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In present investigation, a new brightener 
was synthesized by condensation of 3, 4, 
5-Trimethoxy benzaldehyde and Glycine 
(TG). Hull cell experiments were conducted 
to optimize the plating bath components 
and operating parameters. To examine the 
influence of TG on nucleation mechanism 
of Zn-Co alloy electrodeposition, cyclic voltammetry and chronoamperometry study was carried 
out. Schariffker and Hills model was used to analyze current transients, which in presence of TG 
confirmed instantaneous nucleation. Corrosion studies were done using potentiodynamic polariza-
tion and electrochemical impedance spectroscopic technique, in 3.5 wt. % NaCl for bright and dull 
zinc-cobalt alloy coatings. Phase structure, surface morphology and brightness of the deposit were 
characterized by X-ray diffraction analysis, scanning electron microscopy and reflectance studies. 
These studies revealed the role of TG in modifying the nucleation mechanism and surface morphol-
ogy of zinc-cobalt alloy crystallites and thereby producing a bright corrosion resistant Zn-Co alloy 
coating on mild steel substrate.
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1 Introduction

The electrodeposition of zinc-cobalt alloys has 
drawn a lot of attention because these alloys 
show significantly increased corrosion resis-
tance than pure zinc [1]. The alloying elements 
successfully used with zinc are iron, cobalt and 
nickel. The fundamental function of iron, cobalt 
and nickel along with zinc is to modify the cor-
rosion potential of deposit. The alloy becomes 
slightly nobler than zinc and hence the corrosion 
rate of the alloy is slowed. At the same time, the 
deposit is still sacrificial with respect to steel. 
Consequently the same thickness of an alloy has 
the ability to protect the underlying steel for 
a longer time than conventional zinc [2]. Coat-

ing with low cobalt content are less noble than 
steel so that they represent a sacrificial type of 
coating. Those with increased cobalt content 
are nobler than steel and provide barrier type 
of protection [3]. Only about 1 wt. % of cobalt 
is needed when alloying zinc with cobalt to 
obtain similar corrosion resistance to zinc-nickel 
(10–14 wt. %).

As characterized by Brenner et al., the elec-
trodeposition of Zn-Co alloys from aqueous plat-
ing baths is the anomalous type of codeposition; 
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 
zinc-cobalt alloys produced from aqueous plating 
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baths is usually low. The electrodeposition of Zn–
Co alloys with a controlled morphology and com-
position has been investigated as a result of their 
improved corrosion resistance.

From the available literature it is well known that 
additives which are often organic compounds 
yield coatings with desirable surface properties. 
Organic compounds containing oxygen, sulphur 
and nitrogen are amongst the most widely used 
additives in modern electroplating. These com-
pounds can adsorb on the growing deposits or on 
the substrate with an impact on deposit proper-
ties and the electroplating process [4].

Zinc and its alloy coatings, in presence of addi-
tive called ‘Brightener’ further increase corro-
sion resistance ability and help to improve the 
surface morphology of the coating [5–7]. Hence 
presently there is more focus on these studies. 
Though enough literature is available on zinc-co-
balt alloy coatings in presence of various bright-
eners but much information on the mechanism 
of zinc-cobalt alloy co-deposition and mode of 
nucleation mechanism is not mentioned. Hence 
in the present work, an attempt has been made 
to investigate the codeposition mechanism and 
mode of nucleation, with attention also being 
given to deposit morphology and composition. 

Fig. 1: Hull cell experimental results: (a) Key, Influence of (b) Brightener (TG) (c) Zinc Sulphate (d) Cobalt Chloride (e) Sodium 
sulphate (f) Boric acid (g) Cetyl trimethyl ammonium bromide (CTAB) (h) pH (i) Temperature (j) Current
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Voltammetry was used to study the codeposi-
tion mechanism. Chronoamperometry was used 
to explain the nucleation mode and techniques 
such as SEM and XRD were used to character-
ize the deposits obtained under different condi-
tions.

2 Experimental

2.1 Preparation of brightener

Condensation product of 3, 4, 5-Trimethoxy 
benzaldehyde and Glycine (TG) was selected as 
a brightener to obtain bright coatings. Conden-
sation product was synthesized by using analyt-
ical grade chemicals. Equimolar concentration 
of Glycine and 3, 4, 5-Trimethoxy benzaldehyde 
were mixed and condensed in 50 ml acetic acid 
medium, in a reflux condenser. A magnetic stirrer 
was used for stirring the mixture and heating was 
done on a hot plate for approximately 3 hrs, at 
343K temperature [8].

Thin layer chromatography technique was used to 
confirm the formation of condensation product. 
Dilution of this condensation product obtained 
was done with distilled water, in a 100 ml stan-
dard flask. A fixed volume of this newly synthe-
sized organic additive solution (TG) was included 
in a zinc-cobalt basic bath solution and stirred for 
45 minutes using magnetic stirrer, before carrying 
out the Hull cell experiments.

2.2 Preparation of optimized zinc-cobalt 
plating bath and electrodeposition process

Electrodeposition was done using miniature 
plating tank called ‘Hull cell’. Condensation prod-
uct TG was added in plating bath solution and its 
optimized concentration (53 ml) was determined 
using the Hull cell experiment. Optimization of 
every other component present in the bath and 
its operating parameters was done by repeating 
the Hull cell experiments in the range depicted 
in Hull cell codes (Fig. 1). Table 1 gives the opti-
mized composition of zinc-cobalt plating bath 
solution.

2.3 Electrodeposition process

Pretreatment was given to the steel plate by using 
organic solvent, emery paper, rinsed with distilled 
water and dried. Pure zinc plate acted as anode 
and the cathodic material was a pretreated mild 
steel plate. Using a Hull cell, DC power supply, 
anode and cathode, electrodeposition was done 
for 10 minutes.

Plated Hull cell panels (mild steel plates coated in 
absence and presence of brightener) were used 
for corrosion, electrochemical and surface mor-
phological studies.

Corrosion studies were done by Electrochem-
ical Impedance Spectroscopy and Polarization 

Tab. 1: Composition of optimized zinc-cobalt bath and its operating conditions  

Bath components Concentration Operating Conditions

ZnSO4 0.5 M Anode: Zinc plate (99.9 %)
CoCl2.6H2O 0.1 M Cathode: Mild steel plate

NaSO4 0.26M pH: 3.5
H3BO3 0.3 M Temperature: 293–303 K
CTAB 0.006 M Plating time: 10 min

Brightener (TG) 53 mlL-1 Bright Current density range: 3.0–6.5Adm-2
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techniques using electrochemical workstation 
(Model: CHI660D). Zinc-cobalt coated steel plate 
acted as working electrode, platinum foil as 
counter electrode and SCE as reference electrode. 
Scan rate was 0.05 V/s in the range of potential 
-0.1 V to -1.4 V. Frequency range for EIS was in 
between 100 KHz and 1 Hz with perturbation 
signal amplitude of 0.005 V. Surface morpholog-
ical studies were done using SEM, XRD and reflec-
tance spectroscopy. Texture coefficient is calcu-
lated using the formula given in the earlier liter-
ature [27]. Standard JCPDS powder diffraction file 
card (JCPDS Zn-Co 29-0523) was used to obtain 
data for finding texture coefficient. Percentage 
reflectance was measured using USB 4000 reflec-
tance spectrophotometer [27].

3 Results and Discussion

3.1 Cyclic voltammetry studies

Electrochemical behavior of zinc- 
cobalt alloy deposit on mild steel 
was studied using cyclic voltammetry 
technique. During cathodic scan in 
dull deposit, cathodic peak potential 
was noted at -1.264V (E1). It is related 
with simultaneous discharge of both 
Zn2+ ion and Co2+ ion to zinc atom and 
cobalt atom. When the sweep direction 
is reversed, two crossovers are seen 
in cathodic region of voltammogram. 
Nucleation over potential is the first 
crossover potential, which occurs at 
more cathodic region and is denoted 
by symbol Eη [9, 10]. Second crossover 
potential at zero current region occurs 
at potential of -1.148 V and is denoted 
by symbol Eco. These crossovers form 
distinguishing attributes of three 
Dimensional crystal growth processes. 
In dull coat, four peaks of oxidation (A1, 

A2, A3 and A4) also called anodic peaks are seen 
in the voltammogram. Numerous anodic peaks 
are detected during oxidation of zinc-cobalt alloy, 
due to formation of various intermediate phases 
of zinc and zinc-cobalt alloy in deposit. Multiple 
anodic peaks indicate the presence of multiple 
phases in zinc-cobalt alloy deposit. These 4 phases 
are η-phase of zinc, γ-phase of zinc, η-phase of 
cobalt and γ-phase of cobalt [11]. Anodic peak 
observed at -0.889 V (A1) indicates zinc oxidation 
from η-phase which is unadulterated phase of 
zinc and that observed at -0.603 V (A2) indicates 
the oxidation of zinc from γ-phase. Anodic peaks 
at -0.478 V (A3) and -0.261 V (A4) indicate cobalt 
oxidation from η-phase and zinc oxidation from 
γ-phase respectively [11].

In bright deposit, cathodic peak potential (E2) 
was noticed at -1.298 V, higher negative poten-
tial, indicating adsorption of TG on the cathode 

Fig. 2: Typical cyclic voltammogram of zinc-cobalt alloy coating obtained 
from optimized zinc-cobalt bath solution, 0.5 M ZnSO4 + 0.1 M CoCl2 + 
0.26 M Na2SO4 + 0.3 M H3BO3 + 0.006 M CTAB, pH = 3.5 in bright and 
dull zinc-cobalt alloy deposit, at scan rate of 0.05 Vs-1 and in the poten-
tial range of -0.1 V to -1.4 V (Red colored line indicates bright Zn-Co 
alloy deposit and black colored line indicates dull Zn-Co alloy deposit)
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This result indicates that due to partial adsorption 
of TG on cathode, dissolution process is hindered. 
Hence it confirms the formation of more compact 
bright zinc-cobalt alloy coating.

3.2 Current transient examination

Current transients were examined under given 
experimental conditions, to explore the nucle-
ation mechanism involved in dull and bright 
zinc-cobalt alloy coating on steel. Most impor-
tant factor accountable for the creation of 
refined deposit is production of new nucleation 
sites and growth rate of crystallites. Electrocrys-
tallisation is a process of new phase formation 
and chronoamperometry is an effective tech-
nique to explain this process [12].

Figure 3 depicts current-time transients noted 
in reduction of zinc and cobalt ion, in potential  
range from –1.20 V to -1.28 V, in case of dull and 
bright zinc-cobalt alloy coating. The transient 
behavior is characteristic of nucleation mecha-
nism, exhibiting three dimensional (3D) nuclei 
expansion.

Nucleation process was illustrated using 3D 
nucleation models, whose equations for instan-
taneous and progressive mode are given as 
below:

Instantaneous mode

Progressive mode

thereby leading to obstruction near electrode 
surface and hence inhibiting discharge of zinc and 
cobalt ions, finally resulting in decrease of grain 
size [9]. This has been confirmed with SEM and 
X-Ray diffraction studies. Voltammogram shows 
three broad anodic peaks (A1, A2 and A3) at -0.881 
V, -0.557 V and -0.348 V. First broad peak (a1) indi-
cates zinc oxidation from η-phase, second peak 
(A2) indicates Zinc oxidation from γ-phase and 
third peak (A3) indicates cobalt oxidation from 
η-phase and γ-phase.

It was found that in presence of TG, anodic peaks 
are a bit shifted towards positive potential. It’s a 
clear indication of the fact that, presence of TG 
in plating bath makes oxidation of zinc and cobalt 
more difficult, resulting in reduction of the grain 
size of zinc-cobalt alloy crystallites thereby making 
it appear more smooth, compact and uniform 
[12]. In bright deposit the cathodic peak poten-
tial was observed at -1.298 V. Most probably, TG 
adsorbs on cathodic surface. Hence there is shift 
in cathodic peak potential towards more nega-
tive direction. When this phenomenon happen 
a portion of surface area is blocked by TG [11]. 
Consequently, zinc and cobalt ions get reduced 
at remaining portion of the surface area that was 
not blocked. When overvoltage is increased then 
TG gets desorbed allowing reduction of zinc and 
cobalt ions at the blocked area. On reversing the 
potential scan in opposite direction, four anodic 
peaks with decreasing peak height are noticed, 
corresponding to zinc and cobalt oxidation from 
η- and γ-phases [11].

Tab. 2: Experimental data noted from voltammo-
gram (η is overvoltage, Eco is Crossover potential 
and Ec is cathodic peak potential) 

Type of coating Ec / V Eco / V η / V

Dull coat -1.264 -1.098 0.166
Bright coat -1.298 -1.116 0.182
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Non-dimensional plots obtained from theoretical 
as well as experimental data of dull and bright 
zinc-cobalt alloy coatings are depicted in Figure 4 
at different potentials.

According to the conventional theorem, electro-
chemical reduction of iron-group metal ions on 

the cathode surface follows the mechanism given 
below [13].

2H2O + 2e- → H2 + 2OH- <3> 
M2+ + OH- → M(OH)+ <4> 
M(OH)+ → M(OH)ads

+ <5> 
M(OH)ads

+ + 2e- → M + OH- <6>

Fig. 3: Current transients for zinc-cobalt electrodeposition from 0.5 M ZnSO4 + 0.1 M CoCl2 + 0.26 M Na2SO4 + 0.3 M H3BO3 + 
0.006 M CTAB, pH: 3.5, Current density: 3.5 Adm-2 in (A) dull (B) bright zinc-cobalt alloy coating

2 
 

 
 
Fig. 3 Current transients for zinc-cobalt alloy electrodeposition from 0.5 M ZnSO4 + 0.1 M CoCl2 + 0.26 M 
Na2SO4 + 0.3 M H3BO3 + 0.006 M CTAB, pH : 3.5, Current density : 3.5 Adm-2

 in (A) dull zinc-cobalt alloy 
deposit and (B) bright zinc-cobalt alloy deposit 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Non-dimensional (I/Imax)2 vs. t/tmax plot for zinc-cobalt alloy electrodeposition obtained from 0.5 M ZnSO4 + 0.1 M CoCl2 + 
0.26 M Na2SO4 + 0.3 M H3BO3 + 0.006 M CTAB, pH = 3.5, Current density = 3.5 Adm-2 in (A) dull (B) bright zinc-cobalt alloy coating

3 
 

 

 

 

 

 

 

 

 

Fig. 4: Non-dimensional (I/Im)2
  vs. t/tm  plot for zinc-cobalt alloy electrodeposition obtained from 0.5 M 

ZnSO4 + 0.1 M CoCl2 + 0.26 M Na2SO4 + 0.3 M H3BO3 + 0.006 M CTAB, pH = 3.5, Current density = 3.5 Adm-2
 

in (A) dull (B) bright zinc-cobalt alloy coating 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8 Journal for Electrochemistry and Plating Technology

Eugen G. Leuze Verlag  |  www.jept.de  July 2021

Where M designates iron, cobalt, and nickel 
metal. Reduction rate of M mainly depends on 
the stability of M(OH)ads

+ or M(OH)+. Stability of 
zinc and cobalt metal monohydroxide ions is in 
the following order: Co(OH)+ > Zn(OH)+ hence the 
content of cobalt in coating is much lower than 
that of zinc.

Meanwhile the nucleation or growth process of 
Zn-Co deposit is always coupled with release of 
hydrogen gas, which is evident from the equation 
<3> and <6>. Hence the experimental (I/Im)2 is 
always greater than theoretical (I/Im)2.

Nucleation mechanism of dull zinc-cobalt alloy 
coat is depicted in Figure 4 (A). The growing part 
of transients is positioned on theoretical progres-
sive curve.

Nucleation mechanism of bright zinc-cobalt alloy 
coat is depicted in Figure 4 (B). The current tran-

sients are located on instantaneous nucleation 
curve. This result proved that in case of bright 
zinc-cobalt alloy deposit the nucleation process 
occurs by instantaneous mode.

An additional analytical aspect depends on the 
growing part of transient curves, based on early 
stage deposition study [12, 14]. It is possible to 
plot I versus t1/2 denoting instantaneous nucle-
ation and I versus t3/2 denoting progressive nucle-
ation.

Figure 5 (A) shows plot of I versus t3/2 observed 
for dull zinc-cobalt alloy deposit under the given 
experimental conditions and confirms progres-
sive nucleation mechanism.

Figure 5 (B) shows plot of I versus t1/2 observed for 
bright zinc-cobalt alloy deposit under the same 
experimental conditions and confirms instanta-
neous nucleation mechanism [15–18].

Fig. 5: (A) Dependence between I versus t3/2 plot for preliminary transient portion of dull zinc-cobalt alloy electrodeposit (from 
Fig. 3 (A)), and (B) Dependence between I versus t1/2 plot for preliminary transient portion of bright zinc-cobalt alloy electrode-
posit (from Fig. 3 (B))

4 
 

 

 

 

 

 

 

 

 

  

 
 

 

Fig. 5 (A) Dependence between I versus t3/2  plot for preliminary transient portion of dull zinc-cobalt alloy 
electrodeposit [From Fig. 3(A)] and (B) Dependence between I versus t1/2

 plot for preliminary transient 
portion of bright zinc-cobalt alloy electrodeposit [From Fig. 3(B)] 

 

 

 

 

 

 

 

 

 

 

 

 



Journal for Electrochemistry and Plating Technology 9

July 2021  Eugen G. Leuze Verlag  |  www.jept.de

3.3 Impedance and polarization studies

Electrochemical impedance spectroscopy and 
Tafel polarization technique was used for deter-
mining the corrosion resistance and hence, the 
protection ability of dull and bright zinc-cobalt 
alloy coating.

Figure 6 (A) shows Nyquist impedance plot of 
zinc-cobalt alloy deposits in absence and pres-
ence of TG. Charge transfer resistance value of 
dull and bright deposit was found to be 170 Ωcm2 
and 1359 Ωcm2 respectively. This result reveals 
that bright zinc-cobalt alloy coating enhances 
corrosion resistance ability thereby diminishing 
the corrosion rate of steel. The simulation pro-
gram was used to build the proposed equivalent 
circuit and fit it to the experimental data (Inset 
Fig. 6 (A)). This was done to explain the corrosion 
behavior of zinc-cobalt alloy coatings [18, 19].

Figure 6 (B) shows the Tafel curves where the Icorr 
value is found to be 1.136 mA/cm2 for dull deposit 

and 0.0254 mA/cm2 for bright deposit. There is 
decrease in Icorr value. Ecorr value of dull and bright 
deposit is -0.9997 V and -0.9499 V respectively. 
The Ecorr value shifts in more noble direction, indi-
cating an increase in corrosion resistance. This 
result infers that the bright zinc-cobalt alloy elec-
trodeposit is successful in acting a good coating 
for protection of mild steel [18–23].

3.4 Operating window of plating bath

Throwing power and current efficiency are impor-
tant factors in determining the efficiency of the 
plating bath. Optimized zinc-cobalt bath solution 
was taken in a specially designed methacrylate 
container called Haring Blum cell to measure its 
current efficiency and throwing power.

Experimental results obtained are depicted in 
Table 3 and Figure 7. Experimental data shows 
4 A/dm2 as the optimized current density for the 
zinc-cobalt plating bath. It also confirms that cur-
rent density (current per unit area) is an impor-

Fig. 6: (A) Nyquist impedance plot, (B) Tafel polarization curves of (a) dull (b) bright Zn-Co alloy coating obtained in 3.5 weight % 
sodium chloride solution
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tant parameter in determining the current 
efficiency and throwing power of plating bath, 
which in turn determines the quality of plating 
bath.

3.5 Adhesion and porosity 
measurements

Adhesion was detected using ‘Bend test’. 
Coated steel plates were bent to 180o. Even 
after 180o bending, no crack or peel off in coat-
ing was noticed. This showed improvement in 
adherence of zinc-co-
balt alloy coating.

Porosity measure-
ment was done using 
Ferroxyl test. Number 
of blue spots per 
unit area of dull and 
bright deposit was 
counted. In case of 
bright deposit the 
blue spots were com-
paratively less which 
indicated that it was 
comparatively less 
porous or in other 
words more compact.

Fig. 8: Scanning electron microscopic images of zinc-cobalt alloy deposit in (A) dull and (B) bright zinc-cobalt alloy coating

 

  
       

Fig. 8 Scanning electron microscopic images of (A) dull and (B) bright zinc-cobalt alloy deposit  
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Fig. 7: Comparison of throwing power and current efficiency of optimized zinc-cobalt bath 
solution at different current densities

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7: Comparison of Throwing power and Current efficiency of optimized zinc-cobalt plating 
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Tab. 3: Throwing power and current efficiency at 
dissimilar current densities 

Current density 
(Adm-2)

Current 
efficiency 

(%)

Throwing 
power 

(%)

1 20 65

2 21 68

3 24 70

4 30 76

5 25 70

6 20 20
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3.6 Analysis of surface 
morphology by scanning electron 
microscopy and reflectance 
spectroscopy

Scanning electron microscopic images 
(Fig. 8 (A)) depict irregular and coarse-
grained zinc-cobalt alloy deposit, in 
absence of TG. When TG is added in 
plating bath it enhances the formation 
of new nuclei during electrodeposition 
progression, simultaneously decreas-
ing enlargement of zinc-cobalt alloy 
nuclei, resulting in the formation of 
refined deposit of zinc-cobalt crystal-
lites (Fig. 8 (B)). This results in the for-
mation of smooth and bright coating 
[18, 19, 22].

Figure 9 depicts the reflectance and 
degree of reflection in dull and bright 
zinc-cobalt coating. It is clearly visible 
from the reflectance spectra that the 
inclusion of TG into the plating bath 
results in enhancement of reflection. Only 
4–5 % of difference in reflectance was 
noticed at different points on the surface 
of zinc-cobalt alloy coatings [11]. These 
results confirmed that TG can be used as a 
superior brightening agent for zinc-cobalt 
alloy coatings [11, 24].

3.7 X-Ray diffraction study

This method of analysis was utilized to 
know various parameters such as phases 
present in the zinc-cobalt alloy coatings, 
size of crystallites and the preferred orien-
tation of crystallites in dull and bright zinc-cobalt 
alloy coating. In brief, we can say that the influ-
ence of TG on structure of the zinc-cobalt alloy 
deposit was investigated.

Figure 10 shows the XRD spectra for dull and 
bright zinc-cobalt alloy coating. X-Ray diffraction 
spectra show the presence of η- and γ-phase of 
zinc (Fig. 10). In the XRD spectra, few peaks con-

Fig. 10: X-Ray diffraction pattern of zinc-cobalt alloy electrodeposi-
tion observed in (a) dull and (b) bright zinc-cobalt alloy deposit

 
 
Fig. 10 X-Ray diffraction pattern of (a) dull and (b) bright zinc-cobalt alloy deposit 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11 Preferred orientation of zinc-cobalt alloy crystallites in dull and bright coating 
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Fig. 8 Scanning electron microscopic images of (A) dull and (B) bright zinc-cobalt alloy deposit  
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firm the presence of η-phase of pure zinc metal 
while some of them confirm the presence of 
γ-phase of zinc-cobalt alloy [25]. Also, it does 
not show peaks of any other elements indicating 
that there are no impurities in the deposit. Phase 
modification could be reflected by dissimilar 
appearance of the dull and bright coating in the 
SEM images.

Diffraction pattern also shows the broadening 
of X-ray diffraction peaks in bright zinc-cobalt 
alloy deposit. Broadening of XRD peaks usually 
correspond to reduction in the size of zinc-co-
balt alloy crystallites in deposit which is also sup-
ported by SEM result, which confirmed the fine-
grained nature of bright zinc-cobalt alloy deposit.

Figure 10 (a) and the texture coefficient calcu-
lations (Fig. 11), indicate (602) and (402) as the 
preferred orientations for zinc-cobalt alloy crys-
tallites in the dull deposit. XRD spectrum of bright 
zinc-cobalt coating was different and is shown in 
Figure 10 (b).

Figure 10 (b) and the texture coefficient calcula-
tions (Fig. 11), indicate (602) as the preferred ori-
entations for zinc-cobalt alloy crystallites in bright 
deposit. Orientation in 
preferred direction arises 
because different faces of 
the crystal show different 
growth rates, which is due 
to adsorption of TG on 
cathode surface [26, 27]. To 
summarize, surface modifi-
cations like preferred ori-
entation along (602) plane 
and refinement in grain 
structure of the zinc-co-
balt alloy crystallites may 
be responsible for bright 
appearance of the coating.

4 Conclusions

1. The newly synthesized brightener (TG) in 
optimized zinc-cobalt bath produces 80 % 
reflectance resulting in a bright electrode-
posit in the range of current density 3 A/dm2 
to 6.5 A/dm2

2. Cyclicvoltammetric studies revealed multi-
ple anodic peaks due to presence of η- and 
γ-phases of zinc-cobalt alloy in the deposits. 
This is also supported by X-Ray Diffraction 
spectra.

3. Chronoamperometry helped to categorize 
the three dimensional nucleation mech-
anisms in dull and bright zinc-cobalt alloy 
coating. It confirmed that in bright deposit, 
three-dimensional nucleation mechanism 
occurs by instantaneous mode.

4. Corrosion studies confirm increase in cor-
rosion resistance of bright deposit, which 
is closely associated with decrease in 
grain size of zinc-cobalt alloy crystallites in 
deposit, supported by SEM and XRD inves-
tigations.

Fig. 11: Preferred orientation of dull and bright zinc-cobalt alloy deposit
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5. Surface morphological studies were done 
by scanning electron microscopy and reflec-
tance spectroscopy. SEM analysis of the 
coating showed formation of small clusters 
in bright deposit, promoting the formation 
of smooth and compact coatings. Reflec-
tance spectra revealed increase in percent-
age reflectance of bright Zn-Co alloy coating.

6. XRD spectra revealed broadening of the 
peaks in bright deposit indicating grain 
refinement. Presence of gamma phase of 
zinc-cobalt alloy in the coating attributed to 
increased corrosion resistance.

The proposed studies indicate that TG can be con-
veniently used as an efficient brightener and cor-
rosion resistance enhancer, for zinc-cobalt alloy 
coatings on mild steel components, in various 
electroplating industries.
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