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Fig. 1. The effect of technological parameter on chemical 
composition of the alloy and the current efficiency of 
electrodeposition 
 

The Ni% in the deposit increases with temperature, (exp. 
no. 1-3 and 5-7) at a current density of 1.75 [A·dm-2]. This is 
due to the fact that an increase in temperature favours the 
deposition at that metal which was preferentially deposited, 
because it speeded up the diffusion and thus relieved the 
depletion of metal at the cathode. As the system follows 
anomalous codeposition, the Fe is being deposited 
preferentially, an elevation of temperature has increased the 
content of the iron as depicted in exp. no. 2-4 and 6-8 
respectively) at current density of 3.51 [A·dm-2]. It is also 
observed that percent of iron (Fe [wt. %]) in the deposits 
slightly increases with the increasing pH of the bath. 

As expected, the current efficiency increases with the pH 
increment, the pH being connected with hydrogen evolution. At 
pH = 2.5, the enhancement of the current density leads to 
higher current efficiency, but at a pH value of 3.5, the current 
efficiency decreases with increasing current densities. 

From the SEM images of the NiFe binary coatings (figure 
2) it can be seen that different microstructures are obtained for 
the different technological parameter of electrolysis. 
In industrial applications, the layer thickness is a critical 
parameter, since this parameter may determine whether the 
deposition meets the requirements or not. The hardness 
measurements are useful in the evaluation of the deposits and 
for predicting their long time usefulness. Frequently, changes in 
alloy hardness reflect variations in the structure or composition 
of the alloy deposit. Roughness is an important parameter used 
in particular to characterize of NiFe electroactive coatings as 
electrocatalysts for hydrogen evolution in an acidic (Navarro-
Flores et. al. 2005) or alkaline (Solmaz & Kardaş 2009) 
medium. 
 

1.  2.  

3.  4.  

5.  6.  

7.  8.  
Fig 2. SEM micrographics showing the surface morphology of 
electrodeposited NiFe alloy at conditions in Table. Note: MAG: 
≈ 1800x, HV:30.0 KV, WD: ≈ 20.0 mm 

 
Fig. 3. The influence of technological parameter on thickness, 
hardness and roughness of NiFe coatings 

 
The influence of the technological parameters tested 

(current density, temperature, pH) on the thickness, hardness 
and roughness of the obtained depositions are given in figure 3.  

The chemical composition and roughness values for 
electrodepositions obtained in the experimental conditions 1 
and 5 are similar to those presented in literature (Solmaz & 
Kardaş 2009). 
 
4. CONCLUSIONS 
 

Because Ni-Fe alloy electrodeposition shows an anomalous 
behavior, it needs testing the technological parameters 
electrolyses in order to obtain deposits with a given 
composition, morphology, structure and properties.  

The increase of % Ni in the deposit at high current density 
is attributed to high ratio of Ni2+/Fe2+ in the bath.  

The effect of temperature on the plating process showed 
that the codeposition of metals is diffusion controlled. 
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