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 The immense corrosion rate of NiCo alloy coatings is the main problem to use 
it as constructive material. A study was carried out to synthesize Zn rich Ni-
Co-Zn alloy coatings prepared on mild steel substrate with and without 
addition of Pyridine in deposition medium to test the effect of pyridine 
addition on corrosion of deposited alloy coatings. Galvanostatic 
electrodeposition technique was used to deposit alloy coatings on to the mild 
steel substrate at a fix current density of 4 mA/cm2. All 4 coatings prepared 
from 4 different deposition baths showed excellent surface coverage on Mild 
steel substrate. The alloy coatings were characterized by SEM, EDAX and XRD. 
The SEM analysis revealed the presence of cauliflower shaped agglomerated 
particles which are asymmetrically distributed throughout the surface. The 
XRD analysis confirmed the formation of alloy which is crystalline in nature 
and having  Zn-Ni as predominant phase along with the Zn, ZnO and Co3O4 
Crystalline phase in all the coatings. The strain of the coatings was calculated 
using Williamson-Hall Plot. The anticorrosive performance of Ni-Co-Zn alloy 
coatings prepared in absence and presence of pyridine from different 
deposition baths were compared by potentiodynamic polarization 
measurement using tafel plot. The pyridine acts as moderate corrosion 
inhibitor and enhanced the corrosion resistance of the coatings. The 
comparative analysis of coatings obtained from DB1 and DB3 showed the 
percentage inhibitor efficacy of 36.91% in 0.01 M HCl medium and 36.94% in 
0.01 M H2SO4 medium. The inhibitor efficacy of coating obtained from DB4 
when compared with the coating obtained from DB2, it is higher in HCl 
medium (66.48%) as compared to H2SO4 medium (40.42%). 
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G R A P H I C A L A B S T R A C T 

 

 

Introduction  

Anticorrosion transition metal alloys [1-3] are 

gaining remarkable interest of scientific 

community due to its significant applications in 

aviation industry, automobile industries [4], 

chemical process industry, marine industry, etc. 

Many researchers deliberated the corrosion 

performance of Ni-Co alloys [5,6] and Zn-Ni 

alloys [7-9] and found them suitable for 

anticorrosive purpose. Alloys with much lower 

corrosion rate are predicted to be appropriate 

for practical application. To fabricate 

anticorrosive alloys a large number of techniques 

are implemented, including chemical bath 

deposition [10,11], pulsed laser deposition 

[12,13], powder metallurgy [14,15], 

hydrothermal synthesis [16], etc. All these 

techniques are time consuming and expensive 

due to special reagent requirements, 

manufacturing conditions, and specific 

instrument requirements whereas the 

electrochemical deposition [17-20] is considered 

as cost effective and prominent technique for the 

alloy synthesis by which we can construct alloys 

of desired composition with controlled 

microstructure. The concept of corrosion 

inhibitors [21-24] is attaining very much interest 

of contemporary scientific community for 

superior the corrosion defense of metals, alloys 

and their coatings. A corrosion inhibitor is a 

matter when introduce in a minute concentration 

to an environment lessen the corrosion rate of a 

metal or alloy exposed to that environment. It 

can be use either internal addition into the 

plating bath as additive [25-28] or by addition in 

exposing environment [29-31].  Organic 

compounds containing nitrogen, oxygen and 

sulphur reduces the corrosion rate [32]. 

Inhibitors act by selectively precipitating on 

cathodic or anodic or mixed areas to limit the 

diffusion of reducing species to the surface [33]. 

Mild steel is one of the most important 

engineered materials used in steel frame 

buildings, structural fabrication, machinery 

parts, pipelines, etc. However, the main problem 

with mild steel or low carbon steel is corrosion 

by surrounding environmental conditions so it is 

an important task to prevent mild steel from 

corrosion to enhance its usage period. Various 
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studies have been conducted to study the 

anomalous codeposition behavior of NiCo alloy 

and found them good against corrosion 

protection of mild steel [34,35]. The 

anticorrosion behavior of NiZn and NiCo alloy 

was studied by Nady et al. [36] and reported the 

addition of organic substances like the gluconate 

salt and cysteine in the surface morphology and 

anticorrosion properties of the deposits. 

Therefore, it would be interesting to combine 

the properties of Zn–Ni and Zn–Co alloys in one 

alloy which could be accomplished by the 

galvanostatic electrodeposition technique to see 

the effect of additive in corrosion inhibition of 

the deposited alloy coatings. The present work 

incorporated the synthesis of ternary Ni-Co-Zn 

alloy coating on mild steel substrate using 

galvanostatic electrochemical deposition 

technique from different deposition baths and 

the effect of pyridine as additive in deposition 

bath on corrosion resistance of deposited alloy 

coating. The properties of electrodeposited 

ternary Ni-Co-Zn alloy coatings were examined 

by different methods like SEM-EDAX and XRD 

and the Corrosion behavior of Ni-Co-Zn alloy 

coatings were observed by Tafel extrapolation 

method in two different acidic corrosive 

mediums i.e. 0.01 M HCl and 0.01 M H2SO4. 

Materials and Methods 

Cobalt sulphate heptahydrate (CoSO4.7H2-

O)Nickel Sulphate hexahydrate (NiSO4.6H2O), 

Zinc Sulphate monohydrate (ZnSO4.H2O), Sodium 

Sulphate (Na2SO4), boric acid (H3BO3), Trisodium 

citrate dehydrate (Na3C6H5O7),  and pyridine 

(C5H5N) were supplied by Loba Chemia Pvt. Ltd. 

All chemical products were analytical and used 

directly. 

Sample preparation 

The Ni-Co-Zn alloy coatings were synthesized 

by galvanostatic electrochemical deposition in 

the different deposition baths of mixed solution 

containing metal sources and additives, as 

mentioned in Table 1, in conventional three 

electrode cell. In a three electrode 

electrochemical cell set up the mild steel sheets 

sealed with epoxy resin and by tapping with an 

exposure area 10 x 10 mm was used as working 

electrode.  The saturated calomel electrode (SCE) 

was used as reference electrode and Mild Steel 

Plate is used as Counter electrode. Figure 1 (a) 

shows the diagrammatic representation of 

electrochemical deposition setup. Before 

electrochemical deposition, the mild steel sheets 

were polished with emery paper and cleaned in 

acetone and distilled water, respectively. 

 
Figure 1 (a). Schematic diagram of ectrochemical setup for deposition of alloy coatings. 
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Figure 1 (b). Galvanostatic linear electrodeposition setup.

The deposition of alloy was carried out in 

conventional three-electrode cell which consists 

of calomel electrode as reference electrode.  All 

potentials were referred to saturated calomel 

electrode. During the deposition process the high 

precision digital multimeters has been used for 

the measurement of current as well as potential 

and transistor based power supply was used for 

data acquisition. The diagrammatic 

representation of the deposition cell setup and 

the real image of electrodeposition set up are 

given in Figure 1(a) and 1(b). The film thickness 

was estimated using relationship: 

F.T.= (I*t* eq.wt.) / (F*D*A)                                  (1) 

Where,  

F.T .= film thickness (cm) 

Eq.wt.= equivalent weight of deposited alloy 

I= current density (A/cm2) 

t = time (second) 

F= faraday ‘s constant  

D= density of alloy (gm/cm3) 

A= area of substrate (cm2) 

The minimum range of current density to be 

judged for the co-deposition of the metals has 

been decided by the current vs. potential graph, 

as shown in Figure 2. 

After galvanostatic electrochemical deposition 

the Ni-Co-Zn alloy deposits were rinsed and air 

dried for investigation. For the testing of pyridine 

as corrosion inhibitor, C5H5N (40 ppm) was 

added into deposition bath containing mixed 

solution of metal sources and other additives 

under optimum deposition conditions. The 

different compositions of deposition baths and 

optimum deposition parameters are presented in 

Table 1. The galvanostatic electrochemical 

depositions were carried out for various 

deposition baths and after electrochemical 

deposition the Ni-Co-Zn deposits were rinsed 

and air dried for further investigation. 

 

Figure 2. Current-potential curve for co-deposition 

of Ni-Co-Zn alloy coating. 
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Table 1. Deposition bath (DB) concentrations for the deposition of Ni-Co-Zn alloy coatings on MS substrate 

Material  DB 1 DB 2 DB 3 DB 4 

NiSO4.6H2O(mol/L) 0.1 0.1 0.1 0.1 

CoSO4.7H2O(mol/L) 0.2 0.2 0.2 0.2 

ZnSO4.H2O(mol/L) 0.2 0.3 0.2 0.3 

Na2SO4 (mol/L) 0.2 0.2 0.2 0.2 

H3BO3(mol/L) 0.2 0.2 0.2 0.2 

Na3C6H5O7 (mol/L) 0.1 0.1 0.1 0.1 

C5H5N (ppm) - - 40 40 

 

Characterization 

The surface morphologies of electrochemically 

deposited Ni-Co-Zn and Ni-Co-Zn_Py alloy 

coatings were examined by scanning electron 

microscopy using F Model: JEOL JSM5600 

Scanning electron microscope with attached EDS 

model: INCA for detection of surface elemental 

composition. X-ray diffraction analysis of 

deposited alloy coatings was carried out by 

Bruker D8 Advance X-ray diffractometer. The X-

rays of wavelength 1.54 Å (Cu K-alpha) were 

produced using a sealed tube and the X-rays 

were detected by Bruker LynxEye detector which 

is a fast counting detector based on Silicon strip 

technology. The crystallite size of the alloy 

particles is evaluated using the Scherrer’s 

formula [37].  

D= k  λ / βcosθ                                                       (1) 

Where, k is known as Scherrer’s constant which 

is 0.94, λ is the wavelength, and β is the full width 

at half maximum (FWHM) of high intensity 

diffraction peak in radians and θ is the angle of 

diffraction. 

Broadening of the observed peak from the 

diffraction pattern was due to the defects. The 

strain induced broadening of peaks in XRD 

pattern is due to the imperfections and 

distortions which is described by Equation (2). 

βo 4 tanθ                                                          (2) 

 Crystallite size and strain are two independent 

factors which hypothetically responsible for line 

broadening. the size and strain have Cauchy like 

profile,  so the total peak broadening is basically 

the addition of Equations  (1) and (2)  and the 

resultant equation is known as Williamson-Hall 

(W–H) equation represented by  both Equations 

(3) and (4) [38,39]: 

β0= (k λ / β cos θ) + 4 ε tan θ                               (3)    

or  

β0  cos θ = (k λ / D) +  4 ε sin θ                            (4) 

The anticorrosion competency of deposited Ni-

Co-Zn coatings were characterized by 

electrochemical measurements performed in two 

different acid mediums i.e. 0.01 M HCl and 0.01 M 

H2SO4 using the three electrode cell manual set 

up as mentioned above at ambient temperature. 

The potentiodynamic polarization curve was 

recorded for both the anodic and cathodic 

polarization vs SCE. 

The corrosion potential (Ecorr) and corrosion 

current density (Icorr) were obtained using tafel 

extrapolation method and the corrosion rate is 

determined using the forumula given in Equation 

(5). 

C.R.= (K.EW.icorr) / (d.A)                                       (5) 

Where, 

C.R. = corrosion rate,  

k= constant dependent on unit of Corrosion 

rate,  

EW= equivalent weight of deposited alloy,  

icorr = Corrosion current density, d= density of 

deposited alloy and 

A= area of substrate [40,41]. 

Results and Discussion 

Ni-Co-Zn and Ni-Co-ZnPy alloy coatings prepared 

by electrochemical deposition  
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The suitable deposition current density was 

found to be 4 mA/cm2 at which a visually even 

deposition layer was obtained for Ni-Co-Zn alloy 

(Figure 2). A variety of Zinc rich Ni-Co-Zn alloy 

coatings were prepared by electrodeposition at a 

current density of 4 mA/cm2 in the different 

deposition baths for 20 minutes; which were 

apparent smooth, compact and thoroughly 

covered MS substrate. The coating obtained from 

deposition bath DB4 is the best adhere and even 

among all the coatings obtained from various 

deposition baths. No residues were spotted in 

any deposition bath after the deposition of alloy 

coatings.  Addition of boric acid was beneficial to 

obtained zinc rich alloy thin films [42]. Boric acid 

formed complex with nickel and could absorbed 

on the surface of Zinc hydroxide and facilitate the 

development of Zinc rich alloy thin film [43,44]. 

The estimated film thickness is 0.235 

micrometer.  

The alloy coatings obtained from different 

deposition baths are abbreviated as follow: 

Table 2. Alloy coatings deposited from various 

Deposition baths 

Deposition Bath Alloy coating 

DB1 Ni-Co-Zn0.20 

DB2 Ni-Co-Zn0.30 

DB3 Ni-Co-Zn0.20Py 

DB4 Ni-Co-Zn0.30Py 

To know the surface morphology and the 

growth of alloy’s crystalline particles the 

electrodeposited Ni-Co-Zn alloys at a constant 

current density of 4 mA/cm2 from different baths 

have been studied and given in Figure 3. 

   

 .  

Figure 3. SEM images (a) Ni-Co-Zn0.20 (b) Ni-Co-Zn0.30, (c) Ni-Co-Zn0.20Py, and (d) Ni-Co-Zn0.30Py alloy coatings 

deposited on MS substrate.
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It shows complete coverage of Mild Steel 

substrate by non-homogenously distributed 

NiCoZn alloy coating of asymmetrically ordered 

crystalline particles. Cauliflower shaped 

agglomerated particles are seen in all the 

samples of NiCoZn alloy coatings. There is no 

significant effect of increased concentration of 

zinc or addition of pyridine is seen on the shape 

of the crystalline particles only they appear 

denser and the particle size increased with 

increasing concentration of zinc and addition of 

pyridine. Figure 4 illustrates energy dispersive X-

ray analysis of NiCoZn alloy coatings and 

confirms the percentage elemental composition 

of deposited alloy coatings. Less than 5% of 

Nickel and Cobalt is present while more than 

50% Zinc is incorporated and remaining is 

oxygen content in the alloy coatings. 

Table 3 contains the elemental composition of 

various deposited alloy coatings. Figure 5 shows 

the XRD pattern of Ni-Co-Zn coatings deposited 

at 4 mA/cm2 on mild steel substrate. In XRD 

analysis, γ Zn-Ni phase is present predominantly 

in all the samples having maximum intensity of 

(330) plane around 44.60 (102) and (600) planes 

are also detected in Ni-Co-ZnO alloy samples.  

 

  
 

  

Figure 4. EDAX images (a) Ni-Co-Zn0.20 (b) Ni-Co-Zn0.30 (c) Ni-Co-Zn0.20Py (d) Ni-Co-Zn0.30Py alloy coatings 

deposited on MS substrate. 

Table 3. Elemental composition of alloy coatings obtained by EDAX analysis 

S. No. Thin film sample 

Percentage Nickel 

(Ni) 

content 

Percentage Cobalt 

(Co) 

content 

Percentage Zinc 

(Zn) content 

1 Ni-Co-Zn0.20 1.26 3.33 51.68 

2 Ni-Co-Zn0.30 0.41 0.48 64.94 

3 Ni-Co-Zn0.20Py 3.09 2.67 45.61 

4 Ni-Co-Zn0.30Py 0.45 3.17 48.55 
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Peaks of η Zn were further seen in the tested 

samples which are confirmed by comparing it 

with International Centre for Diffraction 

Database (JCPDS file# 00-004-0031 and PDF# 

03-065 respectively). For Ni-Co-Zn0.30 alloy 

coating the most intense peak is obtained for η 

Zn phase for (100) plane at 38.35o, this is due to 

greater increment of concentration of Zinc in the 

coating as compared to the Ni content [45]. 

Additional ZnO crystalline phase (PDF# 80-0075) 

for (100) and (103) plane is present around 

31.84o and 61.23o due to the higher percentage 

content of zinc in the Ni-Co-Zn0.30 alloy coating 

[46]. The peaks corresponding to pure cobalt or 

Nickel were not viewed in the XRD patterns; it is 

a sign of the co-existence of the metals on 

different planes of crystalline phase which 

indicate the formation of homogeneous solid 

solution of stable structured NiCoZn alloy [47]. 

Figure 6 (a)-(d) have Williamson-Hall analysis of 

Ni-Co-Zn alloy coatings to justify the peak 

broadening and to find out the strain of the film 

coatings. The peak broadening indicated the 

reduction of crystallite size of the Zn-Ni-Co alloy 

coatings [46]. The highest 97.64 nm crystallite 

size was calculated for Ni-Co-Zn0.30Py by 

Williamson-Hall analysis. Higher zinc 

concentration is responsible for greater strain of 

the Ni-Co-Zn alloy thin film and the addition of 

organic inhibitor also generate higher strained 

alloy coatings than the Ni-Co-Zn synthesized in 

absence of organic inhibitor Pyridine. Table 4 

contains the Scherrer’s method and Williamson-

Hall plot data of Ni-Co-Zn alloy coatings. 

Corrosion analysis of deposited Ni-Co-Zn alloy 

coatings 

To estimate the corrosion protection of 

electrodeposited Ni-Co-Zn coating in presence of 

pyridine the potentiodynamic polarization 

curves were obtained in 0.01 M HCl solution 

medium and 0.01 M H2SO4 solution, applied as 

corrosive   medium   and   obtained   results  were  

 
Figure 5. XRD of Ni-Co-Zn alloy coatings. 

Table 4. Scherrer’s method and Williamson-Hall analysis data of Ni-Co-Zn alloy coatings 

Ni Co Zn 

Alloy coatings 

Scherrer’s Method Williamson Hall Analysis 

Crystallite Size D (nm)  x 10-3 D (nm)  x 10-3 

Ni-Co-Zn0.20 29.08 1.18 35.55 1.33 

Ni-Co-Zn0.30 44.20 0.51 88.88 1.66 

Ni-Co-Zn0.20Py 30.09 1.10 97.64 2.56 

Ni-Co-Zn0.30Py 25.35 1.56 27.29 5.36 
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shown in Figure 7 (a) and (b). The 

electrochemical parameters i.e. corrosion 

potential (Ecorr) and Corrosion Current density 

(Icorr) were derived from potentiodynamic 

polarization curves using Tafel extrapolation 

method and corrosion rate (C.R.) as well as 

percentage inhibiter efficiency (I.E.) were 

calculated using the derived data from 

potentiodynamic polarization curves and 

summarized in Tables 5 and 6. 

The % inhibitor efficacy has been calculated 

using the following equation: 

Inhibitor efficacy (%)= 100 . {(C.R. uninhibited - C.R. 

inhibited)/ C.R. uninhibited}                                             (6) 

It is observed that the corrosion rate obtained in 

Ni-Co-Zn0.30 and Ni-Co-Zn0.30Py alloy coatings 

obtained from deposition baths DB2 and DB4 is 

lower than the coatings obtained from DB1 and 

DB3. The inhibition efficacy of pyridine is better 

in HCl medium as compared to H2SO4 medium.  

Pyridine is a good corrosion inhibitor for Ni-Co-

Zn alloy thin films in HCl medium. The minimum 

of 0.0827 mmyr-1 corrosion rate in HCl medium 

is obtained for NiCoZn0.30 alloy synthesized in 

presence of pyridine. 66.48% I.E. is shown by 

NiCoZn0.30 alloy coating in HCl medium, as 

observed in Figure 7 which shows the 

comparison of I.E. of pyridine in different 

mediums for different alloy coatings. Pyridine 

worked as moderate corrosion inhibitor for Ni-

Co-Zn alloy coating in H2SO4 medium. In H2SO4 

corrosive medium, the maximum of 40.42% 

inhibitor efficiency has been found for NiCoZn0.30 

alloy coating. It has been observed that the 

corrosion rate decreases with increase in Zinc 

percentage in deposited alloy. 
 

  

 
Figure 6. Williamson-Hall plots for NiCoZn alloy thin films (a-d). 
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Figure 7. Tafel polarization curves for Ni-Co-Zn alloy coatings (a) in 0.01 M hydrochloric acid corrosive medium 

(b) in 0.01 M sulphuric acid corrosive medium. 

Table 5. Corrosion data of Ni-Co-Zn coatings in 0.01 M HCl corrosive medium 

Ni-Co-Zn 

alloy 

coating 

Alloy coating synthesize in 

absence of pyridine Ni-Co-Zn 

alloy 

coating 

Alloy coating synthesize in 

presence of pyridine 
Inhibitor 

efficiency (%) Ecorr 

(V) 

Icorr 

(A/cm2) 

Corrosion 

rate 

(mm/yr) 

Ecorr 

(V) 

Icorr 

(A/cm2) 

Corrosion 

rate 

(mm/yr) 

Ni-Co-

Zn0.20 
-0.208 

1.59X 10-

05 
0.2327 

Ni-Co-

Zn0.20Py 
-0.200 

1.00X 10-

05 
0.1557 36.91 

Ni-Co-

Zn0.30 
-0.200 

1.58X 10-

05 
0.2326 

Ni-C o-

Zn0.30Py 
-0.136 

5.31X 10-

06 
0.0827 66.48 

 
Table 6. Corrosion data of Ni-Co-Zn alloy coatings in 0.01 M H2SO4 corrosive medium 

Ni-Co-Zn 

alloy 

coating 

Alloy coating synthesize in 

absence of Pyridine Ni-Co-Zn 

alloy 

coating 

Alloy coating synthesize in 

presence of pyridine 
Inhibitor 

efficiency (%) Ecorr 

(V) 

Icorr 

(A/cm2) 

Corrosion 

rate  

(mm/yr) 

Ecorr 

(V) 

Icorr 

(A/cm2) 

Corrosion rate 

(mm/yr) 

Ni-Co-

Zn0.20 
-0.105 

4.22 X 10-

05 
0.6196 

Ni-Co-

Zn0.20Py 
-0.200 

2.66 X 

10-05 
0.4144 36.94 

Ni-Co-

Zn0.30 
- 0.073 

2.11 X 10-

05 
0.3103 

Ni-Co-

Zn0.30Py 
-0.160 

1.26X 10-

05 
0.1960 40.42 
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Pyridine is a good corrosion inhibitor for Ni-Co-

Zn alloy thin films in HCl medium. The minimum 

of 0.0827 mmyr-1 corrosion rate in HCl medium 

is obtained for NiCoZn0.30 alloy synthesized in 

presence of pyridine. 66.48% I.E. is shown by 

NiCoZn0.30 alloy coating in HCl medium, as 

observed in Figure 7 which shows the 

comparison of I.E. of pyridine in different 

mediums for different alloy coatings. Pyridine 

worked as moderate corrosion inhibitor for Ni-

Co-Zn alloy coating in H2SO4 medium. In H2SO4 

corrosive medium, the maximum of 40.42% 

inhibitor efficiency has been found for NiCoZn0.30 

alloy coating. It has been observed that the 

corrosion rate decreases with increase in Zinc 

percentage in deposited alloy. Figure 8 shows the 

comparison of inhibitor efficiency (%IE) 

mentioned in Tables 3 and 4.  The % IE of 

pyridine is better in zinc rich Ni-Co-Zn0.30Py alloy 

coating in both corrosive mediums, as compared 

to Ni-Co-Zn0.30 alloy coating which clearly states 

the greater anticorrosive behavior of the Ni-Co-

Zn0.30Py alloy coating as compared to other 

deposited coatings. 

 

Figure 8. Inhibitor efficiency of Pyridine for NiCoZn 

alloy coatings in different mediums. 

Conclusion 

Galvanostatic electrodeposition and corrosion 

studies of different NiCoZn alloy thin coatings on 

mild steel substrate are presented. The NiCoZn 

thin coatings with different percentage 

composition were deposited using different 

sulphate-citrate baths in presence and absence of 

Pyridine on 4 mA/cm2 for 20 minutes. The 

addition of pyridi ne strengthened the 

anticorrosion property of NiCoZn alloy thin 

coatings.  All the deposited coatings are visually 

intact and evenly coated the mild steel substrate. 

Scanning electron microscopy confirmed the 

nonhomogenously coated MS substrate with 

NiCoZn coatings having agglomerated 

cauliflower like particles and EDAX analysis 

illustrated the zinc rich NiCoZn coatings on MS 

Substrate.  Structural analysis of NiCoZn alloy 

coatings on MS substrate by XRD method 

corroborated the inter diffusion of Nickel , Cobalt 

and zinc phases and confirmed the presence of 

some phases i.e. Epsilon Co, FCC Ni(Co), η Zn, γ 

Zn-Ni, and Co3O4. The average crystallite size for 

all deposited thin coatings did not excided than 

100 nm and the strain obtained by size-strain 

plot method in all the thin coatings is less than 5. 

The higher amount of Zinc and incorporation of 

pyridine leaded the more strained alloy thin 

coatings. The electrochemical tafel polarization 

measurements demonstrated the excellent 

corrosion resistance of Pyridine reinforced 

NiCoZn alloy thin coatings as compared to simple 

NiCoZn alloy thin coatings on Mild steel substrate 

in 0.01 M acidic mediums. Incorporation of 

heteroatom of pyridine with NiCoZn thin coating 

may endow barrier between corrosive medium 

and coating to provide better corrosion 

protection to substrate containing thin coating. 

To know the mechanism of corrosion protection 

by additive pyridine further investigation should 

be conducted. 
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