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Polyaniline anode for zinc electrowinning from sulfate electrolytes
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Abstract: Polyaniline (Pani) anode is tested to highlight the feasibility of reduction of both energy consumption and capital costs in
zinc electrowinning from sulfate solution without any modification to the existing plant. Current density, electrolyte temperature,
added gelatin, added Mn*", oxygen-evolution potential, cell potential and long duration tests were investigated. The zinc deposits
were also studied by means of scanning electron microscope (SEM) and X-ray diffraction (XRD). The results show that current
density and added gelatin change the preferred crystal orientations of the zinc deposits. Compared with Pb-Ag(1%) anode used in
industry, the cell voltage decreases by 0.15-0.30 V, energy consumption of Zn is 2.46—2.70 kW-h/kg which results in 20% energy
savings. Long duration tests show that Pani anode can represent a good alterative ability for zinc electrowinning. Zinc deposits
obtained have no Pb pollution. The additions of Mn*" ions and gelatin also change the surface morphology and deposit quality of the
electrodeposited zinc, affecting the crystal orientation. These researches demonstrate that Pani anode has distinct advantages over

acidic electrowinning process.
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1 Introduction

Zinc is an important member of the non-ferrous
metals and primarily produced from its ores of sulfide,
oxide and siliceous types via pyro-electrometallurgical
and hydro-electrometallurgical routes. Zinc electro-
winning is the main process step of hydro-
electrometallurgical route both from primary and
secondary sources and about 80% of the world zinc
production is carried out by this technique[l-2].
Reduction electrolysis of zinc is extremely sensitive to
the impurities present in the electrolyte[3—4]. Thus, the
process requires a very pure electrolyte with an
approximate composition of 65-70 g/L Zn®" and
120—180 g/L H,SO,. Energy consumption values of Zn
of 3.25-3.40 kW-h/kg are typical for zinc electrowinning
operations with 90%—-95% current efficiency. Recent
investigations in zinc industry have been mainly focused
on decreasing the energy costs in reduction electrolysis,
which is an energy intensive process.

It is well-known that any insoluble anode material
used for zinc electrowinning from sulfate solutions,

should possess at least three characteristics: high
electrical  conductivity[S] good electrocatalytical
capabilities (for oxygen evolution)[6], and good stability
(corrosion resistance)[7-9]. For various electrode
materials and electrolyte process, Pb-based alloy anodes
[10], Ti-based electro-catalytic coating anodes[11—12],
H, anode[13] and SO, anode[l14] are researched.
Evidently, they do not satisfy these requirements.
Despite the large number of studies, the most useful
material appears to be Pb-Ag alloy in which the Ag
content ranges from 0.5% to 1.0% (mass fraction)[6].
Oxygen over-potential, anode corrosion rate and current
efficiency of the Pb-Ag-Sb, Pb-Ag-Ca, Pb-Ca-Sn and
Pb-Co are investigated, but have no industrial application
[15-17].

In search of a suitable alternative to Pb-Ag anode,
polyaniline (Pani) anode has been found to be potential
in the anodes. It notably reduces the oxygen
overpotential and the corrosion rate of anode. In this
work, we focused on investigation of current density,
electrolyte temperature, oxygen-evolution potential, cell
potential and long duration tests on Pani anode during
zinc electrowinning in acidic zinc sulfate electrolytes.
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2 Experimental

2.1 Materials

The zinc electrolyte used in this work was prepared
from analytical grade ZnSO,.7H,O and H,SO,. The
foreign cation Mn®" ions were added as the sulfate salt to
get the desired electrolyte composition. Stock solutions
of 65 g/L Zn*" and 150 g/L H,SO, were prepared
separately using analytical grade reagents in doubly
distilled water.

The synthesis of Pani was similar to that described
previously in Ref.[18]. Pani anode was prepared by
mixing active materials with 5% (mass fraction)
polyvinyl to form slurry and titanium net as framework.
The slurry was pressed under 10 MPa by oil press (area:
4 ¢m?). The prepared anode was dried at 40  for 6 h
under vacuum.

2.2 Electro-deposition experiments

The optimum conditions of zinc electrowinning
were investigated through a series of laboratory scale
experiments. Electrolyte composition of 65 g/L Zn*" and
150 g/L H,SO4 was utilized and electrolyte temperatures
of 30, 40 and 50 were adopted. Moreover, current
densities of 500, 1 000 and 1 500 A/m” were tried in a
lidded 500 cm® double wall beaker where two anodes
and a cathode were placed 3.5 cm away from each other.
Anode and cathode materials were Pani and aluminium
alloy with dimensions of 6.0 cmX4.5 ¢cm X 0.2 cm,
respectively. Electrolyte circulation (1.5 L/min) was
carried out by a pump and current was supplied by a DC.
power supply. Electrolyte temperature was kept constant
with £0.2 precision through two heat exchangers
coupled in series. After electrolysis, the cathode was
washed thoroughly with water and acetone and dried.
The current efficiency (£0.3%) was calculated from the
mass of zinc gained by the cathode. Fig.1 displays the
schematic diagram of the experimental setup.

Fig.1 Schematic diagram of experimental setup: 1—Anode;
2—Cathode; 3—Electrolysis cell; 4—Pump; S—Power supply;
6—Heat exchanger

2.3 Characterization and electrochemical tests

X-ray diffraction (XRD) studies were performed
using a powder X-ray diffractometer (D/max—3BX) at a
scan rate of 0.5 (°*)/min. The surface morphology of the
deposits was examined by scanning electron microscopy
(SEM) using an XL 30 ESEM TEP+EDAX microscope.

3 Results and discussion

3.1 Effect of current density

As it can be seen from Fig.2, at the end of 1 h
electrolysis, the average cell potential values of 3.1, 3.3
and 3.7 V were obtained for the current densities of 500,
1 000 and 1 500 A/m” at 40 | respectively. The zinc
electro-deposits, obtained on the aluminium alloy
cathode in the different current densities were examined
by XRD to determine the preferred crystal orientations
and the relative growth of zinc on the preferred planes
and the results are given in Fig.3. The current density
had a significant influence on the orientation of zinc
crystals in the zinc electrowinning. The crystal orientations
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Fig.3 XRD patterns of deposits prepared at different current
densities and in the presence of gelatin: (a) 500 A/m; (b) 1 000
A/m?; (c) 1 500 A/m?; (d) In the presence of gelatin
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of all the zinc deposits showed a hexagonal crystal
structure, with the 26 positions of the peaks remaining
constant. Zinc had a strong preferred orientation of the
basal plane in the deposits prepared at 500 A/m’.

It was observed that the order of crystal orientations
for zinc electro-deposition at 500 A/m” were (101), (002),
(100), (102) and (103) (Fig.3(a)). With the increase of
current density, the growth of (002) and (103) crystal
planes were promoted and the growth of (100) and (101)
crystal planes were suppressed. Thus, the order of
preferred orientation was changed to (002), (101), (103),
(100) and (102) accompanied with the latter three planes
exhibiting a lower relative intensity at 1 500 A/m’
(Fig.3(c)). This result indicates that the zinc deposits
result in a more random orientation of the crystals at
1000 A/m’.

3.2 Effect of temperature

As a result of the experiments carried out at
different temperatures, the average cell potential values
dropped to 3.15, 3.09 and 2.87 V by increasing the
temperature from 35 to 45 and 55 at 500 A/m?,
respectively. To understand the effect of temperature on
the electrodeposited zinc morphology, the zinc deposits
were examined using SEM. Typical SEM photo-
micrographs are shown in Fig.4. As it can be seen from
Fig.4, morphological structure of the deposited zinc
proves that the characteristics of crystal growth change
from layered flake to nodular shape.

3.3 Effect of gelatin

For the deposited zinc from solutions without
gelatin and containing 2 mg/L gelatin at temperature of
40 and current density of 500 A/m’ the effect of

Fig.4 SEM micrographs showing effect of temperature and Mn®**
(¢) 50 ; (d) In the presence of Mn**

gelatin on crystal orientations using Pani anode was
investigated. Representative XRD patterns are redrawn
and shown in Fig.3(d). It was seen that in the presence of
gelatin, the order of preferred (k) planes of the zinc
deposits still were (101), (002), (100), (102) and (103)
with the latter three planes exhibiting a similar relative
intensity, but (002) plane exhibiting stronger relative
intensity than that of Fig.3(a). So, the addition of gelatin
to the electrolytes resulted in random orientation of the
zinc crystals. The presence of gelatin had no influence on
the cell potential.

The presence of gelatin caused significant changes
in the deposit microstructure and improved the hardness
of the pure zinc deposits. This result was attributed to the
alteration in the crystallographic orientation of the zinc
deposit. It is well known that zinc exhibits anisotropic
mechanical properties due to its hexagonal crystal
structure, i.e., the crystallographic orientation has
considerable influence on the mechanical properties. In
this work, the addition of gelatin promoted an
increasingly random orientation of zinc crystals,
resulting in a lower fraction of basal planes parallel to
the substrate surface. As a result, the orientation of the
zinc deposit limited basal plane slip and increased the
microhardness of the pure zinc deposit. The observed
relationship between zinc coating hardness and texture is
consistent with that observed by other researchers[19].

3.4 Effect of Mn**

For the deposited zinc from solutions without Mn*"
and containing 5 g/L Mn?" at temperature of 40  and
current density of 500 A/m’, the effect of Mn®" on
morphology using Pani anode was investigated. To
understand the effect of Mn®" on the electrodeposited
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zinc morphology, the zinc deposits were also examined
using SEM. Typical SEM photomicrographs are shown
in Fig.4. It can be seen from Fig.4 that the addition of
Mn?" significantly changes the morphology of the zinc
deposits as compared with that obtained from solutions
without Mn?". The zinc deposit obtained from
manganese free electrolyte was bright but not smooth
and consists of spinulose platelets of moderate size
(Fig.4(b)). The addition of Mn*" produced a more
compact deposit with a flake structure (Fig.4(d)). Thus,
addition of Mn®" did not change the morphology but
affected its compactness.

3.5 Long duration tests

Long duration tests were carried out at 500 A/m’
and room temperature (40 ‘C) using an electrolyte
solution containing 65 g/L Zn*', 150 g/L H,SO,, 5 g/L
Mn?" and 2 mg/L gelatin. The most interesting results of
the long duration tests are summarized in Table 1, where
the average current and voltage efficiencies were given,
together with energy yields and specific energy
consumption over 30 d of the electrowinning tests. One
may immediately note the good results shown by Pani
anode.

Table 1 Average results of electrolysis tests with Pani and
Pb-Ag(1%) anodes

Anode Current efficiency/%  Voltage efficiency/%
Pani 97.38 75.21
Pb-Ag (1%) 92.19 68.75
Anode Energy yield/% requisrlejrilcelrflvltj(il\f;i?kg’l)
Pani 71.79 245
Pb-Ag (1%) 63.38 3.25

The comparison was carried out with Pani and Pb-Ag
(1%) anodes. It can be seen that, there is pronounced
difference in the current efficiency. There is a wider one
as far as voltage and energetic efficiency is concerned.
Specific energy consumption is affected by cell voltage,
due, in our case, principally to the fact that the cell
voltage of Pani is lower (0.15—0.30 V) than that of
Pb-Ag (1%) alloy anode. Long duration tests showed that
Pani anode can represent a good alterative ability for zinc
electrowinning. Considerably high current efficiencies
(97%—99%) were obtained with energy consumptions of
Zn of 2.46—2.70 kW-h/kg as compared with 3.25-3.40
kW-h/kg of industrial electrowinning, which resulted in
20% energy savings. The specific energy consumption is
smaller than that of Pb-Ag (1%) anode and the lower
material costs.

4 Conclusions

Pani anode was studied to solve the problem of
reducing the capital costs of zinc electrowinning plant
and, if possible, the specific energy consumption without
any modifications to the existing plant. The following
observations are confirmed by the acidic zinc
electrowinning experiments:

1) It is possible to operate Pani anode zinc
electrowinning with an energy consumption of Zn of
246-2.70 kW-h/kg as compared with 3.25-3.40
kW-h/kg of Pb-Ag(1%) anode used in industry. Hence,
around 20% of energy can be saved by electrowinning
used Pani anode.

2) Cell potential increases as the current density
increases. Cell potential drops as the temperature
increases. Compared with Pb-Ag(1%) anode used in
industry, the cell voltage decreases by 0.15—0.30 V.

3) The preferred orientations of the zinc deposits
change from (101) to (002) with the increase of current
density, but the current density of 1 000 A/m* favors
(101) and (002) orientations.

4) The presence of gelatin results in random
orientation of the zinc crystals and improves the
microhardness of the pure zinc coatings.

5) The manganese-containing electrolytes produce
smooth and compacted zinc deposits.

6) Cathode rinsing waters must be recycled back to
the electrolysis step in a controlled manner in order to
avoid evaporation losses and to comply with the
environmental responsibilities. The Pani anode appears
to be the most promising technological alternative for
industrial zinc production in the future.
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