Bright zinc—cobalt alloy deposits from an
alkaline non-cyanide bath
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Cobalt ions were added to a non-cyanide alkaline zinc bath to produce an alloy of zinc containing
0:6-0-8%Co. Bright deposits were produced using organic additives. The effect of different
parameters such as cobalt concentration, current density, complexant concentration, additive
concentration, temperature, agitation, etc. on the composition of the alloy and current efficiency
was studied. Structural characterisation using scanning electron microscopy showed that the

deposits are nanocrystalline.
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Introduction

Electrodeposited zinc alloyed with cobalt, iron or nickel
is used for protective and decorative applications.'
These alloys are harder, stronger, fine grained and more
corrosion resistant than pure zinc deposit.>* The desired
cobalt content in the alloy to achieve the above
advantages is only 0-6-0-8% compared with Zn-Ni
alloy requiring ~ 12% nickel.> Moreover, switching over
from the existing neutral zinc plating line to the zinc—
cobalt alloy plating line is very simple unlike the zinc-
nickel system.’

Codeposition of zin¢c with iron group metals follows
anomalous type of deposition in which the less noble
metal deposits preferentially under certain conditions.
The alloy can be deposited from both acid”'' and
alkaline electrolytes.'”'* Since in acid electrolytes the
metals are present as simple ions, the operating current
density and rate of deposition are considerably high but
they suffer from the disadvantage of poor throwing
power and varied composition dispersion since the
cobalt content in the alloy varies almost linearly with
current density. The anomaly in codeposition is reported
to be less in an alkaline bath,’ since both metals are
present as complex and deposition of cobalt from
alkaline solutions is rather difficult. Hence, deposition
from complex solutions is preferred where improved
throwing power and low composition dispersion, which
decide the corrosion propertics of the coating, are
mandatory.

As a continuation of the authors’ earlier report on
bright zinc deposition from an alkaline non-cyanide
bath, work on the production of zinc alloys was initiated
from the same bath. The present paper deals with bright
zinc—cobalt alloy deposition from the same bath using
selected organic addition agents. The dependence of
alloy composition and cathode efficiency on the
metal ions concentration, their ratio, complexant
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concentration, current density, and bath temperature
and addition agents has been reported.

Experimental

Zinc—cobalt alloy plating bath used for the study
comprised ZnO, NaOH, cobaltous sulphate and a
chelating agent (BE). The bath composition is shown
in Table 1. A stock solution of zinc was prepared with
due purification treatments.'> Cobaltous sulphate
Co0S04.7H,0 was mixed with the complexant (trietha-
nolamine, TEA) and made as a homogenous solution in
order to avoid precipitation in the alkaline medium.
Required amount of cobalt solution was added to the
electrolyte before deposition.

Polished. degreased, alkaline cleaned, acid dipped and
washed mild steel panels were used as cathodes and
plating grade zinc as anodes. Panels of 8 x 2:5 cm with
an effective area of 2:5x 2-5 ¢cm and 10 x 7 cm size were
used for the efficiency and composition estimation and
for Hull cell experiments respectively. A 267 mL Hull
cell was used for the study. Experiments were conducted
at varying cobalt concentrations, complexant concen-
trations, additives’ concentrations, operating tempera-
ture, hydrodynamic condition and so on. The deposits
were stripped in a suitable medium and cobalt content
was estimated using atomic absorption spectrophoto-
metry (AAS). The thickness of the deposits was
measured using X-ray fluorescence spectroscopy.

The current efficiency of alloy deposition was
estimated since the composition of the alloy deposits
and its mass were known. The effect of cobalt addition
in zinc deposition and of additives on the cathode
polarisation were evaluated using a steel cathode,
platinum anode and a saturated calomel reference
electrode in a three necked cell. Structural examination
of the deposits was made using scanning electron
microscopy (SEM).

Results and discussion

Since cobalt salt is insoluble in alkaline conditions, it has
to be solubilised with the help of the complexing agent.
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1 Effect of complexant concentration at 0-5gL ™' cobalt
in solution: light grey (LG), grey (G), bright (B), black
matte (BM), matte (M), mirror bright (MB), dark grey
(DG)

Figures 1 and 2 show the effects of complexing agent
concentration in alkaline zinc solutions containing 0-5
and 0-75 g L™ cobalt on the Hull cell patterns of zinc—
cobalt alloy deposits. In absence of any additive, the
alloy deposits appeared grey in colour differing only in
their hues. Increase in the complexant concentration
produced only a marginal improvement. Increase in the
metal ion concentration along with the required amount
of complexant could modify the deposit nature from
grey to matte (Fig. 3). However, to achieve maximum
corrosion resistance, the desirable reported limit for
cobalt content in the alloy is only 0-6-0-8%. This
restricts the use of higher cobalt concentration in the
solution. As discussed in the earlier communication,'®
the formation of grey deposits is due to the fast reaction
kinetics and to produce bright, useful deposits, the rate
of reaction must be reduced which is possible only with
the help of additives.

The effects of varying concentrations of the carrier
additive and the brightener additive on the Hull cell
patterns are depicted in Figs. 4 and 5. Based on the
earlier studies,'® Polyvinyl alcohal (PVA) was chosen as
the carrier additive and piperonal (PIP) as the brightener

Table 1 Bath composition used

Bath Concentration, g L™’
Zinc oxide 9-12

Sodium hydroxide 90-120

Cobalt as CoSO,4 .7H,O 0-5-1-2
Triethanolamine, mL L™’ 15-30

Polyvinyl alcohol (PVA) 0-5-20

Piperonal 06-1-5

Temperature, °C 25-60

Chemical grade

Laboratory grade reagents

complexant, BE; f Hull cell pattem using 30 mL L'
complexant, BE+0-8g L' PVA+0-2gL ' PIP

2 Effect of complexant concentration at 0-75g L' cobalt
in solution: light grey (LG), grey (G), bright (B), black
matte (BM), matte (M), streaky (S), mirror bright (MB)

additive. The tremendous improvement produced by
PVA addition is obvious from Fig. 4, which shows that
with increasing concentration, the deposits change in
appearance from grey/matte to semibright. As reported
earlier,'® this could be attributed to the polarity of the
carbon-oxygen bond, which made it to be present in
significant amounts in the cathode film, forming a weak
physical barrier to hinder deposition. It could also be
possible that PVA replaces the H,O present in the
complex and the PVA chains can retain zinc hydroxyl
anions and control the speed of the reaction kinetics.!’

Figure 5 shows the effect of piperonal on the Hull cell
patterns of alloy deposition. It is obvious that this
addition causes a dramatic influence on the deposit
nature in that they change from semibright to mirror
bright appearance. Based on the above results, it could
be concluded that addition of 0-8 g L™" PVA along with
0-2 g L' piperonal is the best combination to produce
mirror bright deposits from an alkaline non-cyanide zinc
bath.
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3 Effect of metal ion concentration using 20 mL L™’
complexant: light grey (LG), black matte (BM), matte
(M), streaky (S), mirror bright (MB), dark grey (DG)
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4 Effect of primary additive concentration with
075g L™ cobalt and 20 mL L' complexant (BE): light
grey (LG), grey (G), bright+streaky (BS), black matte
(BM), matte (M), streaky (S), semibright (SB), dark grey
(DG), black (BL)

Figures 1-3 also depict the effects of varying complex-
ant concentration and cobalt concentration in presence
of the above optimised additive. It is clear that bright
deposits could be obtained when the complexant
concentration is in the range 20-25 mL L™ ! when cobalt
ion in the solution is 0-5-1-0 g L™".

Figures 6 and 7 depict the effect of increasing the
complexant concentration on the alloy composition.
TEA in the bath has an important role in the dissolution
of cobalt salt in the alkaline solution. When the amount
of TEA in the bath was insufficient to stabilise the metal
species, during preparation the precipitation of cobalt
salt was observed on mixing the two solutions. No
significant effect of TEA was observed above
15mL L™ in the case of 0-5 g L™" cobalt and above
25mL L' in the case of 0-75 g L™ cobalt. This was
the lowest concentration found to obtain a precipitate
free solution. During deposition, owing to the same
reason, increase in complexing agent concentration up
to 25mL L™' causes a gradual increase in cobalt
content of the alloy but still higher concentration causes
a reduction. Free TEA present in the solution should
have inhibited cobalt codeposition.®

Figure 8 indicates the variation of cobalt content in
the alloy with increasing cobalt content in the solution.
It is clear that the system belongs to the anomalous type
wherein the less noble metal zinc is depositing in
preference to cobalt as indicated by the position of the
cobalt line falling below the composition reference line
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5 Effect of secondary additive concentration with
075gL' cobalt and 20mLL' complexant:
bright+streaky (BS), black matte (BM), mirror bright
(MB), dark grey (DG), semibright (SB)
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(CRL).* This contrasts with the observation of Muller
et al. who state that in alkaline solutions zinc-nickel
codeposition is of mnormal type.'® Cobalt content
increases with increase in cobalt concentration in the
electrolyte. Figure 8 also depicts the effect of current
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density on the cobalt content of the alloy. The curves
show a maximum at 2 A dm™? and then decline. This
could be attributed to the low metal content of the
solution along with the complexing agent. It was also
found that cathode current efficiency (CCE) increases
with increase in the cobalt ion concentration in solution
and that the maximum is achieved at 2 A dm~? (Fig. 9).

It could be noticed that the amount of cobalt
codeposited is considerably lower in alkaline baths'®
compared with the acid baths since it is tightly bound by
the complexant. For the given cobalt concentration, the
variation of cobalt content is marginal unlike the acid
baths.?® Moreover, with increasing current density, the
cobalt content remains almost constant and the CCE
shows a decrease. This accounts for the uniform
composition of the alloy (composition dispersion) and
for better throwing power of the electrolyte compared
with the acid baths.

Figures 10 and 11 show the variation of CCE of alloy
deposition with the complexing agent concentration.
With 0-5 g L™! cobalt in solution, the CCE diminishes
above 15 mL L™! complexant whereas with 0-75 g L™!
cobalt, it occurs above 25 mL L™".

It was noticed that electrolyte stirring and increase in
operating bath temperature increased the cobalt content
as well as the CCE, indicating that cobalt deposition is
diffusion controlled.
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The galvanostatic polarisation curves, given in
Fig. 12, indicate that with increasing cobalt addition,
the curves got shifted to positive potentials indicating
the formation of a solid solution. The curves originated
at more positive values, attained a plateau and then
showed steady polarisation.

It has been documented that during zinc-nickel
deposition, the initially formed layer is a nickel rich
alloy and with the increase in current density, it gets
transformed into zinc rich alloy. The formation of this
plateau has been reported by many authors and has been
attributed to the transformation of phase structure. The
hydroxide suppression mechanism is a widely accepted
one, according to which zinc gets adsorbed on the
electrode surface more strongly than nickel and inhibits
nickel deposition leading to anomalous type code-
position. 2?2 According to Higashi er al,*' the alloy
deposition proceeds with preceding zinc hydroxide
formation on the cathode, which results in a rise in pH
in the vicinity of the cathode favouring zinc deposition.
On the other hand, since the critical pH for Co(OH),
precipitation is not attained in the cathode layer, cobalt
deposition occurs by direct discharge of Co’™ ions
through the Zn(OH), film which makes cobalt deposi-
tion difficult. The same mechanism proposed for acid
solution holds good for alkaline solutions also since
both metals are present as complexes. The formation of
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adsorbed zinc hydroxide layer from the zincate complex
should have been easier than the formation of adsorbed
cobalt hydroxide species from TEA complex.

Figure 13 depicts the effect of TEA on the polarisa-
tion behaviour of the alloy deposition. Addition of TEA
increases polorisation the curves show polarisation.
PVA™ addition further increased the polarisation
(Fig. 14). This is due to the specific adsorption of the
additive on the electrode surface, which resulted in
producing bright deposits since normally deposits
obtained at high overpotentials are fine grained in
nature.?* Also, this resulted in reduction in cobalt
content in the alloy since polarisation curves shift closer
to that of zinc. Piperonal further causes shift towards
more negative potentials up to 0-2 g L™! but still higher
concentrations cause depolarisation that might increase
the cobalt content of the alloy (Fig. 15).

Images (SEM) shown in Fig. 16 are in support of the
above findings. The microstructure of the alloy deposit
without any additive as depicted in Fig. 16 shows finer
grains compared with bright zinc deposits from the same
clectrolyte.'° The above structure is further refined in
presence of PVA and PIP and the final structure shows
grain homogenisation.”>2® Unlike in zinc deposits there
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was no film formation on the alloy deposit with the
addition of PVA, which could be attributed to the
presence of cobalt ions.
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PIP at 2 A dm 2
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onclusion

Bright zinc—cobalt alloy deposits could be obtained from
an alkaline non-cyanide electrolyte containing TEA with
the addition of PVA and PIP.
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