(VI) 

(Figure 2), using the material with 10%wt of Cu. 

  

4. Conclusions – Photocatalytic results reveals an 

increase in the Cr(VI) photoreduction when ZnO 

photocatalyst was combined with Cu at different ratios (in different amounts. That could be attributed to 

the synergic effect promoted between CuO and ZnO, which promotes a separation between the hole-

electron pairs(e-/h+).  
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Image 1. XRD analysis and UV 

reflectance diffuse analysis of the samples  

 
Figure 2.- Adsorption-photocatalysis performance of the 

materials with a 200ppm Cr(VI) solution 
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