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Zn–Ni electrodeposits have been used to improve the corrosion resistance of carbon steel substrates in sev-
eral applications, mainly in the aeronautical, oil, gas, and automotive industries. The use of component com-
pounds that increase deposition efficiency and corrosion resistance has attracted growing interest. In this
study, the effect of glycerol bath content (to a concentration of 0.34 mol/L) in bath deposition was analyzed.
The deposition efficiency was analyzed by galvanostatic and potentiodynamic deposition, and the corrosion
resistance was estimated with electrochemical tests, and mass loss measurements. The deposits were char-
acterized by X-ray fluorescence, X-ray diffraction, and scanning electron microscope. The results indicate
that there is a significant increase in the deposition efficiency and corrosion resistance when using glycerol
concentrations up to 0.07 mol/L. For glycerol concentrations between 0.14 and 0.34 mol/L, there is a decrease
in the deposition efficiency, and these concentrations do not result in a clear increase in the corrosion resis-
tance of the Zn–Ni deposit. Analysis of the effect of deposition bath glycerol on the deposition efficiency and
corrosion resistance of a Zn–Ni alloy indicates that this effect is related to the morphology of the deposit. The
addition of glycerol to the deposition bath solution deposition results in grain refinement and the formation
of a more compact deposit.

© 2011 Elsevier B.V. All rights reserved.
1. Introduction

The use of Zn–Ni electrode deposits to improve the corrosion re-
sistance of carbon steel sheets offers an alternative to pure Zn coating
because of improved mechanical properties and corrosion resistance
[1–3]. This deposition alloy has been mainly used in the aeronautical,
oil, gas, and automotive industries as a substitute for cadmium coat-
ing because of cadmium's toxicity and high cost [4].

The Zn in the coating provides cathodic protection of iron-based
substrates while the Ni increases the corrosion resistance of the de-
posits. The beneficial influence of Ni is a result of the improvement in
the passive oxide protective characteristics of the film and the alloy
structure [1]. However, care must be taken to assure that the addition
of Ni does not change the cathodic protection characteristics of the de-
posits. Although the highest Ni content commonly used in the aeronau-
tical industry is 15–22 wt.%, the Ni content increases the cost of this
coating. It has also been shown that Ni contents between 10 and
15 wt.% have better corrosion resistance in comparison to samples
with higher Ni content [2]. Thus, the evaluation of new additives and
the optimization of old ones to increase the electrodeposition efficiency,
and corrosion resistance of the deposit are of great interest.
ederação, Salvador, BA, Brazil,
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The electrodeposition of Zn–Ni alloys has been performed using
alkaline or acid baths, but acid plating enables high deposition effi-
ciency and is more commonly used. Generally, acid bath deposition
of Zn–Ni alloys from nickel and zinc salts occurs in the presence of
ammonium chloride and/or boric acid to increase the bath conductiv-
ity and to keep the pH below 5 [5,6]. Organic components, such as
benzyl triethanol ammonium bromide, a condensation product of
vanillin, and serine, gelatin, sulphanilic acid, mannitol, and glycerol,
that enhance the electrodeposition efficiency and/or the corrosion re-
sistance of the deposit have also been reported in literature [7–11].

The Zn–Ni deposit produced when benzyl triethanol ammonium
bromide was added to the acid deposition bath was analyzed, and
an increase in the Ni content in the deposit was observed [7]. Corro-
sion studies show that the presence of a condensation product of van-
illin and serine during bath deposition increases the corrosion
resistance of the resulting Zn–Ni deposit by promoting the formation
of smooth and bright coatings of a smaller grain size [8].

The addition of mannitol to a boric acid bath promotes the forma-
tion of a Zn–Ni deposit that is highly compact and composed of glob-
ular crystallites that are smaller than ~1 μm. It has also been reported
that the addition of mannitol leads to an increase in the Ni content of
the Zn–Ni deposit in the potential range of −1.26 to −1.40 V [9].

Gelatin has been found to increase the electrochemical efficiency
for galvanostatic deposition and also improves the corrosion resis-
tance of the Zn–Ni deposit [10,11]. A cyclic voltamogram study
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demonstrated that a combination of gelatin and sulphanilic acid im-
proved the homogeneity and brightness of the Zn–Ni multilayer coat-
ing [12]. In a recent paper, it was found that preferential adsorption of
these compounds occurs, which results in a change in the phase con-
tent of the deposit [13]. The addition of gelatin contributes to the for-
mation of η and γ phases, which are a solid solution of Ni in Zn with a
hexagonal crystal structure and an intermetallic compound (Ni5Zn21)
with a bcc structure, respectively.

Glycerol is a by-product of biodiesel production that can be obtained
using classical vegetable or animal oil transesterification. It has also
been reported that the addition of glycerol to a Zn–Ni plating bath re-
sults in a higher deposition efficiency (approximately 90%) for deposits
obtained chronoamperometrically in the potential range from approxi-
mately 1.30 to−1.40 V, [14]. However, in this study, the effect of glyc-
erol on the corrosion resistance of Zn–Ni deposits was not analyzed.

A NaOH solution is a corrosive environment common in several
applications in which Zn–Ni deposits are used in the production of
biodiesel and in the processing of pulp, paper, textiles, and food pro-
cessing. Studies of the corrosion resistance of Zn and Zn–Ni deposits
in NaOH solution can be found in the literature [15–17]. A NaOH solu-
tion with a concentration of 2.0 mol/L was used in a previous study of
Zn deposits, and it was possible to obtain a potenciodynamic curve
with a well-defined passive region [16]. This study is important for
analyzing the effect of glycerol on the passive film of Zn–Ni deposits.

In the literature, the effect of the deposition bath's glycerol content on
the corrosion resistance of Zn–Ni deposits has not been analyzed. The
purpose of this study is to determinehow the galvanostatic deposition ef-
ficiency, the characteristics of the deposit and the corrosion resistance of
the electrodeposited Zn–Ni alloy are affected by the presence of glycerol.
2. Experimental

The Zn–Ni alloys were deposited from a basic deposition bath, the
contents of which are listed in Table 1 [15]. Purified glycerol was
added to the deposition bath, and various concentrations were ana-
lyzed. Electrodeposition was conducted at a temperature of 25 °C in
an aerated solution. All of the experiments were conducted in a
single-compartment glass cell with a capacity of 250 mL. AISI 1010
steel was used as the disc substrate for the electrodeposition. In the
deposition experiments, a current source (HP, USA, model 6140A)
and a voltmeter–amperimeter (ICEL, Brazil, model ET 208-2B) were
used. A graphite bar with a diameter of approximately 5 mm was
used as the anode and AISI 1010 steel with a 1.6-cm diameter
mounted in an epoxy resin was used as the cathode. The galvanostatic
depositions were conducted at a current density of 10 mA/cm2 for 18
minutes and 30 seconds to produce a 5-μm-thick deposit, which is a
typical value in a galvanizing process line.

The electrochemical measurements were performed using a
Potentiostatic/Galvanostatic (EG&G, USA, model 273), and the elec-
trochemical cell consisted of a AISI 1010 steel disc (1.6 cm diameter),
a graphite cylinder and a saturated calomel electrode (SCE) that were
used as the working, auxiliary, and reference electrodes, respectively.
The potentiodynamic deposition curves were performed with a scan
rate of 10 mV s−1 in deposition baths containing different glycerol
concentrations.
Table 1
Plating bath reagent concentrations and functions [11].

Reactant Concentration (mol/L) Function

NiCl2·2H2O 0.15 Source of Ni
ZnCl2 0.28 Source of Zn
NH4Cl 2.80 Increase the electrolytic conductivity
H3BO3 0.32 Buffer solution
For the 15 wt % Ni deposition, the mass of the deposit was estimat-
ed by the following equation [11]:

mdep ¼ eSρD ð1Þ

wheremdep is the mass of the deposit, e is the thickness of the deposit
(5 μm), S is the deposition surface, and ρD is the density of deposit.
The deposit density can be estimated using the following:

ρD ¼ ρZnCZn þ ρNiCNi ð2Þ

where ρZn is the density of Zn, ρNi is the density of the Ni, CZn is the
zinc mass fraction in the deposit and CNi is the nickel mass fraction
in the deposit.

The current efficiency of the Zn–Ni deposition was calculated
using the following equation:

Ef f iciency %ð Þ ¼ me

mt

� �� �
� 100 ð3Þ

whereme is the experimentally obtainedmass of the deposit andmt is
the theoretical mass given by Faraday's law.

The variablemt was obtained using the following Faraday equation:

mt ¼
Mit
ZF

ð4Þ

where M is the atomic mass of the alloy, i is the current of the deposi-
tion, t is the time of the deposition, Z is the number of electrons, and F
is the Faraday constant.

The corrosion resistance was evaluated in an aerated solution of
2.0 mol/L NaOH by weight loss tests and electrochemical measure-
ments. Weight loss was evaluated using a Metler AB2004 analytical
balance. In each test, the samples were immersed in the solution,
and the weight loss corrosion test was repeated three times for each
condition. Before each immersion, the samples were cleaned and im-
mersed in an aqueous solution of 1.36 mol/L glycerin.

The classical t-test was used to evaluate whether a significant dif-
ference in the current efficiency and the corrosion rate existed for
treatments with different concentrations of glycerol [18].

The potentiodynamic polarization curves (E (Potential) vs. Log i
(current density)) were obtained using a 10 mV s−1 scan rate. The
polarization resistance (Rp) and corrosion current density (icor)
were measured using M352 software version 2.3. The Rp value was
obtained next to the corrosion potential (over potential of 10 mV)
from the inverse of slope of a plot of the potential versus the current
density. The corrosion current density (icor) was obtained from Tafel
constants (bc the cathodic constant and ba the anodic constant) that
were obtained from curves of E vs. Log i. Before the measurements,
the sample was put into the electrochemical cell and was allowed to
reach equilibrium, which usually took approximately 30 seconds.

The composition of the electrodeposits was evaluated by X-ray
fluorescence (XRF) using a Shimadzu model XRF–1800. To analyze
the morphology of the electrodeposits, a Shimadzu model SS-550
scanning electron microscope (SEM) was used. The structure of the
deposits was evaluated using a Shimadzu model XRD-6000 X-ray dif-
fractometer. The composition of the deposition baths was analyzed
with the spectrophotometer Shimadzu UV–VIS model UV-1650PC.

3. Results and discussions

3.1. Zn–Ni deposition current efficiency

Fig. 1 shows the effect of the presence of glycerol in the deposition
bath on the current efficiency of the Zn–Ni galvanostatic deposition.
The current efficiency is between 75 and 95%, which indicates that
the hydrogen evolution reaction is occurring in parallel with Zn–Ni



Fig. 1. The efficiency of current deposition as a function of the concentration of glycerol
in the deposition bath.
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deposition. Furthermore, the results show that the addition of 0.03 and
0.07 mol/L glycerol increases the deposition efficiency when compared
with deposition without glycerol. This result suggests that hydrogen
and glycerol molecules compete for the active sites on the 1010 steel,
inhibiting the hydrogen evolution reaction. When the glycerol concen-
tration of the solution is 0.14 or 0.34 mol/L, the solution increases in vis-
cosity, and the current efficiency decreases in relation to the
experiment performed with a glycerol concentration of 0.07 mol/L.
Therefore, the mass transport of Zn2+ and Ni2+ ions from bulk solution
to the interface of the metal and the solution was reduced, which de-
creases the deposition current density of Zn2+ and Ni2+ and, conse-
quently, decreases the current efficiency. As a result of this behavior,
more refined Zn–Ni grains can be obtained.

In a previous study, it was determined that the addition of a higher
concentration of glycerol (0.26, 0.39, and 0.52 mol/L) in the deposi-
tion bath increased the deposition efficiency [14]. However, in this
study, the Zn–Ni deposits were obtained by chrono-amperometry. It
was also reported that the effect of glycerol depends on the potential.

Fig. 1 shows that varying the concentrations of glycerol in the Zn–Ni
deposition bath produces significant differences in the current efficien-
cy. Treatments with a glycerol concentration of 0.03 and 0.07 mol/L dif-
fer significantly from the treatmentwithout glycerol. Treatmentswith a
glycerol concentration of 0.14 and 0.34 mol/L did not produce better
electrodeposition than the lower glycerol concentrations, and the re-
sults for these concentrations are less effective than the results for the
0.07 mol/L glycerol concentration.

The effect of different glycerol concentrations on the Zn–Ni potentio-
dynamic deposition was also investigated. Fig. 2 shows that in general a
cathodic peak Ic (see figure insert) was formed. It is difficult to analyze
the influence of glycerol on the voltammetric deposition of Zn–Ni be-
cause of the hydrogen evolution reaction that occurs in parallel to the
Zn–Ni reduction. However, increasing the glycerol concentration causes
the cathodic current density jd to decrease because the viscosity of the
Fig. 2. The potentiodynamic polarization curves of 1020 steel substrate immersed in
solutions containing different compositions.
solution increases when the glycerol concentration is above 0.14 mol/L.
This increase in viscosity hinders the Zn–Ni deposition. This is consistent
with the galvanostatic deposition results, which showa larger deposition
efficiency in the presence of 0.07 mol/L glycerol and a lower deposition
efficiency in the presence of 0.1414 mol/L glycerol.

Analyses of the anodic process (Fig. 2) indicate that two peaks are
present. These peaks correspond to the dissolution of the Zn–Ni de-
posit. Ni is more stable than Zn. Therefore, the IA peak corresponds
to the dissolution of Zn, and the more anodic peak (IIA) corresponds
to the dissolution of Ni from the deposited phases [13]. This result in-
dicates that the dissolution process occurs in two steps. After the dis-
solution process (immediately after peak IIA), a sharp increase in
current is observed, which is related to the dissolution of the steel
substrate and oxygen evolution.

3.2. Corrosion resistance of the Zn–Ni alloy deposit

Potentiodynamic polarization was conducted in a 2.0 mol/L NaOH
solution to investigate the passive film of Zn–Ni deposits obtained
with and without glycerol. A comparison of these results and the re-
sults obtained from polarization resistance (Rp) was conducted.

Fig. 3 shows the potentiodynamic polarization curves of Zn–Ni de-
posits obtained from deposition baths with various glycerol concentra-
tions. These curves were obtained from a 2.0 mol/L NaOH solution and
show three different processes: active dissolution, passivation, and
transpassivation. In region I, the current density increases after the cor-
rosion potential (−1452 mV)with a potential change in the positive di-
rection until the passivation peak (a1) is reached. Region II, which is
located between a1 and a2, is called the pre-passive region. In this region,
the process ofmetal active dissolution continues to occur. However, pas-
sive film formation also occurs on the surface. The presence of this film
inhibits the metal dissolution process resulting in a decrease in current
density. The current density of peak a2 is called the active/passive tran-
sition peak. Region III, known as the passive region, is characterized by
the presence of a passive film that inhibits the dissolution process. How-
ever, in region IV, the current density significantly increased. This in-
crease is a result of the breaking of the passive film because of the
application of a higher anodic potential, and the potential at which this
increase begins is the transpassivation potential.

As can be observed in Fig. 3, the addition of glycerol does not have a
significant effect on the current density in the passive region or on the
transpassivation potential. Therefore, the addition of glycerol does not
have an effect on the protective performance of passive films.

Fig. 4 shows the polarization resistance, Rp, of Zn–Ni deposits
obtained from deposition bath containing various glycerol concentra-
tions. Table 2 shows the corrosion current density (icor) of Zn–Ni de-
posits obtained from deposition baths containing different amounts
of glycerol.
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Fig. 4. Resistance of polarization, Rp, of Zn–Ni deposits in a 2.0 mol/L NaOH solution is
obtained from deposition baths containing varying amounts of glycerol.

Table 2
Corrosion current density (Icor) of Zn–Ni deposits containing varying amounts of glyc-
erol, obtained from the solution of NaOH 2 mol/L.

Concentration of Glycerol (mol/L) Icorr (mA/cm2) βa (V/dec) βc (V/dec)

0.0 205.7 2.056 133.6
0.07 135.5 1.595 2030.0
0.14 281.4 3.772 11.22
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The Rp values are obtained from the slope of the relationship be-
tween potential, and current density next to corrosion potential, and
are related to the resistance of the deposit to dissolution. Higher Rp
values indicate enhanced corrosion resistance. Therefore, the results
show that the addition of 0.07 mol/L of glycerol decreases the deposit
dissolution before the formation of the passive film; this addition favors
the corrosion resistance of the deposit because the passive film's protec-
tive performance is not affected. However, Rp decreases with higher
glycerol concentrations, and the addition of 0.14 and 0.34 mol/L of glyc-
erin results in a smaller increase in dissolution resistance.

The corrosion current density, icor, is determined from the Butler-
Volmer equation, which is based on conditions in which the corrosion
process is controlled only by electron transfer [19]. Therefore, the
evaluation of corrosion resistance based on this parameter will only
be reliable if this condition is met. However, the values of icor are con-
sistent with the results obtained from Rp because lower values of icor,
indicate higher corrosion resistance.

In addition to electrochemical measurements, mass loss experi-
ments were also conducted to analyze the effect of the addition of
glycerol to the deposition bath on the corrosion resistance of Zn–Ni
alloy deposits. Fig. 5 shows the corrosion rate obtained from mass
loss measurements. These results indicate that the addition of
0.07 mol/L glycerol results in a significant decrease in the corrosion
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Fig. 5. The corrosion rate of Zn–Ni deposits electrodeposited from deposition baths
containing varying amounts of glycerol is obtained from mass loss measurements in
a 2.0 mol/L NaOH solution.
rate of the deposits. However, the addition of 0.14 and 0.34 mol/L
glycerol does not result in a clear reduction in the rate of mass loss.
Therefore, these results are consistent with the electrochemical mea-
surements, and these results indicate that there is an optimum value
of glycerol concentration in relation to the increase in the corrosion
resistance of the Zn–Ni deposit where the corrosion resistance does
not increase significantly.

3.3. Effect of the glycerol concentration on the composition and structure
of deposits

The effect of the glycerol concentration on the composition and
morphology of the deposits was analyzed to understand the behavior
of deposits in terms of deposition current efficiency and corrosion re-
sistance. Table 3 shows the effect of the glycerol concentration on the
nickel content of the electrodeposits.

The addition of Ni to Zn–Ni alloys increases the alloy's corrosion
resistance [1]. However, the results in Table 3 show that an increase
in the glycerol concentration in the deposition bath does not ensure
a significant increase in the nickel content of the deposit.

The electrodeposition of zinc alloys with iron group metals causes
anomalous codeposition, whereby the less noble metal zinc the less
noble metal is deposited preferentially. Anomalous codeposition is,
therefore, a very important phenomenon in the electrodeposition of
zinc alloys. It has been reported that the deposition of Ni requires
low nucleation overpotential, whereas the deposition of Zn takes
place at a higher nucleation potential. Zn–Ni is codeposited at a mod-
erate potential [20]. According to these authors, this behavior indi-
cates that the deposition of Ni is strongly inhibited by the presence
of Zn2+, whereas the deposition of Zn is induced by the presence of
Ni2+. Zn–Ni electrodeposition in the presence of various polyalcohols
on Pt substrate and on 1010 steel was also investigated. In this case,
the anomalous codepositon of zinc and nickel also occurred [14].

Therefore, with regard to the addition of glycerol to the plating
bath, the results presented here indicate that the deposition efficiency
and corrosion resistance are probably more strongly affected by fac-
tors other than the composition of glycerol.

It has been previously reported in UV–VIS spectrophotometer
studies that glycerol can form a complex with either Ni or Zn [21].
We observed that the addition of glycerol does not change the absor-
bance spectrum of the deposition bath, which indicates that glycerol
does not form a complex with either Ni or Zn.

Fig. 6 shows the X-ray diffractogram pattern of the Zn–Ni deposit
in the absence (Fig. 6a) and in the presence of 0.07 mol/L glycerol
(Fig. 6b). These diffractogram patterns are similar, and thin peaks
that are typical of a crystalline structure are observed. These results
indicate that the addition of glycerol to the bath does not change
the structure of the deposit. The presence of carbon in the deposit
can promote the formation of an amorphous structure. The change
in structure from crystalline to amorphous can increase the corrosion
resistance in the presence of a passivant element [22]. However, in
the present case, the results show that the addition of glycerol does
not change the structure of Zn–Ni deposit despite the presence of car-
bon in glycerol.

X-ray diffraction shows the presence of three phases independent
of the addition of glycerol to the deposition bath: the η phase, which
corresponds to a solid solution of nickel in zinc with a structure
Table 3
The effect of glycerol concentration on the composition of the Zn–Ni deposits
obtained from the deposition bath.

Glycerol Concentration (mol/L) Ni content (%)

0.0 10.24
0.07 10.44
0.14 10.73
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Fig. 6. (a) The X-ray diffractogramm of Zn–Ni deposit obtained in the absence of glycerol
is shown. (b) The X-ray diffractogrammof Zn–Ni deposit obtained in presence of glycerol.

Fig. 7. (a) SEM micrographs of Zn–Ni deposit obtained from a deposition bath contain-
ing no glycerol. (b) SEM micrographs of Zn–Ni deposit obtained from a deposition bath
containing 0.07 mol/L glycerol. (c) SEM micrographs of Zn–Ni deposit obtained from a
deposition bath containing 0.14 mol/L glycerol.
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similar to polycrystalline Zn (hc) (JCPDS card number 87–0712); the
γ phase, which corresponds to the intermetallic compound Ni5Zn21

(JCPDS card number 06–653); and the α phase, which corresponds
to a solid solution of zinc in nickel with a structure similar to poly-
crystalline Ni (fcc). The α phase was identified using the JCPDS pat-
tern of pure nickel (JCPDS card number 87–0713).

3.4. Effect of glycerol addition on the morphology of deposits

Fig. 7a through c shows the SEM micrographs of Zn–Ni electrode-
posits obtained from deposition baths containing various concentrations
of glycerol (0 mol/L, 0.07 mol/L and 0.14 mol/L). The morphology of the
deposit is dependent on the glycerol concentration. Therefore, in Figs. 1
and 4, it can be observed that the deposition efficiency and corrosion re-
sistance of the deposits are correlated to the deposit's morphology.
Fig. 7a through c shows that the presence of glycerol resulted in a de-
crease in the grain size. This decrease is the most significant when
0.07 mol/L of glycerol was added to the deposition bath. Glycerol is po-
tentially adsorbed on the surface of the substrate, limiting the initial
grain growth [23,24]. This decrease is more significant when increasing
the glycerol content from 0.07 to 0.14 mol/L (Fig. 7a to c).

The decrease in grain size enhanced the immersion rate of the initial
grain. This enhancement of rate promotes mass transfer, which in turn
results in a larger deposition efficiency. This behavior is consistent with
the results presented in Fig. 1, which shows that the addition of
0.07 mol/L glycerol increased the deposition efficiency.

Analysis of the micrographs in Fig. 7 also reveals the presence of
light gray grains in the deposit obtained from the deposition bath
containing 0.07 mol/L glycerol (Fig. 7b). This possibly indicates that
new nucleation sites are present on the first layer (gray grain). How-
ever, the micrograph of the Zn–Ni deposit (Fig. 7c) obtained in the
presence of 0.14 mol/L glycerol shows less of that light gray grains,
which indicates that the addition of more glycerol inhibits the
presence of new nucleation sites. This effect is likely related to the
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decrease in grain size, which explains the higher deposition efficiency
in the presence of 0.07 mol/L glycerol in comparison to 0.14 mol/L of
glycerol (Fig. 1).

Smaller grain sizes correlate to a higher density of defects, which
are mainly located at the grain boundary; therefore, the formation
of a smaller protective film is to be expected. However, according to
the results obtained here, the addition of 0.07 mol/L of glycerol to
the deposition bath results in refined grains but does not lead to a de-
crease in the corrosion resistance of the deposit. This behavior is re-
lated to another effect on the corrosion resistance of the deposits
produced by the addition of glycerol.

The formation of an oxide film on the corroded surface is diffusion
controlled, and it is possible that the larger grain boundary area aids
in the diffusion of elements toward the surface, therefore leading to
the formation of a more protective film. A previous study where
zinc electrodeposited in a 0.5 N NaOH solution was analyzed found
that a decrease in grain size resulted in an improvement in the pro-
tective performance of the passive film and increased the corrosion
resistance [17]. In the present case, however, the potentiodynamic
curves presented in Fig. 3 show no beneficial effect of the addition
of 0.07 mol/L glycerol on the protective capacity of the passive film.

In Fig. 7a through c, it can be observed that the addition of glycerol
to the deposition bath results in a more compact deposit that favors
corrosion resistance. Therefore, it is possible that the increase in Rp
produced by the addition of 0.07 mol/L glycerol is related to this ef-
fect. However, Rp decreases with an increase in the concentration of
the glycerol to 0.14 and 0.34 mol/L. Therefore, in these conditions
the increase in grain boundary area is replaced by a predominant ef-
fect on the corrosion resistance.

The effect of glycerol addition on the corrosion of Zn–Ni deposits
can also be related to the increased compressive stresses in the de-
posits. Compressive strains on the surface are known to reduce the
corrosion rate when compared with tensile stresses. Ni electrode-
posits were analyzed, and it was reported that the magnitude of com-
pressive strain with pulsing was higher than with direct current
deposition. The magnitude of compressive strain was also increased
when saccharine was added [25]. In this study, we did not estimate
the microstrain; however, its effect on the added glycerol will be in-
vestigated at a later stage.
4. Conclusions

The addition of 0.07 mol/L glycerol to the deposition bath pro-
duces a significant increase in deposition efficiency. However, at larg-
er concentrations, such as 0.14 and 0.34 mol/L, the addition of
glycerol decreases the deposition efficiency.
The addition of glycerol to the deposition bath does not have a sig-
nificant effect on the protective performance of the passive film of
Zn–Ni deposit in NaOH.

According to the obtained results, there is an optimum glycerol
concentration that increases the corrosion resistance of the Zn–Ni de-
posit. The addition of 0.07 mol/L of glycerol significantly increases the
corrosion resistance of the Zn–Ni deposit; however, for higher con-
centrations, such as 0.14 and 0.34 mol/L, this effect is not observed.

The affect of glycerol addition on deposition efficiency and deposit
corrosion of the Zn–Ni alloy is related to the morphology of the de-
posit, and the addition of glycerol to the deposition bath results in
grain refining and more compact deposits.
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