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Abstract

The features of electroflotation extraction of a mixture of heavy hydroxides and non-ferrous metals (Fe2*, Ni2*,
Zn?%*, Co?*, Cu?*) from a five-component system in the presence of various background electrolytes were
studied. The influence of the nature of various background electrolytes on the kinetics of electroflotation
extraction of the mixture of the studied hydroxides at pH=10 was established. It is shown that the addition of
NacCl electrolyte can increase the efficiency and stabilize the electroflotation process of extraction of hard-to-
dissolve heavy and non-ferrous metal compounds as part of multi-component systems from the wastewater of
various electroplating plants, the recovery rate can reach to 99%.
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1. INTRODUCTION

Industrial and urban wastewater potentially contains a wide variety of pollutants, some of which are difficult to
remove in conventional water and wastewater treatment plants. In this regard, several alternative methods for
cleaning contaminated water have been proposed to ensure the safety of water for human consumption and
to meet environmental needs. Among the methods used to effectively separate the solid phase from the liquid
or one liquid phase from another, electroflotation (EF) is one of the most promising modern technologies [1].

One of the actual problems is to increase the efficiency of the process of electroflotation (EF) extraction of
metal hydroxides in multi-component systems. The main approach of electroflotation treatment is associated
with the formation of metal hydroxides at the first stage, followed by separation of the dispersed phase in the
process of sedimentation, flotation, filtration [2].

In the works performed earlier [2,3], it was shown that the presence of organic components of different nature
in wastewater affects the efficiency of solid-liquid separation processes. Some generalizing materials are
presented in Table 1.

Table 1 Efficiency of solid / liquid separation processes in the presence of organic components

The :f)el‘%ep%f;sz?l?éﬁ%on of Surfactant Emulsion Solvent Poly(rngécedfle;r::;n lyte
Sedimentation Reduces Reduces No effect Raises
Microfiltration Reduces Reduces Complicates Reduces

Flotation Raises Raises No effect Raises
Electroflotation Raises Raises No effect Raises

The analysis shows that for waste water containing surfactants, emulsions, solvents, flotation and

electroflotation has an advantage in the processes of extraction of suspended substances.
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The purpose of this work is to study the main regularities of the process of electroflotation extraction of a
mixture of heavy and non-ferrous metal hydroxides in various electrolytes Na2SOa4, NaCl, NaNOs. As well as
determining the optimal conditions for the extraction of a mixture of heavy and non-ferrous metal hydroxides
with minimal energy consumption and process time, increasing the processing efficiency by using the
electroflotation process and filtration.

Model wastewater treatment was carried out by electroflotation using a non-flowing laboratory installation
according to the method described in the literature [4,5].

2. EXPERIMENTAL

Studies were carried out on model solutions containing iron, Nickel, zinc, cobalt and copper ions and with a
given concentration of metal ions, Fe?*, Ni2*, Zn2*, Co?*, Cu?* 20 mg/l (zMe 100 mg/l) were added sequentially
Na>S0a4, NaCl, NaNOs, NasPO4, and Na.COs were used as an electrolyte to create a constant ionic force at a
concentration of 1 g/l. The concentration of metal ions was determined by atomic adsorption method in the D.
M. Mendeleev Central research center. To completely dissolve the hydroxides after sampling, several milliliters
of concentrated HNO3s were added to the measuring flask.

Model wastewater treatment was performed by electroflotation using a laboratory unit consisting of a direct
electric current source HY 1803D, a 500 ml non-flow electroflotator with a cross-sectional area of 10 cm? and
a height of 80 cm with an insoluble ORTA anode and a cathode made of 12X18H10T stainless steel according
to a well - known method [6 - 15].

The efficiency of the electroflotation process was estimated by the degree of extraction (deposition) a (%),
which is calculated by the formula:

a = E 5 1009, (1)
where: a - degree of extraction (%); Cini - initial concentration of the dispersed phase in the aqueous medium
(mg/1);Crin - final concentration of the dispersed phase in the aqueous medium (mg/l).

Reagents were used to prepare model solutions: FeClz x
4H20, NiSO4 x 7H20, ZnSO4 x 7H20, CoSO4 x 7H20, ~—
CuSO04 x 5H20, Na2S04, NaCl, NaNOs, NasPO4, Na2COs,
XH. Model solutions were prepared using distilled water.
In some cases, after electroflotation cleaning, additional
filtration of the solution was carried out using destitute
filters "Blue ribbon" TU 2642-001-13927158-2003 (pore
diameter ~ 1 ym). 1

The diagram of a laboratory electroflotation unit of periodic
action is shown in Figure 1.

Ph control was performed using a pH meter (ionomer) pH-
410 with standard glass (ESK-1060/7) and silver chloride
electrodes. pH solution was adjusted to the desired value
using NaOH and H2SOa solutions the working area of the

pH = 10 + 0.2 units.

Figure 1 Scheme of a laboratory
In some cases, after electroflotation cleaning, additional  electroflotation unit of periodic action. 1- direct
filtration of the solution was carried out with the help of current source; 2- anode; 3-cathode; 4-valve;
decontaminated filters "Blue tape" TY 2642-001- 5 - electric flotation column
13927158-2003 (pore diameter ~ 1 ym).
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In Table 2 experimental results are showing the influence of the nature of the background electrolyte on the
kinetics of electroflotation extraction of the mixture of the studied hydroxides at pH = 10 and the electroflotation
time of 5, 10 and 20 minutes.

Table 2 Influence of the nature of the electrolyte on the degree of electroflotation recovery of a mixture
of heavy and non-ferrous metal hydroxides

Electrolytes Electroflotation Extraction degree, a (%)

time (min) Fe Ni Zn Co Cu

5 63 84 80 87 82

Na2S04 10 69 96 92 98 93
20 75 96 94 97 95

5 88 76 90 89 81

NaNOs 10 95 77 96 97 97
20 96 81 97 98 97

5 7 10 1 1 1

NasPO4 10 11 28 3 2 3

20 17 37 4 4 6

5 92 89 92 95 94

NacCl 10 94 91 95 98 96
20 96 95 96 99 98

5 93 77 93 96 87

Na2COs 10 94 84 95 97 94
20 96 90 97 99 96

System [B.B IMe(OH],]

Extraction degree (%)
5 8 8 858 3 3 3 38 8

(=}

5 10 0 _ .
1N2,S0, ®2NaNO  #3-Na;PO,  E4NaCl  ®5Naco,  Time (min)

Figure 2 Influence of the nature of the electrolyte on the electroflotation extraction of hard-to-dissolve heavy
and non-ferrous metal hydroxides
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Experiment Conditions: Fe*2, Ni*2, Zn*2, Co*2, Cu*? - 20 mg/l, ZMe 100 mg/l; C (background electrolyte) - 1 g/l;
pH =10; iv = 0.4 A/l

The conducted research shows the principal possibility and high efficiency of the process of electroflotation
extraction of a mixture of insoluble compounds of iron, nickel, copper, zinc and cobalt in the form of hydroxides.

It is experimentally established Figure 2 that the degree of recovery for each metal differs under certain
conditions, the most accurate estimate can be given for the total recovery of ITM. The MPC for Fe, Ni, Zn, Co,
and Cu ions is at the level of 0.01-0.1 mg/l [1]. Additional filtration after electroflotation allows to achieve a
recovery rate of a = 99% for all hydroxides.

It was found that the highest recovery efficiency (95-99%) was achieved in the conditions of a chloride
background electrolyte, which is explained by the extraction of a mixture of hydroxides.

In the phosphate pool, these metals are present in the form of phosphates, whose low recovery efficiency is
due to their small size (5-10 ym) and high negative electrokinetic potential (-35 mV — 40 mV).

In the carbonate background, hydrolysis processes occur, difficult-to-dissolve compounds, which also worsen
the processes of electroflotation extraction.

3. CONCLUSION

The intention of this work is to survey the main regularities of the process of electroflotation extraction of a
mixture of heavy and non-ferrous metal hydroxides in various electrolytes Na2SOa4, NaCl, NaNOs.

The conducted research shows the possibility of electroflotation extraction of a mixture of heavy and non-
ferrous metal hydroxides in various electrolytes with an efficiency of 99%.

When using the NasPOs electrolyte, iron, nickel, copper, zinc and cobalt hydroxides are excerpted to a low
degree, the recovery rate is 5-20% in the slightly alkaline region at pH = 10.

And when using the NaCl electrolyte, iron, nickel, copper, zinc and cobalt hydroxides are extracted to a high
degree, the recovery rate is 95-99%.
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