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ABSTRACT. Copper ferrite nanospheres were prepared by a solvothermal method (CFNS) and calcined at 

different temperatures (200, 400, and 600 ºC). The calcination temperature influenced on structural 

characteristics and surface chemistry. The as-prepared CFNS samples were checked in the electrochemical 

oxidation of cyanide. The study was addressed to elucidate which kind of crystalline phases, as well as 

surface chemistry of CFNS were responsible for boosting the electrocatalytic oxidation of cyanide. The 

electrocatalytic performance towards the degradation of cyanide may depend on the surface chemistry, 

particularly, Cu species play a crucial key in the electrochemical oxidation of cyanide. 
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Introduction 

In the last decades, one of the main concerns of the governments is the environmental impact produced by 

the exponential growth of the world population and industrialization. Such aspects involve a large number 

of pollutants that are present in the air, water, etc. Wastewater treatment is indispensable to avoid health 

problems derived from the use of polluted water. The electrolytic treatment is an interesting strategy to 

eliminate harmful compounds. Particularly, anodic oxidation is an excellent alternative to different 

traditional treatments (physical and chemical methods). Among the pollutants, cyanide is one of the more 

hazardous that can be found. Cyanide is toxic for animals and humans because it affects the respiratory 

system and strongly inhibits cellular metabolism. It comes from many industrial activities such as organic 

synthesis, mineral industry, metallurgy, oil refinery, etc. The above-mentioned electrochemical wastewater 

technologies can be conveniently operated in situ, at ambient temperature and pressure, with low energy 

consumption and short time requirements, using electrons as the only reagent. Moreover, these technologies 

can eliminate pollutants of high toxicity, and can be connected and supplied with renewable energies [1,2]. 

However, the efficiency of the electrochemical oxidation depends on the nature and selection of the 

electrocatalysts used as electrode [3,4] 

Hence, the development of materials for their use as electrocatalysts in the anode is one of the main aspects 

to implement this technology. Moreover, these electrocatalysts must be stable in the anodic conditions and 

the stability and the electrochemical activity of the electrodes are largely determined by the nature of the 

active component and the pH of the used medium. In previously reported studies, the performance of several 

materials, including carbon materials, metal oxides of diverse compositions (PbO2, RuO2-TiO2, TaO2–IrO2, 

SnO2-SbOx, Co3O4), boron-doped diamond (BDD), bare metals (Pt or Ni), among others, have been assessed 

as an electrocatalyst in the oxidation of cyanide in aqueous electrolytes [5,6]. Copper and copper oxides 

have shown catalytic activity toward the oxidation of cyanide [7,8]. Several factors such as the electronic 

properties of the copper species have been studied in the literature [8]. Particularly, the electrocatalytic 

performance of Ti-supported CuxCo3−xO4 electrodes (with 0 ≤ x ≤ 1.5) has been studied for the oxidation of 

cyanide in alkaline media. The copper saturated (x = 1.0) and oversaturated (x = 1.5) spinels exhibit 

unprecedented 100% current efficiencies for this reaction in aqueous electrolyte attributed to surface Cu(II) 

in the spinel lattice [8]. 

In the present work, we propose the use of copper ferrite nanospheres as electrocatalysts for the cyanide 

oxidation reaction. Ferrites have the general formula AFe2O4, where A is a divalent cation, and they have 
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attracted great attention due to their tunable composition and properties. The present study is aimed at 

elucidating the relationship between structure-surface chemistry and the electrocatalytic activity of copper 

ferrite nanospheres. 

Material and Methods 

Synthesis of copper ferrite nanospheres (CFNS) 

Copper ferrite nanospheres (CFNS) were prepared by a solvothermal method. For that, CuCl2.2H2O and 

FeCl3.6H2O were mixed in a molar ratio of 1:2, and the mixture was dissolved in 50 mL ethylene glycol. 

After that, 4.5 g of sodium acetate and 2.0 g of polyethylene glycol were added. The resulting solution was 

stirred for 30 min and then, it was transferred into a Teflon-lined stainless-steel autoclave, which was heated 

at 200 ◦C for 12 h, and cooled down to room temperature. The solid was centrifuged and washed several 

times with ethanol and dried at 60 ◦C for 8 h [9]. The resulting CFNS sample was calcined in air at 200, 400, 

and 600 ◦C for 3 h. Samples were named CFNS200, CFNS400, and CFNS600, respectively. 

Physicochemical characterization 

The morphology of as-prepared materials was characterized by scanning electron microscopy (SEM, Carl 

Zeiss SMT, Germany), and transmission electron microscopy (TEM, JEOL JEM-1010 microscope, France). 

The pore texture was characterized by N2 adsorption-desorption isotherms at -196 ◦C using an automatic 

adsorption system (Autosorb 1 Quantachrome, USA). The apparent surface area (SBET) was determined by 

the Brunauer-Emmett-Teller method. The surface chemical composition was analyzed by X-ray 

photoelectron spectroscopy (XPS, Escalab 200R system, Thermo Fisher Scientific, UK) equipped with 

MgKα X ray source. The crystalline structure was characterized by X-ray diffraction (XRD, X-ray 

Empyrean diffractometer with PIXcel-3D detector, Empyrean, PANanalytical, Netherlands). 

Electrochemical characterization 

The electrochemical characterization of CFNS and their calcined samples was performed in a three-

electrode cell. To do that, a suspension was prepared by sonicating 1 mg of the CFNS or calcined CFNS 

and 1 mL of an aqueous solution (20 vol% isopropanol, 0.02 vol% Nafion® in water). A volume of 30 μL 

of the as-prepared solution was deposited onto a polished glassy carbon electrode used as the working 

electrode. Electrochemical measurements were carried out in a 0.1 M KOH solution using a multichannel 

potentiostat (VSP Biologic, France). A graphite bar was used as a counter electrode (Mersen Ibérica) and a 

commercial Ag/AgCl (3 M KCl) electrode was used as the reference electrode. The electrochemical 

behavior was evaluated by cyclic voltammetry in an aqueous 0.1 M KOH solution in the absence and the 

presence of KCN at different concentrations. The cyclic voltammograms were recorded at a constant sweep 

rate of 20 mVs-1. The current densities were calculated using the apparent surface area of CFNS samples. 

Results and Discussion 

Physicochemical characterization 

The morphology of as-prepared CFNS samples depends on the calcination temperature. The non-calcined 

sample (CFNS) and CFNS200 exhibited well-distributed heterojunction nanocrystals with a dandelion-like 

structure (see Figure 1), while CFNS calcined at higher temperatures did not show such a structure. The 

nanocrystals sintered and the surface became smoother at higher temperatures. The particle size remained 

nearly constant up to 400 ºC with an average particle of 150 nm. Even though the average particle size was 

not affected by the increase in the calcination temperature, the apparent surface area decreased as the 

calcination temperature increased. The SBET values were calculated to be 47, 38, 12, and 3 m2 g-1 in CFNS, 

CFNS200, CFNS400, and CFNS600, respectively. According to the N2 isotherms, all CFNS samples are 

non-porous or microporous materials. 

From XRD analysis, the crystal structure of the samples is formed by cubic spinel, cuprite, and copper, 

being the former the most abundant crystal phase, and that with the smallest crystallite size. Three different 

oxidation states of copper (Cu0, Cu+, and Cu2+) are observed as a result of the different crystal structures. 



 

 

PROCEEDINGS 6TH INTERNATIONAL CONGRESS ON WATER, WASTE AND ENERGY MANAGEMENT, 20-22 JULY 2022, ROME, ITALY 

To get further insights into the mechanism involved in the electrochemical oxidation of cyanide, the surface 

chemistry was characterized by XPS. The results indicated that the copper surface species were mainly 

reduced copper species (Cu0/Cu+), whereas Cu2+ species represent only around 20 %. 

 

 

Figure 1. TEM micrographs of (A) non-calcined sample (CFNS), (B) CFNS200, and (C) CFNS600. 

 

Electrocatalytic test  

Figure 2 shows the voltammograms of CFNS samples in an aqueous 0.1M KOH solution. Figure 2a displays 

the voltammograms of the non-calcined and calcined samples in presence of 500 ppm KCN. As it can be 

seen, all the materials are able to oxidize cyanide; however, in the range of potentials shown in Figure 2a, 

the CFNS and CFNS200 show a anodic peak at around 0.42V in presence of KCN (CFNS_500 ppm) being 

more defined for CFNS electrode. These anodic peaks are related to the electrooxidation of cyanide, which 

is centered at 0.45 V vs Ag/AgCl for CFNS electrode.  Moreover, the potential value at which the 

electrooxidation starts increases with the calcination temperature. Bearing in mind the different morphology 

and surface composition in the as-prepared samples, the results indicated that such properties played a 

crucial role in controlling the electrochemical performance in the oxidation of cyanide. The great 

performance of CFNS might be related to the presence of Cu(II) species in the CFNS in comparison to the 

other materials, which directly participate in the oxidation mechanism through the adsorption of CN-. 

Figure 2b plotted the voltammograms of CFNS (non-calcined) at different concentrations of KCN. It was 

observed that CFNS the current peak associated to cyanide oxidation increase with the concentration. Then, 

this CFNS materials can oxidize cyanide at all concentrations studied being stable with the number of cycles. 
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Figure 2. a) Steady state cyclic voltammograms of the CFNS samples in presence of 500 ppm KCN. b) Steady state 

voltammograms of CFNS electrode at different KCN concentrations. Scan rate: 20 mV s-1, 0.1 M KOH solution. 
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Conclusions 

The performance of CFNS electrocatalysts was evaluated in the electrochemical oxidation of cyanide. The 

electrocatalytic activity towards the oxidation of cyanide depends on the structure and surface chemistry of 

CFNS samples. The non-calcined sample exhibited the best electrochemical response, which is able to 

oxidize cyanide at lower potential values compared to the calcined CFNS samples. Additionally, CFNS 

exhibited a good oxidation ability in a wide range of cyanide concentrations. 
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