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At present appreciable attention is given to secondary 
processing of wastage containing non-ferrous metals, 
the preference being given to hydrometallurgical 
methods, which are the most harmless and less energy-
consuming.

A hydrometallurgical technology of secondary 
processing of nickel-iron batteries (NIB) was offered 
in [1]. One of its key points was the active mass (АМ) 
leaching by a 200-300 g l−1 (17−26 wt %) sulfuric acid 
solution [2.] 

Hydroxides of nickel(II) and (III) are the main 
components of the active mass of the nickel-oxide 
electrode of the exhausted nickel-iron battery. In addition 
a signifi cant amount of iron and carbon compounds and 
a solid residue of the electrolyte (sodium hydroxide and 
carbonate) are present there. The active mass can be 
polluted by copper, sulfur, phosphorus, and tin in the 
form of trace admixtures with the contents of hundredths 
or thousandths shares of percent [3]. In most cases, the 
presence of trace contaminants does not essential by 
affect the determination of macrocomponents, however, 
certain analytical procedures require a careful selection 
of experimental conditions for obtaining reproducible 
results.

Depending on the quantitative nickel content in 
a sample under study the analysis is carried out by 
various methods: gravimetric, volumetric (titrimetric), 
or photometric [4, 5].

One of known volumetric methods of nickel determina-
tion is the complexometry. This method is based on the 
formation of complex compounds of sodium ethylene 
diamine tetraacetate (EDTA, Trilon B, or complexon III) 
with nickel ions in the presence of an indicator changing 
its color in an equivalence point (e.p.).

The values of the instability constants of nickel(II) 
complexes with EDTA рК1 HEdta3− = 11.56 and HEdta4− = 
18.62 [6] suggest that a great number of cations of other 
metals will hinder the determination of nickel.

However, despite of it, the complexometric titration 
fi nds practical application for the determination of nickel 
in plating baths [7], alloys with copper and other non-
ferrous metals [8], and in condensation polymers [9].

In this work it was of interest to determine the nickel 
content in a solution of complex composition, without 
its preliminary separation in the form of an organic 
complex and without masking iron, which is the main 
admixture that should be removed in the sulfate form at 
the secondary extraction of nickel from the nickel-oxide 
electrode active mass.

 
EXPERIMENTAL

Choice of an indicator and experimental conditions. 
The following indicators can be used in the complexometry 
of nickel [6, 10]: murexide, 1-(2-pyridylazo)-resorcinol 
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(PAR), azoxine, eriochrome black Т, eriochrome blue SE, 
metoomegachrome blue BBL, omegachrome black PPV, 
pyrocatechin violet, 1-(2-pyridylazo)-2-naphthol (PAN), 
alizarin S, and acid chrome dark blue.

Chemical analysis was carried out on the basis of 
Joint-Stock Company “Mekhanobr Engineering Analit” 
Regional analytical center.

In the case when the reaction of nickel with EDTA 
at an ambient temperature is time consuming or nickel 
ions form stronger complexes with the indicator than 
with the conlexonate, the method of the back titration 
of the complexon (EDTA) excess by Mg, Zn, Cu, and 
Th salts was applied. Examples of such indicators are 

eriochrome black Т, alizarin S, and acid chrome dark 
blue. The choice of the indicator, which is governed by 
the chemical composition of a sample under study and 
the presence of hindering ions, defi nes the experimental 
conditions and the technique of the equivalence point 
determination. As nickel-containing solutions are of a 
rather intensive green-blue color, this analytical method 
is applied to dilute solutions.

It this work we have selected the method of direct 
titration with the visual technique of the equivalence 
point determination in an ammonia buffer mixture with 
a 0.1% aqueous solution of pyrocatechin violet as 
an indicator [6].

The chemical composition of the nickel-oxide electrode 
active mass is shown in Table 1. As the procedure for its 
analysis with this indicator is not developed at present, 
we have carried out a series of experiments with pure 
solutions according to the method “taken-found” in the 
presence of the main admixture, iron(II) sulfate. For these 
experiments we used NiSO4·7H2O aqueous solution with 
an experimentally determined titre of 16.2 mg ml−1. The 
рН of the medium (~8–10) was supported by adding 
a buffer mixture NH3(aq) + NH4Cl in the ratio 1:1 [11]. 
The volume of an aliquot was 10.0 ml. The determination 
of nickel by this method was carried out in the presence 
of iron(II) at the iron : nickel ratio of 1:32, which is 
characteristic for the solid active mass. 

The presence of iron(II) in a solution under analysis 
leads to an overestimated result. However an addition of 
hydrogen peroxide (H2O2) reduces the error due to iron(II) 
oxidation to iron(III). The systematic error of the nickel 
determination in the solution is 2−3%.

Analysis of a solution resulted from sulfate-acid 
leaching of an active mass of a nickei-oxide electrode 
of a nickel-iron battery. A weighted sample of an АМ 
powder (weight about 1 g) was dissolved in 50 ml of 
a 30% H2SO4 solutions with heating on a sand bath 
(T ≈ 80°C). The volume of the solution after fi ltering was 
brought to 200 ml by distilled water.

A solution under analysis (10.0 ml) was placed in 
a 250 ml Erlenmeyer fl ask, 100 ml of a buffer mixture 
NH3(aq) + NH4Cl (1:1) and 15 ml of H2O2 were added. 
Several drops of an indicator (0.1% aqueous solution 
of pyrocatechin violet) were added and the sample 
was titrated with a 0.1 N solution of complexon III up 
to color change from blue-green to black-violet. The 
complexon solution was preliminarily standardized by 
a 0.1 N solution of zinc chloride.

Table 1. Chemical composition of active mass of the nickel-
oxide electrode of the exhausted nickel-iron battery 

Table 2. Data of the complexometric determination of nickel 
content in a solution resulted from the sulfate-acid leaching 
of an active mass of a nickel-oxide electrode of an exhausted 
nickel-iron battery
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The determination of nickel content was carried out in 
three probes taken from АМ of the same plate of a nickel-
oxide electrode of an exhausted NIB. The experimental 
results are given in Table 2. 

It follows from our experimental data that nickel is 
distributed in the active mass inhomogeneously. The 
content of nickel in the solution resulted from sulfate-acid 
leaching of an active mass of a nickel-oxide electrode 
of an exhausted nickel-iron battery is (g): sample no. 
1—0.3057 ± 0.0100, no. 2—0.4123 ± 0.0046, and no. 
3 —0.4194 ± 0.0055 at a confi dence probability α=0.95. 
The error of the method is close to 3%.

On the basis of our experimental data and the results 
of the АМ chemical analysis (Table 1) we have calculated 
the degree of nickel extraction into solution during the 
sulfate leaching. The corresponding average value is 
90.6% at 80°C. The acid is consumed in the ratio of 
50 ml per 1 g of a dry solid.

CONCLUSIONS

1. The content of nickel in a solid active mass of 
a nickel-oxide electrode of an exhausted nickel-iron 
accumulator is 39.1%.

2. The content of nickel in a solution after a sulfuric 
acid leaching is 0.304–0.421 g at a confi dence probability 
of 95%.

3. The systematic error of the complexometric nickel 
determination in the active mass of the nickei-oxide 
electrode of an exhausted nickel-iron battery does not 
exceed 3%.

The authors are grateful to the collective of Joint-Stock 
Company “Mekhanobr Engineering Analit” Regional 
analytical center and personally to laboratory chief 
S.N. Zimina for help in fulfi lling chemical analyses.
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