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ABSTRACT

It iswell known that the electrochemical precipitation of metals from agueous solutions is conducted
by the electrochemical standard potential scale. This scale indicates the order of nobility of different
metals. Consequently, the standard potential scale shows the nocivity of metals when they are present
asimpurities in agueous solutions containing metals. In the hydrometallurgy of cobalt, nickel and zinc
are co-deposited during cobdt eectrodeposition. Nickd has dmost the same chemical, physica and
electrochemical properties as cobalt. Furthermore, the electrochemica potentid of nicke is reatively higher
than that of cobdt. For this reason nickel is preferentially reduced at the cathode in the presence of
cobalt. The presence of small amounts of zinc in solution leads to contamination of cobalt electro
won. In spite of its lower dectrochemica potential in comparison to cobadlt, zinc is reduced on the cathode
because of its higher hydrogen-overvoltage. But, in the hydrometallurgy of zinc, small amounts of
cobalt present into solution will contaminates the zinc reduced at the cathode. Thisis easily explained
by the fact that cobalt is more electropositive than zinc. The co-deposition mechanism of sulphur at the
cathode is not yet well understood. Great attention has to be paid to the mechanism of co-deposition of
sulphur during cobalt electrolysis. This work aimed to investigate the influence of some parameters on the
co-depodition of nlckel zinc and sulphur during cobalt electrowinning. The following parameters have been
investigated : Co™ concentration in the electrolyte, current density and ammonium sulphate (NH,),SO4
additions. It has been established that important nickel, zinc and sulphur co-deposition takes place a
relatively low Co™ concentration in solution. The behaviour of these elements with regard to the cathodic
phenomena has been established.

INTRODUCTION

Cobalt containing ores are usually treated by a sulphuric acid - dectrowinning process. Many impurities are
present in the leach liquor. Nickel and zinc are the most harmful impurities. They cannot be completely
removed from solution by precipitation, cementation or ion-exchange. These dements are therefore co-
deposited with cobalt at the cathode during cobalt electrolysis. Furthermore, it has been observed that
cobalt cathodes, obtained by dectrolysis in sulphate media, contain up to 1,500 ppm of sulphur*?. The
influence of the following parameters on the codqoostlon of these impurities during cobalt electrowmnmg has
been investigated in the present work: Co®" concentration in the electrolyte solution, current density and
(N H4)2$4 addition.

EXPERIMENTAL
Solution
A sample of an indudtrid cobdt sulphate solution from the Gecamines Shiturii Plant (Katanga / D. R.

Congo) was used in the experiments. Its chemica composition is given in table 1. The content of the
different dements has been adjusted by evaporation, dilution with digtilled water or addition of pure

chemical resgents
Table 1. Chemica composition of the cobalt solution

oo 289l |Siipnae [318591L
NI 00791  |Siua) 31%g1
o 265mg/l |Fenomy 01791
o 020mg/l [H,S0 7.37¢/1
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Experimentd procedure

Electrolysis experiments were carried out in a glass vessel containing the electrolyte in which three
electrodes, two anodes and one cathode, wereimmersed. With reference to industrial practice, the cathode was
astainless sted and the anode material was a Co-Si aloy. The cathode had an exposed surface of 46.8 cn?.
The dectrolyte was continuoudly agitated in order to ensure uniformity in solution compostion. The cdl was
placed in a bain-marie. Thy» bath temperature was measured using a quartz sheathed thermometer immersed in
the eectrolyte and autometicaly regulated by a thermodtat. Regulaion of current density was performed by
varying the current intendity of the eectrolyss cdll. The intendty and voltage were measured by means of a
potentiometer.

Their values were continuoudy recorded. The experiments were carried out with an eectrolyte which had an
initial pH-vaue of 6.3. The bath temperature was kept congtant at 80 °C in al test series. The ratio
cobalt/Me (Me = nickel, zinc or sulphur) in the electrolyte remained unchanged in dl experiments.

RESULTSAND DISCUSSON
Effect of cobalt concentration
Flgure 1 shows the effect of cobat concentration in the electrolyte on the cathodic co-deposition of

nickel, zmcandsulphur Nicke co-deposition decreases linearly with increasing cobat concentration. The same
@iﬂlour is observed for zinc. Sulphur evolution exhibits a parabalic tendency with a minimum a about 50 g/1
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Figure 1: Influence of cobalt concentration on the
co-deposition of Ni, Zn and S (T = 80 °C, J= 250 A/m’)

These results dearly indicate that the competition between cobdlt, nickel and zinc ions on the cathode decreases
with increasing cobalt concentration in the solution. Theoretically, the reduction on the cathode occurs with
preference for the ion which has the greatest redox potentia in the electrolyte. Standard redox potentials
at 25 °C are given in table 2. Beside other parameters which have an influence on the cathode reection, the
sequence of cathodic deposition should be the following: hydrogen, nickel, cobalt and zinc. The reduction
potential of an dement isexpressed by the following equation:

E mne/m = E mnom + {RT/NF}X IN[M™] (1)
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According to equaion (1), if different ions have the same value of potentia, they could be reduced
simultaneoudy et the cathode. In this context, for nickel and cobat co-deposition, thefollowing

E coz+/co = E” Nizwini (2)

eguation appliesapplies

From equation (2), in the experimental conditions prevailing here, the Ni**/Co™ ratio in the dlectrolyte must be
0.17 for asmultaneous deposit of cobat and nickel.

This means that for an electrolyte, which contains for example 28 g/1 Co™, the concentration of nickel must
be higher than 6.56 g/1 before any co-deposition can be observed. However, the used solution contained
only 0.07 ¢/1 Ni** (Ni**/Co®" = 0.0025), as mentioned in table 1. Despite this fact, nickel co-deposition
occurred. In the case of zinc, its concentration in solution must be very high. In the present situation, the
reduction of zinc in presence of cobat could not occur, since the zinc content of the used solution was very low
(2.85 mg/l Zn™). This reasoning clearly demonstrates that the observed co-deposition of nickel and zinc
during cobalt dectrolysisis driven by other factors or mechanisms than their relative concentrations alone. K.
Y. Sasaky and J. B. Talbot™" established, using the electrodeposition model of W. C. Grande and J. B.
Talbot 1" that co-deposition of nickel from cobat solutions takes place through monohydrolysis of nickel ions
which arethen present as Ni(OH),.

Table 2: Standard reduction potentidsat 25 °C

Blements E° [vali]
H'/H. 000
Ni“*/Ni -025
Co”ICa -028
Zn°'IZn -0,77
Effect of current density

Theinfluence of current density on impurities co-deposition during cobalt electrolysis has been the subject of
numerous investigations. The results of this work are presented in figure 2 which indicates impurity
contentsin cobat cathodes at different current densities. Zinc co-deposition increases with increasing current
density. The sulphur content goes down when the current density increases, while nickel co-deposition

remains amost unchanged.
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Figure 2: influence of current density on the co-deposition F.igure 3: effect of (N H4)zs_o_4 addition on nickel,
of nickel, zinc and sulphur (T = 80 °C, [Co™] = 35 g/l) zinc and sulphur co-deposition

Page 375



The South African Ingtitute of Mining and Metallurgy The Third Southern African Conference on
Base Metals
K Kongolo, C T Mutaleand M K Kalenga

N. Zech et d.*® established that the co-deposition of nickel during cobalt electrolysis was driven by mass
transfer, which is strongly influenced by the current density. This hypothesis seems not to be confirmed in the
present work, since the effect of current density on nickel co-deposition is visibly negligible. Nevertheless, the
increase in zinc co-deposition with increasing current density could be influenced by mass transfer
phenomena as shown in figure 2. It appears that zinc co-deposition depends more strongly on mass-transfer
effects than does nickel deposition in the investigated interval of current density.

Effect of (NH,4),SO, addition

(NH,)2S0, is usudly added to the cobalt electrolyte solution in order to increase its conductivity and to
decrease the cathodic over-voltage™. The influence of this addition on impurities co-deposition has been
investigated in the present work. The results shown in figure 3 indicate that, under the experimental
conditions prevailing in this work, (NH,),SO,4 concentration in the electrolyte seems to have no influence on
the co-deposition of nickel and zinc. In contrast, the sulphur content decreases from 500 to 100 ppm while
the (NH,),SO, addition was varied from 15 to 20 g/1. This sharp decrease in sulphur co-deposition indicates
that the effect of (NH,),SO, addition is very effective at dosages higher than 15 g/1. However, it was found that
the sulphur content is lower for solutions in which precipitation of impurities like nickel and zinc have been
performed by precipitation with S-ions than for solution in which no S -ions have been added. Sulphur
deposition on the cathode could therefore be due to the presence of S ions in the electrolyte. It can also be
presumed that the observed decrease in sulphur co-deposition with increasing current density could be due to
the oxidation of S by the increasing oxygen quantity which is released at the anode. It is evident that increasing
current density induces an important oxygen by the interaction between (NH,)* and S which considerably
reduces the mohility of S It cannot be excluded that production at the The decresse in sulphur co-deposition
with increasing (NH,),S0; addition could be explained sulphur ions could be absorbed by (NH,)" ions, thereby
decreasing their mobility in the dectrolyte. Further works are necessary for a better understanding of the
complex mechanism of sulphur behaviour during cobalt dectrolyds

Effect of cobalt concentration on Me/Coratio in the metal deposit

For a good interpretation of the test results, it was necessary to observe the effect of some parametersonthe
ratio Me/Co in the cathodic deposit. The influence of cobalt concentration in the electrolyte and the
current density on the ratio Me/Co in the deposit is shown respectively in figures 4 and 5. In all cases
the ratio Me/Co in metd is higher than in the dectrolyte. K. Twite et d.?* and A. Bouyaghroumni et d.*
observed thet the Ni/Co rdtio ishigher in metd than in eectrolyte.

s 6 —e—Ni/Co
x —a—2Zn/Co
-} C
E 4 + ...0..-S/Co
1 ‘.0

2+ o i

\.. ’o.-‘
9..-0
0 —t L t t
20 40 60 80 100
Co?[g/l]

Figure 4: Effect of cobalt concentration in solution on the
ratio cobalt/impurity in the metal ( J = 400 A/m’)

On the other hand, it was been observed that the Ni/Co ratio on the cathode is linearly depending of Ni/Co ratio
and the (NH.,),SO, concentration in the dectrolytd?. The Me/Co ratio is higher in the deposit than in the
electrolyte and this goes up with increasing cobalt concentration in the electrolyte and increasing current
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density. In contrast, the Ni/Co ratio decreases with increesing Co® concentration in solution. The behaviour
of SCoisdifficult to undergtand.

Effect of current density on Me/Coratioin metal

The influence of current dengity on the Me/Co ratio in the deposit is shown in figure 5. The Ni/Co and Zn/Co
ratios increase while the current density varies from 100 to 400 A/n?. It appears that the increese in current
density increases nickel and zinc co-deposition on the cathode, in addiition to increased current efficiency™®. The
S/Co ratio decreaseswith increasing current density.
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Figure5: Effect of current density on theratio cobalt/impurity in metd (J=400 AIn?)
CONCLUSONS

It has been found that both Co®* concentration in solution and current density strongly influence nickel, zinc as
well as sulphur co-deposition during cobalt € ectrowinning. Within the range of cobalt concentrationin the
electrolyte studied in this work, high cobalt concentrations decrease the nickd and zinc co-deposition. It has
been demonstrated that co-depaosition of nickel is not only dependant on the hindering of the more noble
metal by the less noble one. On the other hand, zinc and cobat co-deposition was dso found to be afunction of
the current density, increasing at higher current densities.

Sulphur co-deposition is difficult to understand, but it can be presumed that sulphur behaviour depends on the
presence of S2- in the eectrolyte. Further research works are necessary.

From the test results, it was recommended to have an dectrolyte with high Co* concentration of
goproximately 50 g/, low Ni*/Co* and Zn**/Co™ ratios and a current density of about 400 A/m? to obtain a good
quality eectrolytic cobdlt.

ACKNOWLEDGEMENTS

The support from the G6camines Metalurgica Research Centre in Likad, and the Polytechnic Faculty of the
Universty of Lubumbashi (D.R. Congo) is gratefully acknowledged.

Page 377



The South African Ingtitute of Mining and Metallurgy The Third Southern African Conference on
Base Metals
K Kongolo, C T Mutaleand M K Kalenga

REFERENCES

[1] P. Louis, B. Kaala and T. Shungu: "Quality of the Cobdt produced by Gecamines: Discussion on the
mechanism of the electrodeposition of most impurities', Extractive metallurgy of nicke and cobat, The
Metdlurgy Society, Inc. Warrendale, Pennsylvania, 1988, pp. 531-541

[2] K. Twite, J-M. Dereydt, K. Mujinga and P. Louis. "Industria in-pulp Co-Ni Alloy Electrowinning at
the Gecamines Shituru Plant”, Journa of Metds, 1997

[3] U. M. Mutati and K. Nityanandam: "Operdions of the vacuum induction refining (VIR) Plant at
Chambichi Mine of ZCCM Ltd to produce high purity cobdt metd”, Extractive metallurgy of nickel and
cobalt, The Metdlurgy Society, Inc. Warrendale, Pennsylvania, 1988, pp. 543-554.

[4] A. Bouyaghroumni, P. Versaud and O. Vittori: "Electrodeposition of Co-Ni on Aluminium Plate from
Chloride Bath", Canadian Metalurgica Quarterly, Val. 35, N° 3,1996, pp. 245

[5] K. Y. Sasaky and J. B. Tabot: "Electrodepostion of Binary Iron-Group Alloys', Journa of the
Electrochemical Society, Vol. 142, N° 3, Mars 1995, pp. 775-782. _

[6] N. Zech, E. J. Podlaha and D. Landlot: "Anomaous co-deposition of Iron Group Metas - |.
Experimental Results', Journal of the Electrochemica Society, Vol. 146, N° 5, Aug 1999, pp. 2836-2891.

[7] W. C. Grande and J. B. Tdbot: in Magnetic Materids, Processes and Divices, L. T. Romankiw and D.
A. Herman, J., Editors, PV 90-8. The Electrochemical Society Proceedings Series, NJ 1990, p. 487., .,

[8] W. C. Grande and J. B. Tabot: "Electrodeposition of Thin Films of Nickel-Iron, 1. Modelling", Journa
of Electrochemicad Society, VVal. 140, 1993, pp. 675-68

Page 378




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


