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Abstract - In this study, we focused on the structure 

and morphology of Ni Electrodeposits obtained from 

sulfate chloride electrolytes with a special emphasize 

on using Watts bath. The influence of different 

surfactants such as CTAB, SDS and triton x100 as 

well as electrodeposition method on the 

electrodeposited nickel layers was investigated. Our 

results revealed that different surfactants affected the 

porosity and homogeneity of the samples.   

1. Introduction 

Electrodeposition of nickel has been a major subject of 

electrochemists, researchers due to its enormous useful 

properties and performance characteristics. Nucleation 

rate and growth of nickel as a criterion for the size of 

nuclei and the resulting surface morphology are shown 

to be dependent upon several parameters such as 

deposition over potential, current pulse modes, 

substrate material and surface properties, nickel ion 

content, pH and temperature. Electrodeposition of 

nanocrystalline nickel has been the subject of many 

studies for years [1-4]. Surfactants are the substances 

which greatly reduce the surface tension of water. It 

leads to the smooth surface of coating with their 

nanocrystalline structures. They will absorb fine 

particles from the matrix and this increases the 

repulsion force between particle charges, and it avoids 

the agglomeration of particles suspended in the 

planting solutions. Because of high surface free energy 

the ultra-fine particles from electrolyte bath will get 

agglomerated. [5] 

In this study, we focused on the properties of Ni          

electrodeposits obtained from sulfate–chloride 

electrolytes with a special emphasize on using Watts 

bath. Nanocrystalline nickel films were 

electrodeposited by direct current ( DC) and pulsed 

reverse current (PRC) techniques in the presence of 

different surfactants on a copper substrate to exploit the 

effect of electrodeposition conditions on the structure 

and morphology of electrodeposits. The cetyltrimethyl 

ammonium bromide (CTAB), sodium do-decyl 

sulphate (SDS) and triton x100 are used as cationic, 

anionic and nonionic surfactants respectively [6]. 

 

2. Material 

Nickel films were prepared by electrodeposition in a 

Watts bath on copper foil (Surface area: 1cm2) as the 

cathode. The Watts bath consisted of NiSO4.6H2O 

(265 g/l of H2O), NiCl2.6H2O (48 g/l of H2O), and 
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H3BO3 (31 g/l of H2O). For all kinds of surfactants, the 

surfactant’s concentration of Watts bath was 4.33×10-

4 mol/L. Electrodeposition was conducted in a pH of 

3.7 at room temperature. Electrodeposition studies 

were done in a standard three-electrode cell with a 

platinum wire as counter electrode and Ag/AgCl 

electrode as reference electrode. The copper foils were 

used as working electrode. The cell was powered by an 

Ivium Stat Potentiostat/Galvanostat run by a PC 

through its commercial software’s. Surface 

morphology of the deposits was examined by scanning 

electron microscopy (SEM) on a FE-SEM microscope 

model HITACHIS-4160. In DC method the constant 

current density of -100 mA/cm2 was used. 

The operation parameters in PRC method such as the 

forward and reverse peak current density, the forward 

and reverse pulse on-time (ton) and the forward and 

reverse pulse off-time (toff) are summarized in table 1. 

In both methods, the total time of electrodeposition 

was 150 seconds. 

 

3. Results and Discussion 

Four Ni electrodeposit samples were prepared 

according to the preparation conditions shown in table 

2. The SEM images of electrodeposited samples are 

presented in Fig. 1. As shown in this figure, the surface 

morphology and structure of the samples is strongly 

dependent on the method of electrodeposition as well 

as surfactant type. 

For sample a (Fig. 1a) a relatively homogenous 

nanocrystalline structure was obtained in the presence 

of SDS (an anionic surfactant) and DC method. By 

inverting the direction of current in PRC method 

(sample b, Fig. 1b), adsorption and desorption of SDS 

on caused a porous nanocrystalline structure along 

with some agglomerates.  

For sample c (Fig.1c) the effect of cationic surfactant 

(CTAB) on the surface morphology is significant. It 

seems that electrodeposition process has been certainly 

hindered in some regions because of probable 

adsorption of CTAB on the electrode surface in the 

forward current. 
Table 1. The operation parameters for PRC method in 

electrodeposition of nano crystalline nickel films. 
 

2100 mA/cm-=Forwardi 
=400mSont  

=3600mSofft  

2=100 mA/cmReversedi 
=200mSont  

=800mSofft  
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Table 2.  Preparation conditions of samples. 
 

Sample Method Surfactant 

(a) DC SDS 

(b) PRC SDS 

(c) PRC CTAB 

(d) DC Triton x100 

 

a  

b  

c  

d  
 
Fig.1. SEM images of nano crystalline nickel films deposited by a) 

DC&SDS b) PRC&SDS c) PRC&CTAB d) DC&Triton x100. 

 

Effect of non-ionic surfactant (Triton x100) under a 

DC experiment has been shown in Fig. 1d where a 

homogenous nanocrystalline structure could be seen. 
 

4. Conclusion 

Nickel electrodeposited coating were obtained from 

Watts bath containing different surfactants including 

CTAB, SDS and Triton x100 using DC and PRC 

techniques. A nano crystalline structure was obtained 

for all samples. It is observed that different surfactants 

affect the porosity and homogeneity of the samples.   
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