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In this study, the effect of crystallite size reduction and 

microstructure on the electrochemical corrosion behavior of 

nanocrystalline nickel (NC Ni) was investigated using Tafel 

polarization and electrochemical impedance spectroscopy (EIS) 

measurements in 10 wt.% NaOH. NC Ni coatings were produced by 

direct current electrodeposition using chloride baths in the presence 

and absence of saccharin as a grain refining agent. The crystallite 

size of NC surface coatings was calculated and analyzed by X-ray 

diffractometry (XRD). Field emission scanning electron microscopy 

(FE-SEM) and atomic force microscopy (AFM) were used to study 

coatings microstructure. The chemical composition of NC surfaces 

was determined using X-ray energy dispersive spectroscopy (EDS). 

Our results showed that saccharin decreased the crystallite size but 

increased the grain size. In addition, corrosion resistance of NC Ni 

in the presence of saccharin increased, which is ascribed to the 

formation of a more stable and protective film. The behavior of 

passive film growth and corrosion was also discussed. 
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1-Introduction 

NC-materials have been the subject of intensive 

research in recent years because of their unique 

properties and applications in science and 

technology [1–3]. They are characterized by 

crystallites with a grain size less than 100 nm 

and high volume fraction of the grain boundary, 

which may comprise as much as 50% of total 

crystal volume [4]. Contrary to earlier 

expectations that the increased density of grain 

boundary and triple junction defects in 

nanostructures would have a detrimental effect 

on the overall corrosion performance on NC 

metals, extensive research over the last 15 years 

has shown otherwise. Grain size reduction in 

NC Ni [5–8], Co [9,10], Zn [11], Ni-P alloys 

[12–15] , Co-Ni, Fe alloys [16] or Ni-SiC 
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composites [17] has been shown to 

considerably  improve the corrosion 

performance for a wide range of 

electrochemical conditions. These studies have 

demonstrated that it is mainly due to the 

elimination of localized attack at grain 

boundaries, which, for conventional 

polycrystalline materials, is one of the most 

detrimental degradation mechanisms. 

Electrodeposition has received considerable 

attention in recent years as a feasible and 

economically viable technique for producing 

NC coatings [18–21]. This process is a powerful 

method for fabrication of many highly precise 

products and synthesizing metallic 

nanomaterials with controlled shape and size 

[22]. Nickel is an essential engineering material 
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and electrodeposited Ni has been widely used in 

many fields to improve surface finishing, 

corrosion resistance and wear properties [23]. 

The NC Ni was produced by electrodeposition 

without the addition of any grain refining agent 

to the bath [5]. Additives have more of an 

influence on deposits properties than any other 

plating variables. When used at controlled, 

limited concentration, organic additive like 

saccharin refine the grain structure, provide 

desired tensile and ductility properties, impart 

leveling characteristic to the plating solution, 

and act as brighteners [24]. Comparisons of 

electrochemical corrosion of NC Ni with 

conventional coarse-grained Ni were studied, 

by several investigators. Rofagha et al. [5] have 

reported that 32 nm-grained Ni exhibited a 

higher passive current density in de-aerated 1 M 

H2SO4 compared with coarse-grained (100µm) 

polycrystalline Ni. Mishra et al. [25] have also 

investigated the electrochemical and corrosion 

behavior of NC Ni of different grain sizes (8-28 

nm ) in 1 M H2SO4. They reported that the 

passive current densities for NC Ni were higher 

than that for bulk Ni because of a defective 

nature of passive films on NC Ni, while the 

breakdown potential for NC Ni was higher than 

that for coarse-grained polycrystalline Ni. 

However, they reported that the corrosion rate 

of freshly exposed NC Ni was lower to compare 

with the bulk Ni, indicating a higher hindrance 

to anodic dissolution from the Ni surface. The 

higher breakdown potential of the NC Ni 

coatings compared to microcrystalline 

counterparts in 3.5% NaCl solution was 

reported by Raeissi et al. [26]. However, they 

observed that in the case of NC deposits, 

coatings with higher grain size showed higher 

resistance to pitting corrosion. Zhao et al. [27] 

have investigated the corrosion resistance of 

NC Ni with the grain size ranging from 30 to 28 

nm in 3.5% NaCl solution. They did not observe 

the clear dependence of the corrosion resistance 

on the grain size; the higher corrosion resistance 

(Rct = 42 kΩ cm2) showed the 49 nm-grained 

specimen. Wang et al. [28] have investigated 

the effect of grain size reduction on 

electrochemical corrosion behavior of NC Ni in 

alkaline solution (10% NaOH). They reported 

that the corrosion resistance gradually increased 

with the grain size reduction from 3 µm to 16 

nm due to the faster formation of continuous Ni 

hydroxide passive films at surface crystalline 

defects and relatively higher integrity of passive 

film. 

Halide baths, especially chloride, have been 

shown to be suitable for obtaining deposits with 

good protection properties. The presence of 

chloride has two main effects: it assists anode 

corrosion and increase the diffusion coefficient 

of nickel ions thus permitting a higher limiting 

current density. Fine-grained nickel deposits are 

produced from chloride baths. There are a few 

studies about nickel electrodeposition from 

chloride baths and corrosion behavior of nickel 

films which are obtained from chloride baths. 

So, the aim of the present work is to investigate 

the corrosion behavior of NC Ni thin films from 

chloride baths by considering effect of grain 

size and microstructure in alkaline solution. NC 

Ni thin films of different grain sizes were 

produced by direct current electrodeposition 

technique onto copper substrates using a plating 

bath, both with saccharin and without saccharin 

addition. The structure of NC Ni thin films was 

characterized using FESEM, XRD and AFM. 

The chemical composition of NC surfaces was 

determined using EDS. Corrosion resistance 

was studied using polarization and 

electrochemical impedance spectroscopy (EIS).   

      

2- Experimental  
2-1- Specimen preparation and 

electroplating conditions   

NC Ni coatings with different grain sizes were 

deposited on copper plates using nickel chloride 

electrolyte containing 0.1 M nickel chloride 

(NiCl2.6H2O), 0.5 M ammonium chloride 

(NH4Cl), 0.5 M boric acid (H3BO3) [29]. 

Copper is the most commonly substrate for 

studies on nickel plating, primarily due to 

structural compatibility between copper and 

nickel leading to better adhesion of 

electrodeposits. Saccharin (0.2 M) was also 

added to the bath in some of electrodeposition 

experiments for reducing the grain size. 

Electrodeposition experiments were performed 

at room temperature (~ 25 ºC) using a current 

density of 0.03 A/cm2 with direct current. A 

nickel sheet of 99.99% purity with dimensions 

of 70 mm × 30 mm × 3 mm was used as anode 

and pure copper plate with dimensions of 10 

mm × 10 mm × 2 mm as cathode (substrate). 

Total time of deposition was 5 min and the 

thickness of coatings was 1 µm. prior to 

electrodeposition, the copper substrates were 

mechanically polished with silicon carbide  

 

papers of 400, 600, 800, 1200 grits then rinsed 

with distilled water. During the electroplating 
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process, it was found that the pH of the solution 

plays an important role on quality of the 

deposits and the pH range of 3.5 to 4.5 resulted 

in the deposits with bright appearances and free 

of voids and cracks. Hence, the pH of the bath 

was kept 4.0 ± 0.2 [30]. 

 

2-2- Characterization of nanocrystalline 

coatings 

 FE-SEM (MIRA TESCAN III) and AFM, in 

tapping mode (Olympus SiN rectangular 

cantilever, resonance frequency of 71 kHz, 

spring constant of 0.73 N/m),Film investigated 

areas were always of 1×1 µm2 were used to 

study coatings microstructure. The chemical 

composition of NC surfaces was determined 

using EDS. Crystallite size of deposits was 

calculated by the (111) X–ray diffraction (XRD, 

Philips Xˊpert) peak broadening. The 

diffraction patterns were obtained using CuKα (λ 

= 0.15406 nm) radiation over 2θ angle of 10º - 

90º. The full width half maxima (FWHM) of 

diffraction peaks were estimated by pseudo- 

voigt curve fitting. The crystallite size was 

estimated using the Scherrer equation [31]: 

D=0.9λ/βcosθ                                                       (1) 

where D is the average crystallite size, λ is the 

wavelength of the X-ray, θ is the Bragg angle 

for the peak and β is the true profile FWHM. 

The β parameter was calculated using Gaussian-

Cauchy equation. It has been shown that the 

crystallite size measured by the Gaussian-

Cauchy equation is similar to what is obtained 

by TEM observations [26]. The bulk Ni with 

average grain size of 80 µm was used as 

reference sample to determine instrumental 

broadening corrections. The main problem of 

microscopic technique is the resolution of 

single grain because the crystallite are often 

overlapped [32]. In addition, it is accepted that 

a crystallite size is the coherent diffraction 

domain in the film and that the grains are larger 

than crystallites and are formed by several of 

them [33,34]. So XRD was used for the 

crystallite size determination and FESEM for 

the grain size. The composition of electrolytes 

and crystallite sizes summarized in Table 1. 

 

2-3- Electrochemical measurements  

Corrosion properties of NC coatings were 

measured both using potentiodynamic tests and 

EIS analysis. Additionally, potentiodynamic 

analysis and EIS were carried out on a bulk Ni 

sample in order to compare the results with NC 

coatings. The electrochemical measurements 

were performed in a three electrode cell where 

sample was immersed in 10 wt. % NaOH 

solution and connected to 

potentiostat/galvanostat (Princeton Applied 

Research, PAR) as a working electrode. During 

the tests, a graphite electrode and a saturated 

calomel electrode (SCE) were used as counter 

and reference electrode. The polarization 

scanning was started at 0.25VSCE blow 

corrosion potential to an anodic potential of 

1VSCE above corrosion potential. The scanning 

rate of potentiodynamic polarization 

measurements was 1 mV/S. Potentiodynamic 

anodic polarization curves were acquired and 

corrosion potential (ECorr) and corrosion current 

density (iCorr) were determined using the Tafel 

extrapolation method. The corrosion parameters 

were extracted from the polarization curves 

using commercial software CorrView. EIS is a 

unique and non-destructive tool for 

understanding the true nature of 

electrochemical reactions. The steps of 

electrochemical reactions are observed by 

proposing electrical circuits and calculating 

numerical results which are then related with 

the condition of the surface after reaction [35]. 

EIS measurements were conducted by applying 

an alternating sine signal to the samples with an 

amplitude of 10 mV. The frequency range was 

chosen between 100 KHz to 10 mHz. The EIS 

data were modelled using Zview software. Total 

samples which used for electrochemical 

measurements were 18. 

 
Table 1. Composition and crystallite size of the baths [29]. 

 

Bath Concentration, M Crystallite size (nm) 

NiCl2 NH4Cl C7H4NNaO3S H3BO3 

NiCl2 0.1 0.5 - 0.5 28 

NiCl2 + 

Saccharin 

0.1 0.5 0.2 0.5 10 
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3- Result and Discussion 
3-1- Effect of saccharin on microstructure 

The grain size of the bulk Ni sample was 

determined using optical microscopy (OM) as 

seen as in Fig. 1. The mean grain size of the 

surface was approximately 80 µm. Fig. 2 shows 

the XRD patterns of the bulk Ni sample and the 

NC Ni coatings. The diffraction peaks at 44.52º, 

51.97º and 76.51º correspond to nickel 

crystallographic planes of (111), (200) and 

(220). The crystallite sizes of the NC Ni 

coatings varied between 28 and 10 nm. 

Texturing was evident in the electrodeposited 

nickel using saccharin in the bath. The XRD 

patterns indicate that there was a preferential 

growth in the case of NC Ni coatings with 

saccharin as additive and the possible role of 

grain refining agent in causing texturing. 

 

 
Fig. 1. Optical image of bulk Ni sample (annealed state). 

 

It is anticipated that adsorption of saccharin on 

(200) and (220) planes would retard the growth 

of (200) and (220) planes, while facilitating the 

growth of (111) planes. In addition, the  

 

 

broadening of the diffraction peaks is observed, 

which can be attributed to the ultrafine 

crystallite size (28 and 10 nm).  

 

 

Fig. 2. XRD patterns of the samples.
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In Fig. 3, microstructure of the NC Ni coatings 

is shown in FE-SEM micrographs in the 

absence and presence of saccharin in deposition 

bath. A dense nickel layer was obtained. In Fig. 

3a, nickel has a spherical and regular nodular 

“cauliflower-like” structure. However, addition 

of saccharin has resulted in a substantial 

modification of microstructure of the coating as 

revealed in the FE-SEM micrograph (Fig. 3b). 

The micrograph shows spherical and more 

ordered grains in the presence of saccharin 

when compared to the micrograph obtained for 

the case without saccharin additive in the 

deposition bath. As can be seen in Fig. 3b, in the 

presence of saccharin the grain size has 

increased, whereas according to the XRD 

patterns the crystallite size has decreased. The 

effect of saccharin in the electrodeposition bath 

can be explained using the resonance structure 

of saccharin.  

 

 
Fig. 3. FE-SEM images of Microstructure of NC Ni coatings in the absence (a) and presence (b) of saccharin.

 

The negative charge in the saccharide ion 

affects its interaction with the cathode. 

However, delocalization of the electron lone 

pair of the nitrogen atom in the N-C bond makes 

the N atom fractionally positive (δ+) and the O 

atom fractionally negative (δ-) (See Fig. 4). Due 

to this transient ionic character, saccharide ions 

may start competing with Ni+ cations in the rush 

toward cathode. The Ni+ ions are smaller in size 

compared with the saccharides. Therefore, they 

may move faster and deposit at a faster rate. 

Consequently, saccharide ions may be arriving 

at the substrate after a few batches of nickel ions 

have been deposited. Saccharide ions so 

adsorbed on the substrate block the active site 

and prevent the growth in a preferential 

direction (determined by the position of N and 

O atoms) thereby reducing the crystallite size. 

Furthermore, the surface diffusion of the cations 

is impeded by adsorbed saccharide ions [36]. 

Therefore, less metal cations reach the growth  

 

 

sites and formation of new nuclei is preferred. 

Due to the presence of  

 
Fig. 4. Schematic representation of the delocalized 

of electron pair in nitrogen atom of saccharide ion 

over the C-N bond [32] . 

 

fractionally negative charge on the O atom a 

preferable position is made on the substrate for 

Ni+ ions to deposit. This makes many small 

crystallites at one place construct a larger grain. 

The Ni content in nanocrystal electrodeposited 

coatings was 100 atomic weight percent (at.%) 

measured by EDS (Fig.5). In Fig.5b, no 

corresponding sulfur peak was found. In fact, 
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the saccharide ions are the final product of 

saccharin oxidation on noble metal electrodes. 

The saccharide ion has negative charge and it 

cannot be reduced.  

 
Fig. 5. EDS result of NC Ni deposits in the absence 

(a) and presence (b) of saccharin. 

 

3-2- Corrosion behavior 

3-2-1 Potentiodynamic polarization 

Potentiodynamic polarization curves of 

different samples in 10 wt.% sodium hydroxide 

solution are shown in Fig. 6. As can be 

observed, by potentiodynamic polarization 

curves, all samples exhibit self-passivation. 

Active-passive behavior of metals and alloys is 

related to the type of electrode and electrolyte. 

Nickel has a great ability to form a passive film 

in hydroxide solution. In addition, defects like 

boundaries and dislocations are perfect sites for 

nucleation of the passive film (Forming, 

growing and breaking of the passive film were 

discussed in the passive film growth section). 

The corrosion parameters were extracted from 

the polarization curves and summarized in 

Table 2. It was found that the corrosion and 

passivation current density and corrosion 

potential significantly changed with the 

alteration of microstructural morphology and 

crystallite size . ECorr shifted to a more positive 

 

potential in the presence of saccharin because of 

the change in kinetics for hydrogen evolution 

reaction [25]. It is known that defects like 

dislocation affect the kinetics of hydrogen 

reaction. Moreover, reversible trapping of 

hydrogen at dislocations, grain boundaries, and 

pores can change the kinetics of hydrogen 

evolution. Therefore, catalysis of the hydrogen 

reduction process by a substantial quantity of 

crystalline defects (e.g. grain boundaries) at the 

surface of NC Ni coating shifts the ECorr value 

to positive direction [5].  

The corrosion current density of NC Ni coatings 

was much higher than that of bulk Ni. This 

higher current density was attributed to the 

higher grain boundary and triple junction 

content in the NC samples, which provide sites 

for electrochemical activity, and this is the main 

reason for faster forming of the passive layer in 

the presence of saccharin than in the absence of 

saccharin. Another reason is the pores in the NC 

Ni coatings because in aqueous solution the 

cathode hydrogen evolution happens and it 

forms pores [37, 38]. However, this difference 

in current density diminishes at higher 

potentials (0.55 VSCE) at which the overall 

dissolution rate overwhelms the controlled 

dissolution rate of the structure observed at 

lower potentials. The current appeared to be the 

anodic limiting current plateau resulted from 

mass transfer of dissolution product from the Ni 

surface to the bulk electrolyte. The polarization 

curve of the NC Ni coating in the absence of 

saccharin showed a passive, though not 

protective, behavior. The passivity is unstable 

due to the chemical dissolution of the passive 

film into the solution. There was a noticeable 

change in the passive current density for the NC 

Ni coatings compared to bulk Ni. The NC Ni 

coatings showed higher passive current density 

compared to bulk Ni. This indicates the 

defective nature of the passive film that is 

formed on NC Ni. Characterization of the 

passive film on the NC Ni coatings by X-ray 

photoelectron spectroscopy has shown that a 

larger number of defects were present in these 

films [28]. It has been suggested that this should 

be due to easier Ni cations diffusion through a 

more defective film, thereby leading to higher 

passive current densities in the passive range for 

the NC Ni coatings [39]. The imperfection 

passivation associated with NC Ni may also be 
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 related to intrinsic electrochemical behavior 

associated with the disordered intercrystalline 

region in nickel [5, 40].  The fluctuation in 

anodic polarization curves before reaching a 

certain potential in each curve may be due to 

variation in the concentration of the products of 

anodic reaction or, in other words, it undergoes 

several oxidation stages during anodic 

polarization. 

 

3-2-2 Passive film growth 

 Since the solubility of salts is limited, an 

excessive accumulation of metal ions in the 

near- electrode layer will cause the salts to 

precipitate out onto the electrode, screening a 

considerable portion of its surface and sharply 

increasing the current on the free part of the 

surface. Upon hydrolysis of sodium hydroxide, 

the hydroxide ions appear which are able to 

form a passivating film on the Ni surface. Since 

the migration or diffusion of cations from the 

metal lattice into the solution through such a 

passive layer is more difficult, the rate of the 

anodic process begins to drop. In the passive 

region, two electrochemical reactions were 

proceeding at the same time, anodic dissolution 

of metal through the passive film and 

electrochemical oxidation of the electrode by 

hydroxyl ions or by oxygen of water. The 

greater positive shift in potential, the more 

electric-field intensity in oxide will increase, 

which should also increase the velocity of 

motion of cations through the film. However, 

there is a simultaneous acceleration of the 

reaction of electrochemical oxidation of the 

metal by hydroxyl ions or oxygen, so that the 

thickness of the film increases as well. This 

makes it more difficult for the metal cations to 

emerge from the lattice into the electrolyte. As 

a result of two opposing factors, the anodic 

current varies slightly and remains constant 

with a change in the potential. By increasing the 

potential, the intensity of the electric field 

becomes extremely high and as a result of the 

non-uniform coating of the passive layer an 

intensive dissolution of metal was initiated at 

the breakdown potential.  

The anodic potentiodynamic polarization 

curves (Fig. 6) show that by decreasing the 

crystallite size (in the presence of saccharin) the 

adsorption of OH- ions increases and the 

passivation current was seen to decrease [41]. It 

was thought that passivation of electrode 

involves water molecules which are absorbed 

on the electrode surface according to the 

following mechanism including chemical and 

electrochemical steps [42, 43]: 

 
Ni + H2O → Ni(H2O)ads                                     Chemical                   (2) 

Ni(H2O)ads  → Ni(OH)+ + H+ + 2e-     Electrochemical     (3)    

Ni(OH)+ + OH- → Ni(OH)2                     Chemical                (4)   

  

3-2-3 Electrochemical impedance 

spectroscopy  

In order to investigate the effect of crystallite 

size reduction and microstructure on the 

stability of the passive film, impedance 

measurements were also carried out. The 

impedance spectrum diagram obtained for the 

frequency range of100 kHz to 10 mHz at the 

open circuit potential in 10 wt.% sodium 

hydroxide solution at 25 °C is shown in Fig. 7. 

The Nyquist plots reveal capacitive arcs from 

high to low frequencies, which are 

characterized by single semicircles, suggesting 

the involvement of single time constant.  

To account for the corrosion behavior of NC Ni 

coatings and bulk Ni in NaOH solution, an 

equivalent circuit model (Fig. 8) has been 

proposed to simulate the metal/solution 

interface. In this model, RS and Rct represent the 

solution and charge transfer resistance, 

respectively, and CPE is the capacitance of the 

passive film represented by the constant phase 

element. The main reasons for using CPE are, 

capacitor in EIS often does not behave ideally 

due to the complicated corrosion process at the 

interface and in the presence of a fully 

capacitive and protective passive film [44, 45]. 

On the other hand,  
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Fig.7. Nyquist plots of the samples.

 

CPE is generally used as a substitute for an ideal 

capacitor for representing samples which have 

rough surfaces and phase values below 90° [46, 

47]. The impedance of CPE is defined as [48]: 

 

ZCPE = [Q (jω)n] -1                                          (5) 

 

where n is the exponent of CPE ranging from -

1 to 1, jω is the complex variable for sinusoidal 

perturbations with ω = 2πf, and Q is the 

capacitance value of the passive film. In 

addition, a diffusion-controlled charge transfer 

(Zw) was observed at low frequencies. Such a 

diffusion process may indicate that the 

corrosion mechanism is controlled not only by 

a charge transfer step but also by the diffusion 

process. The fitted parameters of the equivalent 

circuit are given in Table 3.  

 

 

 
Fig. 8. Equivalent electrical circuit models used for 

fitting the Nyquist diagrams 

 

 

 

It can be seen that the RS values are similar in 

respective tested solutions, because the position  

of the working electrode and the reference 

electrode are fixed during the test. A higher Rct 

was obtained for bulk nickel compared with the 

NC Ni coatings. This implies that bulk nickel 

was more resistant to anodic dissolution. This is 

an interesting result because it indicates that the 

surface of NC Ni coatings is more prone to 

corrosion than bulk nickel. As shown in Table 

3, the values of n are close to 1, indicating that 

the passive films formed on all of the samples 

are near ideal capacitors with a compact 

structure. In the case of NC Ni coatings, 

capacitance of the passive film decreases with 

the reduction of crystallite size, indicating the 

smooth and protective nature of NC Ni coatings. 

On the other hand, the capacitance Q is related 

to the nature of a passive film and can be 

expressed as follows [49]: 

Q = εε0A/ L                                                               (6) 

where ε is the dielectric constant of passive film, 

ε0 is the dielectric constant of free space, A is 

the surface area of working electrode, and L is 

the thickness of the passive film. A high value 

of capacitance corresponds to a small thickness 

of a passive film. 
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Table 3.  Calculated results for EIS analysis by fitting the equivalent electrical circuit given in Fig. 8. 

 

Sample RS (ohm.cm2) Rct (kohm.cm2) Q (µF.cm-2) n 

Bulk Ni 8.17 ± 0.02 39.41 ± 0.02 6.86 ± 0.02 0.92 

NiCl2 6.15 ± 0.02 24.66 ± 0.02 9.06 ± 0.02 0.91 

NiCl2 + Saccharin 6.36 ± 0.02 29.60 ± 0.02 3.45 ± 0.02 0.90 

Based on the fitted Q values listed in Table 3, it 

can be deduced that the passive films formed on 

bulk Ni and NC Ni coating in the presence of 

saccharin are thicker than that on NC Ni coating 

in the absence of saccharin. Since the passive 

film formed on a metal can act as a barrier in the 

corrosion process [11], a thicker and compact 

passive film would be more beneficial to 

prevent the metal from corrosion. According to 

Table 2, in the presence of saccharin icorr has 

increased. However, Table 3 shows that in the 

presence of saccharin Rct has increased, because 

addition of saccharin reduces the crystallite 

sizes and increases the boundaries, so icorr has 

increased but as we can see in Fig. 6, it helps the 

faster formation of the passive film. 

The corrosion resistance of the NC Ni coating 

in the presence of saccharin is improved by 

rapid formation of the passive film on the 

surface crystalline defects. Compared to the NC 

Ni coating, in the absence of saccharin, a 

relatively higher integrity of passive film is 

formed on nanocrystal electrodeposited Ni in 

the presence of saccharin. This result 

contradicts with the classic corrosion theory 

that nanostructured should accelerate corrosion 

by forming many more micro-electrochemical 

cells between the huge amount of grain 

boundaries and the matrix. In addition, the 

passivation first started on the crystalline lattice 

defects and nanocrystal materials has a high 

density of grain boundaries and dislocations 

inside grains [50]. Also, the nanostructure 

coating contains an appreciable volume fraction 

of interphase or grain boundaries and 

correspondingly large specific interphase 

energy [41]. Hence, it is believed that the 

nanocrystal electrodeposited Ni in the presence 

of saccharin has a high density of nucleation 

sites for the passive film, which leads to a high 

fraction of the passive layer. Fig. 9 shows AFM 

images of the NC Ni coatings in the presence 

and absence of saccharin. Average surface 

roughness (Ra) in the absence of saccharin was 

0.020 µm and in the presence of saccharin was 

0.011 µm.  According to Fig. 9, the surface 

structure in the presence of saccharin is 

completely different. Saccharin inhibits the 

columnar growth and makes surface smoother. 

It is known that electrodeposits with columnar 

structure exhibit a higher rate of transport of 

material between the external surface and the 

electrodeposit/substrate interface [51]. This 

allows for easier access of the corrosive species 

to the coating/substrate interface. So, the 

corrosion resistance of the NC Ni coating in the 

presence of saccharin is higher. In addition, the 

smoother surface offers a better corrosion 

resistance and vice versa. Smoother surface 

decreases the possibility of forming metastable 

pits. In addition, the passive film formation on 

the corroded surface is diffusion controlled and 

the diffusion of elements in the NC Ni coating 

in the presence of saccharin is much higher than 

NC Ni coating in the absence of saccharin.  

 

4- Conclusion 
   In this study, corrosion behavior of NC Ni thin 

films in 10 wt.% sodium hydroxide 

wasinvestigated. The NC deposits were 

obtained by direct electrodeposition using 

chloride bath in the presence and absence of 

saccharin as the grain refining agent. Texturing 

was observed in the case of NC Ni with 

saccharin as additive. In the presence of 

saccharin, crystallite size decreased but the 

grain size increased because of the resonance 

structure of saccharin. Morphology changed 

from regular nodular “cauliflower-like” to 

spherical by addition of saccharin. The 

corrosion behavior of NC Ni thin films was 

compared to bulk Ni. All samples exhibited an 

active-passive behavior. The corrosion potential 

shifted to noble direction with decreasing the 

crystallite size has been related to modification 

in cathodic reaction (hydrogen reduction) 

processes. The passive current densities for NC 

Ni were higher than that bulk and this has been 

related to the defective nature of the passive 

film on NC Ni. According to the EIS analysis, 
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the corrosion resistance for NC Ni was lower 

compared to bulk Ni. The porous nature of NC 

deposits has been related to their lower 

resistance. The corrosion resistance of NC Ni in 

the presence of saccharin was higher than NC 

Ni in the absence of saccharin because of faster 

forming and smoother passive film.     

 

 

 

 
Fig. 9.  AFM images of NC Ni coatings in the absence (a) and presence (b) of saccharin.
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