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AbstractA study was carried out to synthesize Ni-Co alloy coatings electrochemically from complex acidic glycine
(gly) bath. The impacts of some operating parameters such as Co2+ to Ni2+ concentration ratios in the bath, gly concen-
trations, pH, applied current, plating time and temperature on the morphology of Ni-Co alloy were investigated. The
microstructure, microhardness, and electrochemical studies were also investigated. The electrochemical studies utilized
cyclic voltammetry, anodic linear stripping voltammetry, and potentiostatic current-time transient techniques. It was
realized that gly lowers the cathodic overvoltage for the Co2+ deposition while promoting cathodic overvoltage of Ni2+

deposition. Accordingly, the concurrent codeposition of Co2+ and Ni2+ ions was simplified. The morphology of Ni-Co
alloy is significantly dependent on the operating parameters rather than on the bath composition. Moreover, increas-
ing either pH or bath temperature produces Ni-Co deposits free from cracking. The roughness of the alloy is decreased
in the presence of gly as shown by the atomic force microscope (AFM) study. In the presence of gly, the microhardness
increases from 387 to 970 kg f mm2, i.e., it increased more than two-and-a-half times. On the other hand, X-ray dif-
fraction analysis (XRD) data show that the crystallinity decreases with enhancing the percentage of cobalt in the deposits.
Keywords: Ni-Co Alloy, Anodic Stripping, Cyclic Voltammetry, Morphology, Microhardness, Potentiostatic Current

Transients

INTRODUCTION

Ni-Co alloy possesses excellent adhesion and wear resistance,
good hardness, corrosion resistance, and heat conductivity [1-4].
Moreover, these alloys are characterized by high magnetic proper-
ties [5,6]. Therefore, Ni-Co alloy coatings are used in various mag-
netic devices, especially in micro-technology for the manufacture
of sensors, actuators, and memory devices [7,8]. The possible future
applications of Ni-Co alloy coatings can be summarized as follows:
Ni-Co multilayered magnetic nanowires can smooth the way for
the next generation of data storage devices. Cantilever and probe
tips for microscopy can be made of shaped electrodeposited Ni-
Co. In the near future, Ni-Co film with modified surface morphol-
ogies is a good electrocatalyst for hydrogen evolution [9]. There-
fore, Ni-Co alloy deposition has acquired the enormous interest of
researchers. These alloys can be produced via different techniques
such as electrowinning [10], ball milling, gas condensation, sol-gel
[11], physical and chemical vapor deposition [12,13], sputtering
and flame spraying [14-16] and electrodeposition. However, the
electrodeposition technique has priorities over others. It is relatively
inexpensive and carried out mostly at low (room) temperature [17].
The production rate is high with minimal size and shape limita-
tions, and can be utilized to a different substrate [18].

The amount of cobalt in the alloy can be controlled by experi-

mental parameters such as Ni2+/Co2+ ratio in the bath, pH, tempera-
ture, agitation, deposition potential, or applied current as well as
the addition agents. Consequently, the morphology, microstructure
and, mechanical property of Ni-Co alloy can be modified. The
impacts of various complexing agents such as, oxalic, malonic, suc-
cinic acids, citrate, gluconate, acetate, and glycine for nickel-cobalt
electrodeposits have been investigated by several researchers [19-
23]. Among them, gly has been used as a complexing agent for Ni,
Co and Ni-Co alloy deposition [24-26], since gly has a good buf-
fer characteristic and is able to keep the H+ ions concentration
constant at very adjacent to the cathode surface in the electrolytic
process [27-34]. Moreover, electrolytic solutions containing gly have
higher faradic efficiency and produce amorphous coatings [34].
Few investigations have properly handled nickel-cobalt codeposi-
tion in the presence of gly. Furthermore, the reported literature on
the impact of gly on the morphology as well as on microhardness
shows a lack of work. Therefore, the aim of the present paper was
to continue our studies on the electrodeposition of Ni-Co alloy from
gly bath and to evaluate the impact of Co2+ to Ni2+ concentration
ratios in the bath, gly concentrations, pH, applied current and tem-
perature on the morphology, microstructure, and microhardness.

EXPERIMENTAL DETAILS

Experiments were performed from electrolytic solutions contain-
ing CoSO4·7H2O, NiSO4·6H2O, H3BO3 and NH2CH2COOH (gly)
(see Table 1). To study the effect of various [Co2+]/[Ni2+] ratios in the
bath on the electrodeposition process, various baths were estab-
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lished using different ratios starting from 0.111 (Ni-Co 1 bath) to
2.33 (Ni-Co 8 bath) at constant concentrations of H3BO3 and gly
as shown in Table 1. The electrolytic solutions used were prepared
from analytical class chemicals and bi-distilled water. The topogra-
phy of the Ni-Co alloy surfaces was checked with a Philips XL-40
FEG field emission SEM, while the structure of the Ni-Co depos-
its was identified by a Shimadzu XRD-6000 diffractometer (40 kV,
30 mA), Ni filter and CuKa radiation. A potentiostat/galvanostat
SI 1287 Solartron, controlled by a personal computer, was utilized
for the electrochemical measurements. The software packages, Corr-
Ware 2 and CorrView2, provided by Solartron were used to trace
and analyze the data. A schematic representation for the electrode-
position method is given in Fig. 1. A normal three-electrode cell
was utilized for cyclic voltammetry (CV) tracing. The electrode act-
ing as a working electrode was a glassy carbon electrode (GCE), a
saturated calomel electrode (SCE) as a reference electrode and a Pt
wire as a counter electrode. In the cathodic scan, the sweeping poten-
tial was initiated at a negative value and swept in a more negative
direction. The scan was then reversed in the anodic direction up
to the initial potential value. On the other hand, the anodic linear

Table 1. Composition of some Ni-Co alloy baths

Bath
Concentration (g/L)

pH  (mS)
NiSO4 CoSO4 H3BO3 Glycine

Ni-Co 1 90 10 30 100 3.63 25.2
Ni-Co 2 80 20 30 100 3.68 24.8
Ni-Co 3 75 25 30 100 3.70 25.1
Ni-Co 4 70 30 30 100 3.71 25.1
Ni-Co 5 60 40 30 100 3.74 25.0
Ni-Co 6 50 50 30 100 3.78 24.8
Ni-Co 7 40 60 30 100 3.82 25.0
Ni-Co 8 30 70 30 100 3.86 25.1

Fig. 1. A schematic diagram explaining electro-deposition method
(WE: working electrode, CE: Counter electrode, RE: refer-
ence electrode).

Fig. 2. Cyclic voltammetric curves recorded at GCE for deposition
of Co, Ni and Ni-Co alloy from baths containing: 100 g/L
gly, 30 g/L H3BO3, scan rate 100 mV s1.

stripping voltammetry (ALSV) investigations were performed as
published earlier [24,25]. The microhardness measurements were
performed on some as-plated samples (the time of the plating was
60 min). In the microhardness measurements, a 25 gram-force was
utilized and the indentations were established immediately on the
coated sample. The microhardness of the electrodeposited coat-
ings is commonly evaluated utilizing a traditional microhardness
method employing a Vickers indenter (Hysitron TI 725 Ubi.). The
medium of five readings recorded over the surroundings of a cir-
cle was considered as an estimation of the microhardness of the
tested specimen. The data were expressed as Vicker’s hardness num-
ber (VHN).

RESULTS AND DISCUSSION

1. Cyclic Voltammetry
Fig. 2 shows the cyclic voltammograms (CVs) of single metal

deposition of Ni, Co and Ni-Co alloy under comparable conditions.
The data explores that the reduction peak of Ni-Co alloy lies in
between those of Ni and Co. The increase in the slope of the cathodic
part of the curves indicates the enhancement in the rate of deposi-
tion. This means that the rate of Ni deposition is higher than that
of Co. On the other hand, the oxidation peak of Co was found to
be higher than that of Ni or Ni-Co alloy, indicating that the Co
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will be preferentially deposited under such circumstances. The CV
of Ni displays two peaks, a sharp cathodic peak at 1.2 VSCE rep-
resents the reduction of Ni2+ to Ni0 and an anodic peak at 0.15
VSCE represents the Ni dissolution. On the other hand, the CV of
Co exhibits a sharp cathodic peak at 1.25 VSCE analogous to the
reduction of Co2+ to Co0 and an oxidation peak at 0.08 VSCE rep-
resents the Co dissolution. On the other hand, the voltammogram
of the alloy explores one reduction peak at 1.22 V correspond-
ing to the codeposition of Co2+ and Ni2+ ions and a broad anodic
peak at 0.0 VSCE equivalent to the concurrent dissolution of cobalt
and nickel. Note that the anodic oxidation peak of Ni is smaller
than that of Co or Ni-Co alloy, indicating that the Ni will be pres-
ent in a small amount in the alloy.

Fig. 3 shows typical CVs of the Ni-Co alloy from solutions con-
taining various [Co2+]/[Ni2+] ratios. The data shows that the reduc-
tion peak is not affected by changing the [Co2+]/[Ni2+] ratios in the
electrolytic bath. However, the anodic oxidation peak heights in-
creased with increasing this ratio due to the increase in the Co

Fig. 3. Cyclic voltammetric curves recorded at GCE for various
[Co2+]/[Ni2+] ratios in the baths (100 g/L gly, 30 g/L H3BO3),
scan rate 100 mV s1.

Fig. 4. Cyclic voltammograms recorded at GCE during Ni-Co alloy
deposition from bath containing: 70g/L NiSO4, 30g/L CoSO4,
30 g/L H3BO3 at different gly concentrations, scan rate 100
mV s1.

Fig. 5. Cyclic voltammograms recorded at GCE during Ni-Co alloy
electrodeposition from bath containing: 70 g/L NiSO4, 30 g/
L CoSO4, 30 g/L H3BO3 and 100 g/L gly at different pH val-
ues, scan rate 100 mV s1.

percent in the deposit. The oxidation peak moves to the less noble
potentials as the percentage of cobalt in the solution enhances.
The obvious broadening of the oxidation peak for Ni-Co 2 and
Ni-Co 4 baths indicates the slow rate of Ni and Co dissolution
from the deposited alloy. Furthermore, the presence of cross-over
of the cathodic and anodic scans is noticeable, indicating a new
phase formation involving nucleation followed by diffusion-limita-
tion [33].

Fig. 4 depicts the influence of gly concentration on the CVs of
Ni-Co alloy. The observed cathodic peaks were moved slightly
towards the more negative potentials as a result of complexation
and could be due to the adsorption of gly [27]. It was realized that
gly lowered the cathodic overvoltage for the Co2+ deposition while
promoting the cathodic overvoltage of Ni2+ deposition. Accord-
ingly, the concurrent codeposition of Co2+ and Ni2+ ions was sim-
plified. On the other hand, the anodic oxidation peak heights were
decreased with increasing gly concentration and the peak became
very broad. Our previous work [24] concluded that the complex
formed between Ni2+ and gly activates the electroreduction of Ni2+

ions. This implies also that glycine acts as an accelerator for nickel
reduction over the copper surface and does not block the active
sites on the electrode surface for nickel deposition. In contrast, the
deposition of Co2+ is markedly inhibited by complex formation.
The liberation of Co2+ from glycine at the cathode is slow due to a
strong interaction between Co2+ and glycine [25].

Fig. 5 explores the impact of pH (pH 3.0-8.1) of the electrolytic
solution containing cobalt, nickel, and gly on the cyclic vo1tam-
metric responses. Investigation of the results in Fig. 4 explains that
increasing pH moved the reduction peak in the cathodic scan to
the more negative potential value well consistent with the data of
the polarization behavior illustrated previously in [26]. This is
more noticeable when the pH is higher because, at higher pH, the
level of complexation is also high. In the case of low pH, the reduc-
tion potential shift is affected by H+ ions, while it is influenced by
OH ions in the case of higher pH values. Fig. 5 explores that in-
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creasing pH leads to a decline in the anodic peak. It could be real-
ized that an increase in pH leads to a decline in the rate of alloy
deposition, leading to a noticeable decline in the area of dissolution
peaks. The peak height is expressive of the amount of the given
phase in the deposited coat. Hence, with increasing the pH value,
the amount of Ni-Co declines as specified by the relative decline
in the heights of the anodic peaks in the CVs.
2. In Situ-anodic Linear Stripping Voltammetry (ALSV)

Under anodic overvoltage conditions, the distinct components
of an alloy tend to dissolve at different potentials, and the distribu-
tion of voltammetric peaks is characteristic for each alloy struc-
ture. The peak currents depend on the film thickness, while their
number and potential depend only on the alloy structure. A typi-
cal ALSV for Ni-Co alloy codeposited on the GCE at various plat-
ing conditions is shown in Figs. 6-8. The alloy was deposited at
1.22 VSCE for 100 s. For comparison, stripping voltammograms
for pure Ni, pure Co and Ni-Co alloy were performed at similar
experimental circumstances (Fig. 6). Each voltammogram contains
a single dissolution peak. The appearance of a dissolution peak for
the Ni-Co deposit indicates that the Co and Ni components of the
deposit dissolved concurrently. Nonetheless, the stripping charge

Fig. 6. In-situ anodic linear stripping voltammetric curves for Co,
Ni and Ni-Co alloy (E=1.22 V, t=100 s, scan rate 10 mV s1).

Fig. 7. In-situ anodic linear stripping voltammetric curves for Ni-
Co alloy deposited from baths with various [Co2+]/[Ni2+] ratios
(E=1.22 V, t=100 s, scan rate 10 mV s1).

Fig. 8. In-situ anodic linear stripping voltammetric curves of Ni-Co
alloy deposition with various concentrations of gly (E=1.22
V, t=100 s, scan rate 10 mV s1).

(the area under the peak) might be taken as a quantitative estima-
tion of the current efficiency of metal deposition. It is noticeable
that the stripping charge of pure Ni is very low as compared to
that of pure Co and the Ni-Co deposit. These outcomes affirm the
assumption that cobalt-rich deposit is produced from these elec-
trolytic solutions at room temperature.

A group of ALSV responses for the alloy deposited from vari-
ous [Co2+]/[Ni2+] ratios in the electrolytic solution was performed
and the data are given in Fig. 7. The results show that the amount
of electricity used at the anodic peak potential increases with iin-
creasing Co2+ concentration or increasing [Co2+]/[Ni2+] ratio in the
bath. The stripping peak potential is considerably moved to the
less noble potential with enhancing [Co2+]/[Ni2+] ratios in the elec-
trolytic solution. According to Fig. 7, the alloy containing higher
Co content is more easily oxidized than that containing less Co
content.

Fig. 8 describes the influence of the inclusion of various gly con-
centrations (0-100 g/L) into the electrolytic solution on the strip-
ping voltammograms. The inclusion of gly into the electrolytic
solution decreased the stripping charge of the Ni-Co deposition
and then decreased the current efficiency of the alloy deposition,
inconsistent with our previous work [26]. This indicates that the
plating process is inhibited in the presence of gly. The appearance
of two anodic oxidation peaks in the anodic response, especially in
the presence of gly, could probably be due to the dissolution of the
alloy from different phases, which cannot be detected using XRD
since the alloy is not well crystalline. The ALSV responses during
Ni-Co alloy codeposition at various pH were carried out and it
was found that increasing the pH enhances both the stripping cur-
rent and the area under the peak (data are not shown here).
3. Potentiostatic Current-time Transients

Potentiostatic i-t transients have some usefulness over CV when
utilized to study the kinetics of nucleation and its growth. The
nucleation takes place at a definite deposition potential, defining
constant values of the nucleation work and the rate of charge trans-
fer for the whole surface of an energy-regular electrode during
interval time. For this objective, a group of i-t transients at a speci-
fied deposition potential, for Ni-Co alloy deposition onto GCE
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under different operating conditions, were measured and results
are presented in Figs. 9, 10.

Fig. 9 presents typical potentiostatic i-t transients for Ni-Co alloy
deposition at various deposition potentials. It is seen that the cur-

rent increases quickly to a limiting or steady-state value. Transients
are distinguished for the nucleation and phase growth of metal on
glassy carbon. Moreover, the data suggest that nucleation growth is
not a diffusion-controlled process. The ascending part of the curve

Fig. 9. Potentiostatic current-time transients during Ni-Co alloy electrodeposition from bath containing: 100 g/L NiSO4, 100 g/L CoSO4, 30 g/
L H3BO3 and 100 g/L gly at different values of deposition potentials, t=20 s, insert is the relationship between current density and t1/2

during Ni-Co alloy electrodeposition at various deposition potentials.

Fig. 10. Potentiostatic current-time transients for different [Co2+]/[Ni2+] ratios in the baths during Ni-Co alloy electrodeposition from bath
containing: 30 g/L H3BO3, 100 g/L gly, E=1.1 V, t=100 s, insert is the relationship between current density and t1/2 during Ni-Co
alloy electrodeposition at various [Co2+]/[Ni2+] ratios in the bath.
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explores the enhancement in current as the electroactive area is
enhanced either as instantaneous growth (each independent nucleus
grows in size) and/or as progressive growth (the number of nuclei
increases). The current transients flatten off when the surface be-
comes filled [32]. The small variation of the steady-state current
with time suggests that after overlapping of the growth nuclei and
formation of a ceaseless coating thickening occurs under limited
diffusion control. The steady-state current is enhanced as the depo-
sition potential is made more negative. Hydrogen evolution again
occurs, but the current for this side reaction serves only to mag-
nify the response without changing its shape.

The rising portions of the transients were analyzed by drawing i
against t1/2, whereby straight lines were obtained as shown in Fig. 9
inset. This indicates that the Ni-Co alloy is created by a mecha-
nism where instantaneous nucleation is followed by 3D growth
under charge transfer control [35,36]. This means that the forma-
tion of fresh nuclei is arrested at a very early stage. The slopes of
these plots are proportional to the rate constant for charge transfer.

Fig. 10 shows the potentiostatic i-t transients at a constant deposi-
tion potential of 1.1 VSCE for Ni-Co deposition from different
[Co2+]/[Ni2+] ratios in the bath. Analysis of the rising portion of
the i-t curves (Fig. 10 inset) produces straight lines which indicate
also that whatever this ratio in the bath, the Ni-Co deposit is formed
by a mechanism where instantaneous nucleation is followed by
3D growth under charge transfer control.
4. Characterization of Ni-Co Alloy Deposits
4-1. Surface Morphology

The addition of gly to the electroplating bath of Ni-Co deposi-
tion produces bright deposits characterized by high adhesion to
the copper substrate. The surface morphology of the as-plated coat-
ing of Ni-Co deposited from gly-free solutions shows circular
grains of different sizes which covered the entire cathode surface
(Fig. 11). It is observed that the deposit obtained from a gly-free
solution is free from cracking. However, most of the deposits pre-
pared from solutions containing gly exhibit extensive microcrack-
ing on the surface. This could be due to the observed tensile stress
result from the H2 evolution. The tensile stress could be easily
detected by plating from these baths for a long time. The addition
of a low concentration of gly (25 g/L) into the electrolytic solution
increased the formation rate of crystallite nucleation on the sub-
strate. Further increase in gly concentration in the bath (25-150 g/
L) produced intense microcracks (Fig. 11).

Generally, from the data shown in Figs. 11 and 12 the morphol-
ogy of Ni-Co alloy is strongly dependent on the operating condi-
tions rather than on the bath compositions. For example, all the
deposits obtained from Ni-Co 1 bath to Ni-Co 8 bath have the
same morphology (Fig. 12). These results indicate that the change
in the [Co2+]/[Ni2+] ratio in the bath or the gly concentrations has
no significant effect on the morphology. However, changing the
operating conditions, e.g., current density, temperature and pH pro-
duced deposits that possess different morphology. For example,
increasing the current density from 6.7 to 33.3 mA cm2 (Fig. 13)
leads to the formation of a cauliflower-like structure which increased
in size with an increase in current density. However, raising pH
from pH 3.0 to pH 8.1 (Fig. 14) decreased the cracking of the
deposit and this could be due to the decrease in the rate of H2

Fig. 11. SEM photomicrographs of Ni-Co 4 deposited at various gly
concentrations.
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Fig. 13. SEM photomicrographs of Ni-Co 4 deposited at various current density.

Fig. 12. SEM photomicrographs of Ni-Co alloy deposited at various [Co2+]/[Ni2+] ratios in the bath.
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Fig. 14. SEM photomicrographs of Ni-Co 4 deposited at various pH.

Fig. 15. SEM photomicrographs of Ni-Co 4 deposited at various bath temperature.
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evolution. This is clear from the photomicrograph at pH 8.0 that
exhibits a drastic change in morphology where very fine grains in
elongated shape (in nanosized) free from cracking were obtained.

On the other hand, increasing bath temperatures shows that the
cracking is completely disappeared starting from bath tempera-
ture of 40 oC, and a drastic change in morphology is observed with
the further increase of temperature (Fig. 15). The alloy grains changed
from circular grains to very fine grains. Note that increasing either pH
or bath temperature produced Ni-Co deposits free from cracking.

The effect of plating time (5.0-30 min) on the surface morphol-
ogy of Ni-Co deposits was investigated and the data are shown in

Fig. 16. Increasing the duration of plating increased the agglomera-
tion of the alloy grains. It is also noticeable that at 30 min the cracks
completely disappeared. As a conclusion, increasing the plating
time or current density resulted in the establishment of clusters of
agglomerated grains. Therefore, enhancing either pH or bath tem-
perature produced very fine grains.

On the other hand, Fig. 17 shows the AFM images of the Ni-Co
electrodeposited from bath free from gly and bath containing gly.
It is found that the alloy is deposited as three-dimensional nuclei
that are randomly distributed over the copper substrate surface in
different sizes. Moreover, the roughness of the alloy deposit decreases

Fig. 16. SEM photomicrographs of Ni-Co 4 deposited at various deposition time.

Fig. 17. AFM images of the Ni-Co alloy deposited in the absence and presence of gly concentrations (a) 0 g/L gly, (b) 75 g/L gly.
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in the presence of gly from 1.38m to 812.9 nm. Simultaneously,
the coatings tend to be more compact and have smaller size nuclei.
4-2. XRD Analysis

X-ray analysis does not always permit identifying the phases
present in the coating [37]. Several Ni-Co electrodeposition inves-
tigations [9] have concluded that various properties, microstruc-
ture, and phase structure, of these alloys are a function of the Co
content of the coating, which is controlled by deposition parame-
ters such as pH, temperature, electrolyte composition, and the
applied current. The XRD data shows that the Ni-Co alloy depos-
ited from gly-containing solution is characterized by a low degree
of crystallinity as presented in Fig. 18. The outcomes specify that
the Ni-Co alloy prepared from gly-containing solution exhibited
three peaks corresponding to the following hexagonal close-packed
(hcp) phases: (100) at 2=40.9o and (002) at 2=43.8o and (110)
at 2=73.3o, respectively. Generally, the degree of crystallinity de-
creases with an increasing percentage of cobalt in the deposits.
This is clear from the diffractograms at higher Co content of 65.4
and 85.5%. In fact, most of the Ni-Co alloy deposited from other
baths are well crystalline and exhibit sharp peaks in the XRD dif-
fractograms [19,38,39].
4-3. Microhardness of Ni-Co Alloy

The Vickers microhardness Hv (kg f mm2) for some as-plated
Ni-Co alloy electrochemically formed from gly-containing and
gly-free solutions was determined. The results indicate that the
microhardness of the alloy formed from gly solutions is greater than
the microhardness of the alloy formed from gly-free solutions. It
was observed that the hardness of Ni-Co alloy from gly free solu-
tion was 387kg f mm2. The inclusion of 50g/L gly enhances greatly
the microhardness to be 970 kg f mm2 (Table 2), i.e., the micro-

hardness is increased more than two-and-a-half times in the pres-
ence of gly. Further inclusion of 100g/L gly shows that the hardness
is still high (962 kg f mm2). These values are much higher than
that reported for some other cobalt alloys deposited under similar
conditions [22,24,40]. For example, Hagarova et al. reported a value
of 556 Hv as a maximum value of Ni-Co alloy deposited from sul-
fate-chloride bath [41]. On the other hand, Ma et al. showed that
the microhardness of nanocrystalline Ni-Co coating formed from
chloride solutions was in the range of 300-500 HV relying on the
Co percentage [42].

CONCLUSIONS

The morphology, structure, and microhardness of Ni-Co deposits
prepared from gly electrolytes were studied as a function of gly ion
concentration, which acts as a complexing agent during the elec-
trodeposition process. It was realized that gly lowers the cathodic
overvoltage for the Co2+ deposition and promotes cathodic over-
voltage of Ni2+ deposition. Accordingly, the concurrent codeposi-
tion of Co2+ and Ni2+ ions was simplified. The morphology of Ni-
Co alloy is strongly dependent on the operating conditions rather
than on the bath compositions. Increasing either pH or bath tem-
perature produced very fine grains of Ni-Co deposits free from
cracking. The potentiostatic current-time curves show that the Ni-
Co alloy deposit is formed by a mechanism where instantaneous
nucleation is followed by 3D growth under charge transfer. On the
other hand, XRD data show that the crystallinity decreases with
enhancing the percentage of cobalt in the deposits. Moreover, in
the presence of gly, the microhardness increases greatly from 387
to 970 kg f mm2, i.e., more than two-and-a-half times. Additional
research is required to better understand the microstructure and
properties of Ni-Co coatings and to develop further coatings with
improved characteristics such as wear and corrosion resistance. In
the present study, the microhardness was high enough, and the
Ni-Co coating is a candidate to replace hard chromium coating.
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