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Abstract Electrochemically deposited Zn–Co alloys under
various deposition conditions were investigated using
anodic linear sweep voltammetry for phase structure
determination, scanning electron microscopy for surface
morphology analysis, atomic absorption spectroscopy for
determination of chemical composition, and polarization
measurements and open circuit potential measurements for
determination of corrosion properties. The influence of
deposition current density, temperature, and composition of
deposition solution on the phase structure and corrosion
properties of Zn–Co alloys was studied. It was shown that
the ratio of cobalt to zinc ions in the plating bath strongly
affects the chemical content and phase structure, as well as
corrosion stability, of Zn–Co alloys. Zn–Co alloys depos-
ited from plating baths with the lowest and the highest
ratios of cobalt and zinc ions exhibited the lowest corrosion
rate.
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Introduction

The electrochemical deposition of zinc–cobalt alloys has
drawn a lot of attention because these alloys exhibit
significantly higher corrosion resistance than pure zinc [1–
3]. Furthermore, other properties such as ductility, weld-
ability, hardness, and paintability are also improved. If zinc
alloys have effectively high amount of zinc, they can still

maintain a sufficiently negative potential to steel and yet,
offer better corrosion protection then zinc alone [4]. On the
other hand, a higher amount of Co in Zn–Co alloy could
provide a barrier type of protection. Due to their properties,
Zn–Co alloys are widely used for replacement of zinc on
fasteners, appliance and bicycle parts, lighting fixtures, and
some hand tools, as well as, furniture, plumbing, and
window hardware [5]. As characterized by Brenner [6], the
electrodeposition of Zn–Co alloys is considered a codepo-
sition of anomalous type; that is, the less noble component,
zinc, deposits preferably with respect to the more noble,
cobalt. Because of this fact, the cobalt content in the Zn–Co
alloys produced from aqueous plating baths is usually low.
Although there are numerous publications regarding Zn–Co
alloy with low Co content [3, 7–11], there has not been
much work reported on Zn–Co alloys with higher Co
content.

The characterization of electrochemically deposited
alloys is mostly performed by conventional techniques,
such as scanning electron microscopy (SEM), XRD, Auger
spectroscopy, etc. However, Despić and coworkers [12–14]
have shown that the method of anodic linear sweep
voltammetry (ALSV) could also be used for phase structure
determination of some alloys. However, no investigation of
the relation of Zn alloys phase structure revealed by ALSV
and their corrosion stability was reported so far.

It is well known that Zn coatings deposited from baths of
various compositions have differences in composition and
its homogeneity, porosity, structure, and other character-
istics, which, in turn, affect the corrosion resistance of the
coatings [1, 15–17]. The aims of this work were to
investigate Zn–Co codeposition from a simple plating bath
and to find out whether a change in a bath composition
could produce alloys with a higher Co content that could
offer a better corrosion protection. The plating baths used
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were free of additives since the aim of the work was to
investigate only the influence of different cobalt to zinc
ratios in the bath. The validity of ALSV technique, giving
the opportunity of alloy phase structure determination, was
also tested as a simple method of predicting the corrosion
stability of alloy deposits obtained.

Experimental

Electrodeposition of Zn–Co alloys

Zn–Co alloys were deposited galvanostatically on a rotating
disk electrode (Pt and steel) and steel panel, from chloride
baths of the following composition (pH 5.5): 0.1 mol dm−3

ZnCl2; 0.4 mol dm−3 H3BO3; 3 mol dm−3 KCl and with a
variation of CoCl2·6H2O concentration from 0.03 to
0.5 mol dm−3. That is, the ratio of [Co2+/Zn2+] in the
plating bath was varied and it is given in Table 1. The
employed electrolytes were prepared using p.a. chemicals
and double distilled water.

The working electrodes were as follows:

(a) Zn–Co alloy deposited on a Pt rotating disk electrode
(d=8 mm, at 2,000 rpm) for determining the chemical
and phase composition. Prior to each electrodeposition,
the Pt disk surface was mechanically polished with a
polishing cloth (Buehler Ltd.), impregnated with a
water suspension of alumina powder (0.3 μm grade)
and then rinsed with pure water in an ultrasonic bath.

The Pt electrode was chosen for chemical content and
phase structure determination, since it is an inert substrate
and after these measurements it could be clearly seen if the
whole Zn–Co deposit was dissolved.

(b) Zn–Co alloy deposited on a steel rotating disk
electrode (d=6 mm, at 2,000 rpm) for polarization
measurements and on steel panel (20 mm×20 mm×
0.25 mm) for open circuit potential measurements, as
well as for SEM and energy dispersive X-ray (EDX)
measurements. The steel substrates were pretreated by
mechanical cleaning (polishing successively with
emery papers of the following grades: 280, 360, 800,
and 1,000) and then degreased in a saturated solution
of sodium hydroxide in ethanol, pickled with a 1: 1
hydrochloric acid solution for 30 s and finally rinsed
with distilled water.

The counter electrodes were as follows:

(a) A zinc spiral ribbon (high purity zinc, surface area
8 cm2), placed parallel to the RDEs at a distance of
1.5 cm (for plating on a rotating disk electrode), or a
zinc panel, placed parallel to a steel panel

(b) A Pt spiral wire for polarization and corrosion
measurements

The reference electrode used in all experiments was a
saturated calomel electrode (SCE).

Anodic linear sweep voltammetry

For alloy phase structure determination, alloys were
dissolved anodically at room temperature (23±1 °C) using
a slow sweep voltammetry technique (sweep rate 1 mV s−1

and rotation of 2,000 rpm) in N2-saturated 0.5 mol dm−3

Na2SO4+0.05 mol dm−3 ethylenediamine tetraacetic acid
(EDTA) solution.

Corrosion measurements

The corrosion rates in 3% NaCl solution of the electro-
deposited Zn–Co alloys were determined using extrapola-
tion of anodic polarization curves to the open circuit
potential. Potential sweep rate of 0.2 mV s−1 was applied
starting from the open circuit potential (OCP), after the
constant OCP was established.

Chemical composition and surface morphology

The chemical composition of the Zn–Co alloys deposited
on a Pt electrode was determined by atomic absorption in a
AAS-PYE Unicam SP9, Philips.

The surface morphology of different Zn–Co deposits
was observed by a JEOL JSM 5800 scanning electron
microscope. In order to verify the chemical content of
deposited alloys obtained by AAS, chemical analysis was
additionally performed for Zn–Co alloys deposited on
steel, using an Oxford EDS System connected to the
SEM.

Results and discussion

Appearance of deposits

Preliminary experiments were related to deposition of Zn–Co
alloys under various deposition conditions (Co2+ content in

[Co2+/Zn2+] Bath

0.03/0.1=0.3 A
0.05/0.1=0.5 B
0.1/0.1=1.0 C
0.3/0.1=3.0 D
0.5/0.1=5.0 E

Table 1 The ratio of Co2+/Zn2+

ions in the plating bath
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the plating bath, temperature of the bath, and deposition
current density), and based on the appearance of deposits,
certain deposition parameters were chosen for further alloy
investigation. When deposition was carried out from baths
A, C, and E at 5 A dm−2, homogenous and coherent coatings
were obtained at 25, 30, and 40 °C. However, for j>10 A
dm−2 and at higher temperatures (at 30 and 40 °C), deposits
appeared less uniform, with rough, powdery deposits. The
surface appearance of deposits obtained at low Co concen-
tration (baths A and B) was homogenous and coherent, light
gray, but dull. Deposits obtained at higher Co concentrations,
especially from baths D and E were gray colored and bright,
although deposits obtained from bath D had some very
bright spots. So, based on these visual observations, further
deposition of Zn–Co alloys was obtained at 25 °C and 5 A
dm−2, from different plating baths. All the baths examined
had the same concentration of zinc (0.1 mol dm−3), and
cobalt concentration in the baths varied from 0.03 mol dm−3

(bath A) to 0.5 mol dm−3 (bath E).
The structural differences between Zn–Co alloys depos-

ited from different baths can be seen from SEM top view
images (×3,000 magnification). SEM analyses of the
morphology of the samples studied indicate clear difference
between baths used. As an example, Fig. 1a and d shows
microphotographs of rather homogenous deposits with
different grain sizes, obtained from baths A and E,
respectively. The platelet structure of Zn–Co alloy deposit
with the smallest amount of Co (1.3 wt.%), shown in
Fig. 1a, is very similar to the polycrystalline Zn coating
electrodeposited from a sulfate additive-free bath [18].
These microphotographs provide evidence of the increased
compactness of these deposits compared to the ones
obtained from baths C and D (Fig. 1b and c, respectively).
A closer observation of the alloy coatings obtained from
baths A and E (Fig. 1a and d) reveals uniform, rather dense
and continuous surface coverage, with smaller grain size
obtained from bath E.

Chemical composition of Zn–Co alloys and current
efficiency

The Co content in Zn–Co deposits, depending on the ratio
of cobalt and zinc ions in the plating bath, was determined
by atomic absorption spectrophotometry. Figure 2 illus-
trates the influence of this ratio on the Co content in the
alloy, as well as on the current efficiency.

As can be seen from Fig. 2a, the higher the Co content in
the plating bath, the higher the Co content in the deposited
alloy. The lowest Co content (1.3 wt.%) was obtained for
[Co2+/Zn2+]=0.3 (21.3 wt.% Co in the bath, i.e., bath A),
and then it gradually increased and reached its maximum of
15.2 wt.% Co for [Co2+/Zn2+]=5 (81.9 wt.% Co in the
bath, i.e., bath E).

So, it can be concluded that the amount of cobalt deposited
strongly depends on the cobalt/zinc ratio in the plating bath.
Composition reference line (CRL), representing the ratio of
Co2+ to total amount of Co2+ and Zn2+ in the bath [6], is also
shown in Fig. 2. Since the Co content in all investigated
deposits is below the CRL, it indicates that Zn–Co
codeposition follows the anomalous type for all the cobalt/
zinc ratios in the bath investigated in this work [6]. That is,
lower Co content in Zn–Co alloys is the result of the
preferential Zn deposition.

The chemical content given above is the overall content
of the Zn–Co alloy deposits. However, deposits obtained
from baths C and D were not homogenous, as can be seen
from Fig. 1b and c, and local differences in chemical
content for these two deposits were determined using EDX.
Zn–Co alloy deposit obtained from bath C had 7 wt.% Co,
as determined by AAS and shown in Fig. 2a. EDX analysis,
though, showed slight differences in the Co content in the

 a  (bath A)

 b (bath C)

 c (bath D)

 d (bath E)

Fig. 1 Surface morphology (SEM) of Zn–Co alloys deposited at
5 A dm−2 from baths: a A, b C, c D, and d E
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different areas of deposit. That is, the black areas in Fig. 1b
had 9.5 wt.% Co while the upper white areas had 6.3 wt.%
Co. The differences in Co content on different areas,
determined by EDX (Fig. 1c), were even more pronounced
for Zn–Co alloys deposited from bath D, with Co ranging
from 9.9 to 14.25 wt.% Co, whereas the overall chemical
content, determined by AAS, was 11.9% Co.

The influence of the ratio of cobalt and zinc ions in the
plating bath on the current efficiency (CE, calculated on the
basis of the Faradaic law) for Zn, Co, and Zn–Co alloy is
shown in Fig. 2b. It could be seen that the current efficiency
for Zn deposition is greater than CE for Co deposition for
all investigated Co2+/Zn2+ ratios. In addition, the CE for
alloy plating is below 60% for all Co2+/Zn2+ ratios. It
should be noted that CE for cobalt deposition increases
gradually with the increase of Co2+/Zn2+ ratio in the bath.
However, zinc and alloy CE increase sharply, reach a

maximum, and then decrease. Similar results were reported
in literature [19] for Zn–Co alloy deposition from sulfate
plating bath.

The effect of Co concentration in the plating bath
on the alloy deposition

Galvanostatic curves for deposition of Zn–Co alloys
from plating baths with different ratios of Co and Zn
ions are represented in Fig. 3. It could be seen that the
deposition potential greatly depends on the ratio of Co and
Zn ions in the plating bath. That is, Zn–Co alloy deposited
mainly at −1.32 V from a bath with the lowest amount of
Co in the bath (bath A) and deposition potentials gradually
advanced to more noble values as the concentration of Co
in the bath increased. According to Fig. 3, lower over-
potential is needed to create initial nucleus during
deposition from baths with higher Co2+ content. Similar
results were reported for Zn–Ni deposition [2]. The little
potential shivering in the galvanostatic curves, especially
pronounced for curve related to Zn–Co deposition from
bath A, is the result of the hydrogen evolution and, as
suggested by Yan et al. [20], could also be associated to
the formation of small amounts of ZnO during electrode-
position, although it was not detected by EDX. This is in
agreement with the results presented in Fig. 2b, where it
was shown that the lowest current efficiency is for Zn–Co
deposition from bath A ([Co2+/Zn2+]=0.3), meaning that
hydrogen evolution, which is a parallel reaction taking
place on a cathode, is the highest in the case of deposition
from bath A.

Fig. 3 Galvanostatic curves at 5 A dm−2 for deposition of Zn–Co
alloys from plating baths with different ratios of cobalt and zinc ions

Fig. 2 a Variation of Co content in Zn–Co deposits on the Co content
in the plating bath. b Variation of current efficiencies with ratio of
cobalt and zinc ions in the plating bath for Zn, Co, and Zn–Co alloy
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The influence of concentration of Co ions in the plating
bath on alloy phase structure: ALSV measurements

When an alloy film is polarized anodically under potentio-
dynamic conditions, the components will dissolve at
various potentials, depending on their equilibrium and
kinetic properties. When the activity of the component in
a phase reduces to zero, the dissolution current peak will be
produced. Various phase structures and chemical forms
present in the alloy will produce various current peaks.
Therefore, the peak structure obtained is the characteristics
of the alloy components and phase structure of the deposit
[21]. Very important results concerning the Zn–Ni alloy
deposition and phase characterization were published by
Swathirajan [17, 22].

The main problem in the use of this technique is finding
a suitable electrolyte in which the electrodeposited material
would dissolve gradually and thoroughly. Alloy phase
structure was investigated by anodic linear sweep voltam-
metry in Na2SO4 solution containing complex forming
ions, in the presence of which Zn–Co alloy completely
dissolves. That is, it is well known that pure Zn dissolves
and zinc alloys do not dissolve in Na2SO4 solution, while in
the presence of a small amount of complex forming agents
(EDTA) both Zn and its alloys dissolve [21].

Figure 4 represents ALSV voltammograms of Zn–Co
deposits of different thicknesses. This experiment was
carried out in order to establish the dependence of ALSV
on the thickness of the deposit (expressed by the time of the
electrodeposition) and to determine whether the entire
quantity of the alloy is dissolved during the sweep of
potential across the range covered by the corresponding
peak. It is seen that the peak heights depend on the
thickness of the deposited layer, but the number of peaks

and peak potentials remain the same, regardless of the
thickness. This indicates the stability of the phase structures
obtained. Furthermore, the charge under the current peaks
is proportional to the thickness of the deposit indicating that
the entire thin film is dissolved during the potential sweep.
It was also found that the Faradaic efficiency of the peaks
was constant.

Since it was shown that the number of phases determined
by ALSV does not depend on the thickness of deposited
coatings, the thickness of 5 μm was chosen for further work.

The concentration of Co ions in the plating bath has a
significant influence on the voltammograms, i.e., the alloy
phase structure. As can be seen from Fig. 5a, the increase of
the Co content in the plating bath favors the formation of
new phases. That is, there is only one current peak, at
about −0.800 V (peak I in Fig. 5a), for Zn–Co alloy
deposited from a bath with the lowest concentration of Co
(bath A). The increase of the Co concentration in the bath
from 0.03 mol dm−3 (bath A) to 0.05 mol dm−3 (bath B)
gives rise to three current peaks (I, II, and III in Fig. 5a),

Fig. 4 ALSV voltammograms in Na2SO4 + EDTA solution of
dissolution of Zn–Co alloy deposited during different time duration (3,
5, and 8 min) from bath D, at 5 A dm−2, ω=2,000 rpm, υ=1 mV s−1

Fig. 5 a ALSV voltammograms in Na2SO4 + EDTA solution of
dissolution of Zn–Co alloys (5 μm thickness) deposited from plating
baths with different ratios of cobalt and zinc ions at 5 A dm−2, ω=
2,000 rpm, υ=1 mV s−1. b ALSV voltammograms in Na2SO4 + EDTA
solution of dissolution of Zn and Co, ω=2,000 rpm, υ=1 mV s−1
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which are much better resolved when the concentration of
Co in the plating bath is further increased to 0.1 mol dm−3

(bath C). However, the additional increase of Co content in
the plating bath to 0.3 mol dm−3 (bath D) and 0.5 mol dm−3

(bath E) results with a decrease in the number of current
peaks, so two phases are present when Zn–Co alloy is
deposited from bath D and only one phase when depositing
from a plating bath with the highest amount of Co (bath E).
Dissolution peaks of deposits obtained from the plating
bath with low Co content in the bath (bath A) were close to
the dissolution peak of pure Zn (Fig. 5b). The peak
potentials gradually shift to more noble values, towards
Co dissolution peak (Fig. 5b) as the concentration of Co in
the bath increases to 0.5 mol dm−3 (bath E), indicating that
different phases of Zn–Co alloys (with higher Co content)
are obtained by deposition from plating baths with different
ratios of alloying metals in the bath.

On the basis of ALSVs, chemical composition and
equilibrium phase diagram [23], as well as on the data
reported by other authors for Zn–Co alloys of similar
characteristics and obtained by similar deposition parameters
[24, 25], it is supposed that the dissolution peak at −0.800 V
is mainly due to the preferential dissolution of Zn from Zn–
Co solid solution. The dissolution potential of peak I is close
to the dissolution potential of pure Zn (Fig. 5b), while other
peaks correspond to the dissolution of phases richer in Co.
As the Co content in the alloy increases (Fig. 5a), the
potentials of these later peaks shift to more noble values,
closer to the potentials of pure Co dissolution (Fig. 5b).

Corrosion stability

In order to determine corrosion stability, the plated speci-
mens (10 μm thickness) were immersed in a 3% aqueous
NaCl solution, and the open circuit potential (Eocp) was
measured daily. Figure 6 shows the time dependence of
Eocp for steel plated by Zn–Co alloys deposited from
different plating baths. The open circuit potential of bare
steel surface in 3% NaCl was −640 mV vs. SCE and it is
marked with a line in Fig. 6. The potentials of the Zn–Co
alloys are more negative than Eocp of steel base, so Zn–Co
deposits offer sacrificial cathodic protection. The Eocp

values of steel modified by Zn–Co alloys increase
positively with time of immersion and reach the steel Eocp,
which represents loss of the deposit and the start of a
corrosion process. The open circuit potentials of alloys
deposited at the same current densities from different
plating baths differ initially but eventually reach almost
the same values. The initial Eocp difference is due to the
alloy phase difference and the difference in the chemical
composition. The Zn–Co alloys deposited from baths A and
B are rich in Zn (Figs. 2 and 5) and thus the initial Eocp of
this alloy is close to the Eocp of zinc (−1.055 V; Table 2).

The Eocp of Zn–Co alloys obtained from plating baths D
and E, however, lie somewhere between the open circuit
potentials of pure Zn and pure Co, since these alloys do not
have a Zn-rich phase (Figs. 2 and 5). The results of the
visually observed alloy destruction in 3% NaCl solution, or
the appearance of red rust on the steel base, are presented in
Table 2. The longest time to rest rust appearance, indicating
the best corrosion stability, was observed for Zn–Co alloy
deposited from plating baths A and E.

Anodic polarization curves in a small range of potential
near OCP were obtained in a 3% NaCl solution. Some of
the E−log j dependences obtained are shown in Fig. 7. The
corrosion current densities, jcorr, were estimated from
the intersections of the anodic Tafel plots with the OCP.
The corrosion potentials, Ecorr, and the corresponding corro-
sion currents for the alloy samples are given in Table 2. Data
in Table 2 are the mean values of three to five measurements.

As can be seen from Table 2, corrosion current densities
gradually increase with the increase of the [Co2+/Zn2+] ratio
in the plating bath, reach a maximum, and then drop. The
lowest corrosion rate was observed for the Zn–Co alloy
deposited from the solution with the smallest [Co2+/Zn2+]
ratio, i.e., coating containing small amounts of Co, 1.3 wt.%

Fig. 6 The dependence of Eocp for Zn–Co alloys deposited on steel
from baths B and D at 5 A dm−2 (10 μm thickness)

Table 2 The time of red rust appearance, corrosion potentials, Ecorr,
and corrosion current densities, jcorr, for Zn–Co alloys deposited from
different plating baths

Bath Time/days −Ecorr, V vs. SCE jcorr, μA cm−2

A 55 1.010 11
B 50 1.000 27
C 47 0.985 39
D 35 0.730 50
E 52 0.720 20

Data are mean values of three to five measurements.
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(bath A), as well as the one with the greatest [Co2+/Zn2+]
ratio, i.e., coating containing 15.2 wt.% Co (bath E). Similar
results were reported by Short and coworkers [26] who
showed that the lowest corrosion rates of Zn–Co alloys, with
Co ranging from 0.5% to 19.9%, were when the amount of
Co was 1% and 10%. This is most probably due to the most
uniform distribution of cobalt, as the alloying element, in the
zinc crystal lattice.

Chemical analysis showed that alloys deposited from
baths with higher [Co2+/Zn2+] ratio (baths B and C) have
greater Co content (Fig. 2a). These alloys also have more
phases present in the deposit (Fig. 5a). The reduced
protective properties of Zn–Co alloys deposited from baths
B and C could be due to the formation of three phases
(denoted by three different voltammetric peaks, i.e., I, II, and
III in Fig. 5a), since the multiphase systems could lead to
galvanic coupling of the deposit. However, a further increase
of [Co2+/Zn2+] ratio in the bath (bath D) results in further
increase of Co content in the alloy (i.e., 11.9 wt.% Co),
corrosion current density is also increased, and time to red
rust appearance reduced (Table 2). This clearly indicates the
reduced protective properties of deposits obtained from bath
D, and it is probably due to the dual phases obtained
(Fig. 5a). When [Co2+/Zn2+] ratio in the bath is additionally
increased (bath E), the protective properties of Zn–Co
deposits are improved again, i.e., corrosion current density
decreases and time to red rust appearance increases (Table 2).
This could be explained by the formation of the solid
solution of Co in Zn, consisting of only one phase structure,
which is characterized by peak potential III′ in Fig. 5a.

It should be noted that there are only small amounts of
phases corresponding to dissolution peaks II and III in
deposits obtained from plating baths B and C, and a larger
amount of phase II in the deposit obtained from plating bath

D (Fig. 5a). To be exact, the amount of phase II (calculated
by the charge under the corresponding dissolution peak)
related to dissolution of Zn–Co alloy obtained from bath D
is 1.5 times larger than the overall amount of phases II and
III related to dissolution of Zn–Co alloy obtained from bath
C and more than five times larger than the overall amount
of phases II and III related to dissolution of Zn–Co alloy
obtained from bath B.

On the basis of all the results presented, it could be
concluded that a small amount of Co in the alloy (1.3 wt.%)
results in the formation of a single phase Zn–Co alloy
which provides sufficient corrosion protection. An increase
of Co in the alloy deposit (above 1.3 wt.%) leads to the
formation of new alloy phases, which result to reduced
corrosion properties. However, a further increase of Co to
15.2 wt.% in alloy deposits leads to deposition of a single
phase alloy again, which results with better protective
properties. So, it could be concluded that a single phase
Zn–Co alloy would have better corrosion stability in respect
to a multiphase alloy deposit. Zn–Co alloys deposited from
plating baths A and E showed the best corrosion stability,
i.e., the longest time to red rust appearance, as well as
smaller jcorr.

So, it could be concluded that the ALSV technique,
giving the opportunity of the alloy phase structure
determination, showed to be a simple method of predicting
the corrosion stability of alloy deposits obtained.

Conclusion

On the basis of the results presented, it could be concluded
that a ratio of cobalt to zinc ions in the plating bath has a
significant influence on the chemical composition, current
efficiency, phase structures formed, as well as on the
corrosion stability of Zn–Co electrodeposited alloys.

Different phases of Zn–Co alloys obtained by electro-
chemical deposition were verified by anodic linear sweep
voltammetry. The ALSV technique, giving the opportunity
of alloy phase structure determination, was shown as a
simple method of predicting the corrosion stability of alloy
deposits obtained. That is, single-phased Zn–Co alloys (as
revealed by ALSV) deposited from plating baths A and E
showed the best corrosion stability, i.e., the longest time to
red rust appearance, as well as smaller jcorr. On the other
hand, deposits with intermediate Co content were formed
with more phases, as determined by ALSV, and it is
proposed that their presence is the cause for galvanic
coupling and thus, the increased corrosion of alloy deposits.

So, based on the ALSV measurements (number of peaks,
their potentials, as well as charge under peaks), it is
possible to anticipate the phases present in the alloy
deposit, as well as its corrosion stability.

Fig. 7 Anodic polarization curves in 3% NaCl for Zn–Co alloys
deposited from plating baths with different ratios of cobalt and zinc
ions (A, B, E) at 5 A dm−2 (ω=2,000 rpm, υ=0.2 mV s−1)
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