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Abstract 

The issue of treating wastewater system of metallurgical and heavy metal compounds industries has been 

increasingly paid more attention in ecology system nowadays. The study assessed the effect of adding 

surfactants or flocculants to the wastewater system with the efficiency of electroflotation extraction of metals 

from aqueous media. It has been founded that the addition of flocculants (cationic/anionic/nonionic) can 

increase the purification efficiency by 1–3% for all systems under study, regardless of the anionic composition 

of the water being treated. The addition of cationic and anionic surfactants has not effected significanty on the 

purification process, but the addition of a nonionic surfactant significantly inhibits the flotation process. 
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1. INTRODUCTION 

Quite a lot of works has been devoted to the issues of treating wastewater from various industries of heavy 

metal compounds [1-2]. High level of toxicity and tendency to bioaccumulate pose a difficult task for the 

researchers to develop new highly effective purification methods [3].  

The most important technological task is to organize recycling of valuable components (Zero Waste) and the 

water cycle (reducing water consumption within the framework of the concept of sustainable development) [4-

6]. This issue is the most relevant for enterprises in the metallurgical industrial sectors, since they are the main 

source of heavy metal compounds to enter environmental practice, such as electrochemical, mining, 

hydrometallurgical industries. 

An equally important aspect, from an economic point of view, is the maximum extraction and recycling of metal-

containing concentrates recovered in wastewater treatment processes. 

The method of electroflotation extraction is the most effective system for slightly soluble compounds of heavy 

metals in the wastewater from the point of view of energy and resource saving. During the flotation process, 

between 95–99% of sparingly soluble compounds of heavy and non-ferrous metals can be removed from 

wastewater, and result of flotation-concentrate after heat treatment can be returned to production [7-8]. 

2. EXPERIMENTAL 

In this study, the electroflotation process was carried out on a laboratory installation described in detail in [7-

8]. Solutions were prepared from high-purity sulfates of the corresponding metals produced by Sigma Aldrich 

(Germany). The concentration of Fe2+, Ni2+, Zn2+, Co2+, Cu2+ ions was 20 mg/dm3 for each metal or ΣMe 100 

mg/dm3. Background electrolytes: Na2SO4, NaCl, NaNO3, Na2PO4, Na2CO3 (Sigma Aldrich) with a 

concentration of g/L; pH = 10.0 (the most effective value [2, 3, 7]; current density = 0.4 A/L. 
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Residual concentrations of metal ions were determined by atomic emission spectroscopy with magnetic 

plasma according to the previously described method [9-10]. 

The diagram in Figure 1 presents data on the effect of adding various flocculants (cationic/anionic/nonionic) 

on the efficiency of electroflotation purification of model water (with different background electrolytes) from a 

mixture of slightly soluble metal compounds. 

 

Figure 1 Effect of flocculant addition on the efficiency of electroflotation recovery of a mixture of metal 

According to the graph data in Figure 1, the addition of flocculant allows to increase the purification efficiency 

by 1-3%, which, taking into account extremely strict standards for the residual metal content in purified water, 

is undoubtedly a good result. 

Analyzing the data, it can be concluded that the electroflotation process is the most effective method in a 

chloride/nitrate/carbonate-containing system, and the presence of a sulfate anion reduces the overall efficiency 

by an average of 10-20%. 

The process of electrofloatation in a phosphate-containing system proceeds much worse compared to other 

systems. The introduction of a flocculant into a system containing a phosphate anion almost completely inhibits 

the electroflotation process. This phenomenon is probably due to a change in the level of adhesion at the 

dispersed particle (in this case metal phosphates): gas bubble interface. 

The diagram in Figure 2 presents data on the effect of adding various surfactants (cationic/anionic/nonionic) 

on the efficiency of electroflotation purification of model water (with different background electrolytes) from a 

mixture of slightly soluble metal compounds. 

The chart data in Figure 2 shows that the presence of surfactants in the system can have an inhibitory effect 

on the flotation process, while anionic surfactants most clearly demonstrate process depression. 

The introduction of a cationic surfactant into the phosphate-containing system made it possible to increase the 

efficiency of extracting a mixture of sparingly soluble metals by 5 times, which indicates the influence of the 

surfactant on the process of adhesion of metal phosphates on the surface of gas bubbles. 
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Figure 2 Effect of surfactant addition on the efficiency of electroflotation extraction of a mixture of metals 

CONCLUSION 

Based on the work done, it can be concluded that the introduction of a flocculant into the system minimizes 

the residual concentrations of heavy metals in the treated water. In addition to increasing efficiency, the 

introduction of flocculant intensifies the processes of sediment separation and collection, flotation sludge is 

more easily dehydrated and collected on the surface of the installation. 

Data on the effect of various surfactants on efficiency can be used in the organization of a wastewater collection 

system in order to prevent flotation inhibitors from entering wastewater which was sent for treatment. 
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