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The effect of current density, the cathode material and the duration of electrolysis on the
process parameters (current output of the metal, the degree of extraction and the extent of acid
regeneration) of the electrolytic regeneration of spent pickling solutions in the separated

electrode spaces was investigated.
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Introduction

The study of the regularities of the cathodic
iron reduction from acid sulfate solutions have
allowed to establish the fundamental possibility of
recycling waste sulfuric acid electrolytic pickling
solutions [1, 2]. With such processing, along with
the problem of disposal of environmentally
harmful waste of pickling plants [3, 4] it is possible
to regenerate original pickling solution, and get
valuable product in the form of iron powder.

It is stablished [2] that the traditional pattern of
electrolysis with combined electrode spaces the
power of extraction of dispersed iron increases
with the duration of electrolysis. When the amount
of electricity passed through the electrolytic cell is
about 120 A < h/l the level of iron extraction
reaches its maximum - 70%. Further increase in
the number of missed electricity causes a sharp
decrease of the current efficiency of the iron
deposit that is connected with a significant
acidification of the electrolyte anode reaction
products.

Improving the efficiency of the extraction
process in the electrolytic iron refining of pickling
solution can be achieved by the division of the cell
electrode spaces to avoid mixing of solutions of the
cathode and anode spaces. for the separation the
electrochemical membrane selectively reflecting or
not reflecting the electrolyte ions are used[5].
Proper  selection of membranes ensures
accumulation of hydrogen ions in the anode and
cathode of iron in the cell spaces. Industrial
production of electrochemical membranes is
carried out in Russia (MF -4 UK) and the USA

("Nafion").

The conditions of formation of cathodic reduction
of iron powder in the cell with separated electrode
spaces are studied. As a model of the
electrochemical membrane porous glass partition
with a relatively low electrical resistance was used,
which significantly hinders mixing electrolyte.

Results and Discussion

The results of studies of the effect of cathodic
current density on the current efficiency of the iron
sediment from the solution composition 200 g/l
FeSO, + 20 g/l H,SO4, as the most suitable
composition of spent pickling solutions, are shown
in Figure 1.

Dependence of the yield of current efficiency
on the density is extreme. Maximum yield of
current is about 65% at a current density of 60
A/dm’. The structure of the deposit is essentially
dependent on the magnitude of the current density.
For small values of (5-10 A/dm®) dense sediment
with good adhesion to the substrate is formed. At
current densities in the range of 10-60 A/dm’
predominantly powdery residue in separate easily
destroyed by mechanical action dendrites are
formed and at 60-70 A/dm’ the number of
dendrites is about 80% of the total mass of
sediment. All the sediment is relatively easily
removed from the surface of the cathode.

The increase in current density up to 90-100
A/dm* is accompanied by decrease in the
proportion of dendrites in the sediment; one part of
the sediment is difficult to remove from the surface
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Figure 1. Effect of cathode current density on the current efficiency of metal
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Figure 2. Effect of cathode material on the current efficiency of iron powder

of the cathode. The iron output of current
efficiency decreases.

Thus, we can recommend the reduction of iron
powder from spent sulfuric acid of pickling
solutions under conditions of separated electrode
spaces at a current density of about 60 A/dm’.

At high current densities, a significant impact
on the structure of the sediment and nature of its
crystallizationas well as the output current of the
metal is caused by the nature of the cathode

material [6, 7]. The character of expansion of
powdered cathode deposit depends on the ratio of
the velocity of the nucleation and growth of
crystallization center on the surface of the cathode.
If the surface of the cathode is covered with thick
oxide films then the structure of deposited metal is
finely crystalline, since there is a significant
number of crystallization centers. On the primary
layers of sediment in the future many small
branched of crystals are created i.e. in general
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finely loose sediment is obtained.

The substrate has an effect on the
crystallization of loose cathodic reduction of iron
sediments due to different ratios of active and
passive parts of the surface of cathodes and macro
- and micro-relief. That is, the nature and surface
conditions of cathodes are determined by laws of
the initial stage of formation and distribution of
nuclei on the surface that causes the formation and
the subsequent character of the deposit.

Dependence of the yield of iron current
efficiency during electrolysis on the nature of the
cathode material is related to the hydrogen
overvoltage at the cathode. This impact, however,
occurs mainly in the initial stages of electrolysis.
More significant impact on the current efficiency is
provided by structure and nature of the subsequent
expansion of loose sediments. Particularly
significant it is manifested in the use of different
metals as cathodes. The use of alien to the material
sediment of cathodes, i.e. iron, leads to a different
nature of redistribution between the co-flowing
current during the discharge of metal ions and
hydrogen.

Figure 2 shows the effect of the nature
of cathode metal on the current efficiency of iron
powder at current density of 60 A/dm”.

The highest current efficiency occurs at the
cathodes of stainless steel that gives the basis to
recommend this material in the organization of
industrial processing of spent pickling solutions

under conditions of separating electrode spaces in
electrolytes. This mode allows obtaining the iron
powder with current efficiency of at least 60%, the
powder is highly dispersed, contains powdery
dendrites and is easily separated from the cathode
surface.

For development of technologies of the
electrolytic regeneration of spent pickling solution
the changes of the current efficiency of metal, the
concentration of iron and sulfuric acid in the
electrolyte are studied, i.e. as its production at
increase in quantity of electricity passed through
the electrolytic cell. The development of the
electrolyte was carried out at a density of 60 A/dm’
cathode current, using a stainless steel cathode and
the anode of lead. Periodically, at intervals of two
hours, the electrolysis was stopped and the current
concentration of sulfuric acid in the electrolyte was
determined. By the mass of iron powder its current
efficiency was calculated. The results are presented
in Figure 3.

With increasing number of electricity passed
through the electrolytic concentration of sulfuric
acid in the anode space increased by about ten
times (20 to 200 g / 1). Changes in the iron current
efficiency, namely its sharp decline becomes
noticeable after passing of electricity through the
electrolyte of 160 A*h/1.

The calculated values of the degree of
extraction of iron from the electrolyte to the extent
of its production are shown in Figure 4.
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Figure 3. Influence of the duration of electrolysis on the iron current efficiency and concentration of the acid in the
electrolyte
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Figure 4. Influence of the duration of electrolysis on the degree of extraction of iron
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Figure 5. Influence of the duration of electrolysis on the level of acid reduction

As can be seen in Figure 4, the degree of
extraction of iron with the number of the missing
electricity increases with the amount of about 160
A« h/l and reaches its maximum - about 90%.

If we assume that at etchinga 20% sulfuric
acid is used, ie acid with an initial concentration
230 g / L, then the regeneration rate (CP) of
sulfuric acid can be calculated according to the
equation

CP =C ¢/ C 1as.- 100 %,

where C,, — current concentration of acid in the
anode zone, measured with increasing number of
the missed electricity.

The degree of acid reduction in process of
development electrolyte increases with the number
of missed electricity 160 A < h /I and reaches its
maximum - about 85% (Figure 5).

According to an analysis of the theoretical and
experimental research for industrial use a cyclic
scheme of electrolytic iron extraction from spent
pickling solutions with the separation of the
electrode spaces in cells is suggested. Each cycle
of the process should be economically feasible to
conduct the number of transmitted electricity not
more than 150-160 A < h/l. The next cycles of the
process include regeneration of the following
portions of spent pickling solutions.

Calculation of the efficiency of the electrolysis
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process of recycling waste of pickling solutions
according to the method given in [2] showed that
the performance of the electrolytic bath 1 m’ is 2.5
kg / h, and the unit cost of electricity - 6.0 kW * h
per kilogram of produced iron powder.

Thus, the rational mode of electrolytic refining
of waste sulfuric acid pickling solutions under
conditions of the electrode spaces separation in
cyclical pattern of the process will provide the
degree of extraction of iron from the spent pickling
solution up to 90% at the degree of regeneration of
sulfuric acid 85%.

Conclusions

1. Under the conditions of the use of an
insoluble anode and electrode spaces separation of
electrochemical cell extraction of dispersed iron
from spent pickling solutions is characterized by
current efficiency of about 60% at a current density
of 60 A/dm2.

2. Investigation of the effect of the cathode
material on the efficiency of the iron extraction
process allows recommending stainless steel
X18H9 as the cathode material for electrolytic iron
refining of pickling solutions.

3. TItis established that according to the cyclic
pattern the electrolysis refining process should be
economically feasible conducted to the amount of
missed electricity no more than 150-160 A« h /1.
In this case, extraction of iron from spent pickling
solutions will be about 90%, the degree of acid
reduction - at least 85%, the unit cost of electricity
will not exceed 6.0 kW  h per kilogram of cathode
reduced iron powder.
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HccnenoBanue 31eKTPOTU3HOM
pereHepanum oTpadOTAHHBIX TPABUJILHBIX
PacTBOPOB B YCJOBHSAX Pa3/ieIeHHbIX
3JIEKTPOJHBIX MPOCTPAHCTB

[unuyk C.W., I'permux A.M., benas E.B.,

KoB3uk A.H.
HccrnegoBano BIMSHHE IIJIOTHOCTH TOKa,
MaTepuaja KaToga W MPOAODKHTEIHHOCTH

3JEKTPOJIM3a Ha IapaMerpsl Ipolecca (BbIXOA
0 TOKY MeTajljla, CTENEeHb €ro MW3BJICUEHUS,
CTENEeHb pereHepaluy KUCIOTHI) 3JIEKTPOIU3IHON

peresepanuu 0TpabOTaHHBIX TPaBUJIBHBIX
pacTBOpOB B YCIOBHSIX pa3aeneHHbIX
3JIEKTPOJHBIX MIPOCTPAHCTB.
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