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ABSTRACT

The study isfocused on the use of hydrogen peroxide on cobalt electrow-
inning and its advantages over conventional electrowinning cell practices.
The current efficiency increased dlightly to an optimum concentration of
H,0,, under fixed electrowinning conditions of current density-200Amp/
nm?, pH-3, Co*-45¢g/L and separation of electrode by 50mm. Further in-
crease of additive concentration resulted in decreasing values of current
efficiency. SEM analysis, DSC analysisand X-ray diffraction patternindi-
cated improved microstructure with the hep lattice of cobalt metal in pres-
ence of hydrogen peroxide. The improved microstructure resulted in im-
proved microhardness. The addition of H,O, also resulted in formation of
less or no sludge and the mechanism for the same is proposed on basis of
the cyclic voltametry. © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION

Thereisagrowinginterest in magnetic thinfilms,
especialy in cobalt films, dueto their wide range of
application asmagnetic datastorage devices* . Elec-
trodeposition isone of the easiest method to produce
cobat and has severd advantagesover dry processes®.
Electrodeposition does not require vacuum technol -
ogy!"® and consequently isless expensive. It can be
easily scaled up for depositing uniformfilmson large
szed complex surfaceswithout any shadowing effects.
Theexperimenta systemsused are much simpler than
evaporation or sputtering apparatus and el ectrodepo-
sition can be aroom-temperature technol ogy. How-
ever, there are some drawbacks associated with the

process, such asthe need for aconducting/ semi con-
ducting substrate, the limited number of elementsthat
can be deposited and thelarge number of variablesthat
influencethis process, like composition, pH, concen-
tration, current dengity, temperature and agitation. Hex-
agond closepacking, hepistheusud structurefor elec-
troplated cobalt. It isalso known® that face-centered
cubic, fcccobdt, whichisstableat temperaturesabove
422°C, can sometimes be obtained from electrodepo-
gtion at ambient temperatures. Gel chinski et al'® have
el ectroplated, cobalt-chromium alloys containing the
cP8 structuretype'**? at room temperature, that isstable
only at hightemperatures, according totheequilibrium
phase diagram. Several researcherg®¥22: have re-
ported that the pH of the bath solution significantly af-


mailto:trivedibhavna@yahoo.com;
mailto:prbaaharan_g@yahoo.co.in

RREC, 5(4) 2014

Bhavna M.Trivedi and GPrabaharan

93

fectsthe structureof cobalt formed by el ectro deposi-
tion. A solution with alow pH (below 2.5) was re-
ported to favor fcc cobalt, whereasahigh pH (above
2.5), hightemperature and agitation favored theforma-
tion of hcp cobdt inasulfate or chloride bathi*18, The
high current dengitiesin sulfamate solutionswerefound
to favor the cubic structure?,

Lakshminarayanan etal.[?® had patented theidea
of useof vanadium pentoxideasadditiveto prevent the
dudgeformation and to get better morphology whichis
detrimentd inmechanicd propertiesof themetad. How-
ever foracommercia plant thisideaisnot practical as
added vanadium pentoxidewill remaininthespent ec-
trolyteand enter the solvent extraction circuit whichmay
build upinthesystem and oxidizethe organic solvents.

Thus, thereisaneed of an additivewhich canim-
provethemorphol ogy without disturbing thecobdt metd
production circuit. Hydrogen peroxide being agood
reducing agent cheap, easily availableand compatible
with theelectrolyte system can be considered as addi-
tivefor thereduction of cobat oxide dudgeformation
21301 K ongstein®! had reported that the quantity of
cobdt oxideformed onthe Ti/RuO2-1rO2-TiO2 el ec-
trode dropped to lessthan haf, on addition of 0.054 ¢/
L H,O, totheelectrolyteprior toelectrolysis. After elec-
trolysiswith higher H,0O, concentrations of 0.17 and
0.22 g/L, no deposit was seen on the anode surface.
Furthermore, a small decrease was observed in the

TABLE 1: Effect of H,O, on current efficiency of themetal
produced by electrowinning

Concentration of Current Wt of CoOOH
H,0,, in ppm efficiency in % formeding

0 68.1 0.30

30 70.2 0.20

60 71.4 0.10

150 74.4 0

200 72.8 0

300 69.7 0
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anodepotentia withH,O, inthee ectrolyte. No changes
were detected in the plated cobalt metal or cathodic
current efficiency when cobalt was deposited froman
electrolyte containing 0.22 ¢/ H,O, withasoluble co-
balt anode. From the experiments carried out by
Kongstein®, it was not possibleto concludeif H,0,
resulted in suppression of the cobalt oxide deposition
reaction, or cobalt oxidewasredissolved by H,0,.

In the present study an attempt hasbeen madeto
study the effect of hydrogenperoxide asadditiveonthe
morphology and phase structure of cobalt metal elec-
trodeposited from asulfate bath under standard el ec-
trowinning conditions.

EXPERIMENTAL

Electrowinning

Thedectrowinning experimentswere parformedin
anacryliccell of 1.4 L, equipped with two |ead—anti-
mony alloy (50x100x8 mm) anodes separated by
50mm stainless steel cathode (60x100x2mm) using
cobalt pregnant el ectrol yte containing 45 g/L of cobalt,
prepared from cobalt sulphate heptahydrate (Merck).
Flow rateof the pregnant el ectrolytewas maintained at
5 mL/minusing aperistaltic pump, throughout, for all
the experiments. Hydrogen peroxidewas used asre-
ceived from Nationd peroxidelimited without further
purification. H,O, was addedto thefeed tank contain-
ing 1.8 L of pregnant electrolyte before el ectrowinning
using agraduated pipettefor the concentration between
50ppm to 300 ppm. Each experiment was carried out
for 6 hours at current density of 200 A/m?. Cathode
and anodes were removed at the end of the experi-
ment, washed with distilled water and driedin oven at
120°C for 30 min. Weight of the deposit and sludge
were ca culated by differencein weightsof the cathode
and anodes beforeand after the experiment.

Charactarisation

TABLE 2: Cyclicvoltametric study on effect of hydrogen peroxide concentration on cobalt electr owinning.

Conc.of H202in ppm  Nucleation Over potentialinV

Crossover potertial in V' anodic peak potential

Anadic peak currentin mA

0 -063 -1.03 0.33 6.5
50 -066 -0.89 0.29 54
100 -0.66 -0.89 0.28 4.1
200 -0.65 No Crossover 0.13 4.4
300 -065 No Crossover 0.33 6.7
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Figurel: SEM imageof cobalt metal deposited a) in absence
H,O,b)inpresenceof H,O,c) in presenceof H,O, at higher
magnification
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Cyclicvoltammetric studieswerecarriedoutina
25mL capacity cell equipped with athree electrode
assembly of Ag/AQCI asreference electrode, Glassy
carbon (BAS) as working electrode and platinum
counter eectrode using Potentiostat G750 (Gamry In-
strumentsLtd.).

Differentid scanning caorimetricthermogramswere
recorded on Mettler Toledo, (DSC-30) using alumi-
num crucibleinthetemperature range of 35to 590°C
at 10° C/min under nitrogen atmosphere.

Scanning ElectronmicroscopeAndysiswasdone
on JOEL - 300 model. Samplewas sprayed on the stub,
coated with goldionsand finally observed under scan-
ning el ectron microscope.

Microhardness

MicroHardnesswas measured by gpplying 50g
load for 10 seconds on sample using the instrument
Wilson Wolpert MicroVickers, Model No- 401IMVD
(HardnessVickersmethod —ASTM-384).

X-ray diffraction analysis

X-ray diffraction analysis was done on
Panlytica diffractometer of XPERT PRO Mode with
Cu-k-dpharadiation.

RESULTSAND DISCUSSION

Electrowinning

Hydrogen peroxideactsasareducingagentin pres-
ence of acid asper theequation (1).
4 CoOOH + 4 H,S0, +4 H,0,— CoSO, + 10 H,0 + 30, (1)

Intheeectrowinning cell acidisgenerated aong
with oxidation of small amount of cobalt at the anode.
Quantity of CoOOH formed with respect to concen-
tration of hydrogen peroxideispresentedin TABLE. 1.
Based on the data from TABLE. 1., it can be con-
cluded that the addition of hydrogen peroxidereduces
the sludge formation as per theequation (1). Thisob-
servationissmilar totheobservation reported by Tgjus
akre?® and Kongstein et al?®, Kongstein et al have
reported that addition of 55 ppm of H,O, reduced
CoOOH formation to half and in presence of 170to
220 ppmof H,O, therewas no formation of CoOOH.
In the present study we havefound that at H,0, con-
centration higher than 150 ppm no dudgewasformed.

s -——y
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Figure2a: XRD of cobalt metal produced without hydr ogen per oxide
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Figure2b: XRD of cobalt metal produced in presenceof hydr ogen per oxide

A smdl increasein current efficiency was observed upto
150 ppm of H,O, and further addition of the additive
reduced the current efficiency (TABLE.1). Thereason
for reduced current efficiency could beredissol ution of
themetd inacidic mediaand can beexpressed asequa
tion 2.
Co+H,S0,+H,0,— CoSO,+2H,0 )
Thedecreased current efficiency at higher concen-
trations of H,O, isreported by Tejus akre® aswell.
They have observed 5% decreasein current efficiency
when 260 ppm of H,O, wasadded. Thecontroversyin
theresultsof current efficiency obtained by Tgusakre
and Kongstien might bedueto range of concentrations
of H,0, selected. Kongstein used |ower concentration

of H,O, sohecould not observe any gppreciablechange
inthe current efficiency, whereas Tgjusakre used higher
concentration of H,O, whichlead to decreased current
efficiency. In the present study aswe worked with a
wider range of H,O, concentraionswefound both ob-
servationsto betrueand 150 ppmof H,O, isthe opti-
mum concentration.

In order to understand effect of H,O, on sludge
formation and Current efficiency cydicvoltametric sud-
leswerecarried out.

Cyclicvoltametry

Cycdlicvoltammogramsof 45 g/L. cobdt solution at
50mVs? ontheglassy carbon el ectrode, without and
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Figure3a: DSC ther mogram of cobalt metal produced in the absence of hydr ogen peroxide

"exo

wt.of the sample: 8.180 mg.
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withH,O, solution aregivenin Figure4a, Figure4b-e
and the peak potentialsvaluesfor corresponding pro-
cessaretabulatedin TABLE 2. Fromfigure4.a, it can
be seen that during negativedirection of the scan, the
current increases sharply once the cobalt nucleation
begins. These curvesindicate reduction of cobalt on
the GCE at -0.63V. Dueto evolution of hydrogen gas,
anincreaseinthecurrent density withno clear limiting
valueisobserved at further cathodic potentials. Itis
assumed that both cobalt and hydrogen are reduced
cathodically and uponreversing thescandirection, only
cobaltisdissolved anodicaly.
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—F ¢
Integral -26.19 mJ
normalized -2.96 Jg~-1
Onset 463.97 °C
Peak 482.65 °C
Endset 495.79 °C
Left Limit 459.59 °C
Right Limit  502.73 °C

Integral -46.55 m)
- normalized -5.69 Jg”-1
Onset 462.79 °C
Peak 481.65 °C
Endset 495.74 °C
Left Limit 441.11 °C
Right Limit  497.81 °C
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Figufeéb :DSC the?ﬁoéfam of cobalt mgalipr(;duced in presenceof hydr ogen peroxide (1—50ppm)

Asexhibitedinthe Figure4b, in presence of 150
ppm H,O, innucleation over potential remained same
however the crossover potential decreasedto-0.89V.
Thismay bedueto theincreasein deposition rate of
cobalt metal in presenceof H,0,. Theshifting of peak
potentia during anodic sweep might beduetothemixed
effectsof cobalt dissolution and oxidation of hydrogen
peroxide. Asthe standard reduction potentid for H,O,/
2His-0.68V aswhichismuchlesser thanthat for Co*/
Co* causesreduction of cobalt oxidedudge.

To understand the mechanism, cyclic voltametric
studieswere carried out with H,O, concentrationinthe

. -
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Figure4: Cyclicvoltamogram of cobalt sulphate solution on Glassy carbon electrodein presenceof different concentration
of H,0: at 50 mV/sVsAg/AgCl (a) 0 ppm (b) 50 ppm (c) 100 ppm (d) 200 ppm (€) 300 ppm

range 50 ppmto 300 ppm. Thecyclic voltamograms of
H.,O, concentration from 0 to 300 ppm are givenin
Figure4ato 4e. Thereisappreciable decreaseinthe
peak current of H,O, for 50 ppm to 200 ppm. But when
the concentration wasincreased to 300ppm, anodic
peak current increased more than that of electrolyte
without H,O,. Thisindicatesthat H,O, redissolvesthe
cobalt metal when it is added above 200ppm. This
observation supports the report of Tejus akre as he
used 270 ppm of H,O, for CoOOH reductionand end
up with decreased current efficiency. Moreover upto
200ppm of H,O, peak potentia for oxidation of cobalt
decreased, further addition of H,O, increased the pesk
potential of oxidation of cobalt thisindicatesthat upto
200ppm of H,0O, suppressed formation of CoOOH.

Morphological studies

Research & Reotews On
-

SEM

Figure larepresents SEM image of the cobalt pro-
duced by conventiona eectrowinningand Figure1b, is
that of cobalt metal produced in the presence of H,O..
Comparison of thetwo SEM imagesindicatethat metal
deposition in presence of small amount of hydrogen
peroxide asadditiveleadsto awell organized nodular
growth of depositswith the homogeneousdistribution
of grains. Thedeposition without hydrogen peroxide
leadsto arandom distribution with uneven growth of
metd particles.

Differential scanningcalorimetry

The DSC thermogram of cobalt metal produced
by conventiond electrowining practiceisgivenin Fig-
ure3a Thestandard heet of transformation for hcpto
fccis8.03 J/g.l*. Asit can beseenfrom theFigure 3a

A Tudéan Journal
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that energy released for the phasetransitionis2.96 Jg.
It indicatesthat themetal consistsof mixtureof hcpand
fcc microstructure. The Figure 3b isthe DSC thermo-
gram of cobalt produced in the presence of H,O, (150
ppm). Thephasetransition energy is5.69Jg, whichis
morethanthat for themeta produced by conventional
electrowinning practice. Thisindicatesrelatively more
of hcp microstructurein the metal when produced us-
ingH,O, asan additive.

Microhardness

Micro hardness of the cobalt metal depositedin
absence of additivewasfound to be424 HV and that
of themetal deposited in presence of 150ppm of hy-
drogen peroxide wasfound to be 444 HV. The small
increasein themean va ues of the micro hardnessof the
Cobalt metal obtained with the addition of hydrogen
peroxide might beattributed to thegrainrefinement and
more of hcp lattice.

X-ray diffraction analysis

TheX-ray diffraction pattern of cobat metal pro-
duced by dectrowinning from cobat sulphate solution
in presenceof optimum concentration of hydrogen per-
oxideisgiveninFigure 2b. XRD dataanalysisindi-
cateshcp structurewith (100), (110) planes. X-ray dif-
fraction pattern of cobalt metal produced by e ectrow-
inning in absence of hydrogen peroxideisgiveninthe
Figure 2a.whichindicatesamixtureof hcp & fccwith
(111), (110) planeg®y.

CONCLUSIONS

Fromthestudy following condlusonswereobtained.

e Additionof hydrogen peroxideinthecdll reduces
not only the sludge formation but al so increases
the current efficiency. Optimum concentration of
H.,O, was found to be 150 ppm.

e  Onbasisof DSC thermogram hcp | atticeforma-
tionfound.

e  Improved morphology of meta wasobserved from
SEM pictures

e  Slight IncreaseintheMicro hardnessof the meta
at optimum concentration of H,O,.

e  Mechanism was proposed based on the Cyclic
voltametric studly.

e  X-ray diffraction patternindicated the mixture of

= Pyl Paper

hcp and fcc phase structure with out hydrogen
peroxide and addition of hydrogen peroxidelead
to hep phase structure.
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