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The presented work attempts at  determining the effect of the parameters of the nickel coating process with the 
galvanic method i.e. current density, time and temperature, upon the quality of the coatings obtained.
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INTRODUCTION

One of the most common technique for applying 
metallic coatings is the galvanic method. The method is 
used where  nickel plating is performed. In the nickel 
plating  process the Watt’s baths are most often used, 
the main components of which are nickel sulphate, 
nickel chloride and boric acid [1, 2].

Galvanic nickel coatings, due to their attractive ap-
pearance, high corrosion resistance and favorable me-
chanical properties, are often used as decorative, pro-
tective or technical coatings. They are used, among oth-
ers, in the automotive and chemical industry as well as  
haberdashery [3 - 6].

In the presented paper the authors tried to determine 
the influence of galvanic process parameters upon the 
quality of the obtained coatings.

RESEARCH METHODOLOGY

The investigation of the nickel coating process re-
quired the use of QUASAR galvanizer, the main ele-
ments of which were a tub made of polypropylene and  
equipped with 3 rails supplying electricity to steel an-
odes, a temperature controller and a power supply unit.

Copper plates (dimensions of the galvanized surface 
0,1 dm × 0,03 dm), which were previously digested in 
sulfuric acid in order to clean the surface, were used in 
electroplating  studies.

The parameters of the nickel plating  process are 
shown in Table 1.

In order to determine the quality of the obtained 
coatings, they subjected them to roughness tests carried 
out on the SURFTEST SJ - 500 profilometer. Rz (mean 
height of roughness profile) and Ra (arithmetic mean 
deviation of the roughness profile) were determined. 
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Details of the measurement methodology are included 
in the works [7 - 9].

Table 1 Parameters of galvanizing process

Simple No Time
/ s

Temperature
/ K

Cathode current 
density /  A·dm-2

1 300 293 1
2 300 293 1
3 600 293 1
4 600 293 1
5 900 293 1
6 900 293 1
7 300 318 1
8 300 318 1
9 600 318 1

10 600 318 1
11 900 318 1
12 900 318 1
13 300 318 1,5
14 300 318 1,5
15 600 318 1,5
16 600 318 1,5
17 900 318 1,5
18 900 318 1,5
19 300 318 2
20 300 318 2
21 600 318 2
22 600 318 2
23 900 318 2
24 900 318 2

Microscopic examinations on the continuity of the 
sample coating after galvanizing process were carried 
out both with Nikon SMZ1000 stero microscope and 
HITACHI scanning microscope S-4200.

In order to determine the adhesion of nickel coatings 
to the substrate the authors conducted the bending tests. 
In the method applied the sample subjected to double 
bends until the rupture occurs in the substrate. The 
bends cause cutting stresses between the substrate metal 
and the coating metal. Stresses, in case of poor adhesion 
of coatings, induce  peeling and delamination along the 
edge of the breakthrough [1].
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TEST RESULTS 

Measurement results of roughness of the received  
nickel coatings are presented in Table 2 and Figures 1- 3.

Table 2  2D measurement results of roughness of the 

received galvanic coatings

Simple No Ra  / μm Rz  /μm

1 0,26 1,66
2 0,28 1,76
3 0,27 1,72
4 0,30 1,52
5 0,37 2,51
6 0,19 1,16
7 0,17 0,95
8 0,14 0,89
9 0,25 1,84

10 0,19 0,87
11 0,17 0,94
12 0,20 1,02
13 0,18 0,90
14 0,72 2,75
15 0,21 1,49
16 0,34 1,55
17 0,28 1,65
18 0,37 2,37
19 0,31 1,78
20 0,17 1,13
21 0,29 2,22
22 0,18 0,98
23 0,28 2,03
24 0,23 1,43

Sample images of the obtained nickel coatings from 
the stereo microscope are shown in Figure 4, while the 
image obtained with a scanning microscope together 
with an exemplary microanalysis of the chemical com-
position of the coating is shown in Figure 5. Observa-
tions on both types of microscopes indicate the continu-
ity of nickel coatings obtained. Adhesion tests of nickel 
coatings by bending also confirm good adhesion of the 
obtained coatings to the substrate.

Figure 1  Relationship between roughness parameters of 
nickel coatings Ra and Rz and application time 
(cathode current density 1 / A·dm-2 , 
temperature 318 K).

Figure 2  Relationship between roughness parameters of 
nickel coatings Ra and Rz and application time 
(cathode current density 1,5 / A·dm-2 , 
temperature 318 K)

Figure 3  Relationship between roughness parameters of 
nickel coatings Ra and Rz and application time 
(cathode current density 2 / A·dm-2 , 
temperature 318 K).

Figure 4  Images of nickel coatings from stereo mocroscope (A 
– simple 1, B- simple 20).

A

B



343

B. OLEKSIAK et al.: NICKEL COATINGS APPLIED WITH GALVANIC METHOD

METALURGIJA 58 (2019) 3-4, 341-343

SUMMARY

The tests on the nickel coating process with the ap-
plication of galvanic method indicate that when cathode 
current densities in the range of 1 - 2 A dm-2 are used 
then good quality coatings can be obtained in a few 
minutes. This is confirmed by the results of the rough-
ness measurements obtained with the SURFTEST pro-
filometer SJ - 500. The results prove that  the process of 
galvanic application of nickel coatings onto the copper 
surfaces should most preferably be performed at a cath-
ode current density of about 1,5 A dm-2 in about 600 
seconds. Temperature fluctuations in the range of 293 - 
318 K do not  significantly affect the process. The tests 

performed with the aid of both stereo microscope  and 
scanning microscope show good quality and maintain 
the continuity of nickel coatings upon the entire surface 
of the tested samples. Good adhesion of the obtained 
nickel coatings to the substrate in all cases was con-
firmed by bending tests.
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Figure 5  Microanalysis of chemical composition performed 
upon nickel coating surface




