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Preliminary Note – Prethodno priopćenje

Electrodeposition of multilayers continues to grow and diversify. Research is still underway on the adaptation of 
multilayer systems to new applications in various industries. Cu/Ni multilayers are still very commonly used for prac-
tical purposes. In this work, the functional properties of selected multilayer systems with different layers quantity 
and thicknesses in nanoscale were investigated. The Cu and Ni layers were electrolytically deposited on a low car-
bon steel substrate and obtained systems were subjected to structural and anticorrosion properties study. The elec-
trochemical parameters were determined by potentiodynamic method and the surface evaluation of the systems 
after corrosion tests was also carried out.
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INTRODUCTION

Cu/Ni multilayer systems are popular and have been 
extensively studied in terms of their structure, thermal 
stability, mechanical and magnetic properties, especially 
the demonstrated effect of giant magnetoresistance 
(GMR) [1-4]. The thickness of the layers was also deter-
mined using various measurement methods and the influ-
ence of the thickness of the ferro and non-ferromagnetic 
layers on the properties obtained by these systems was 
investigated [5, 6]. However, very little work has been 
devoted to studying the corrosion properties of these ma-
terials. Considering that corrosion resistance is extremely 
important in the practical application of multilayer sys-
tems as engineering materials, this paper attempts to in-
vestigate the corrosion behavior of multilayer copper/
nickel systems obtained by electrolytic deposition, de-
pending on the number and thickness of the layers.

EXPERIMENTAL DETAILS
A sample of low-carbon steel foil with dimensions of 

50 x 50 mm and a thickness of about 0,1 mm was used 
for the tests, on which alternate layers of copper and 
nickel were applied in the process of electrolytic deposi-
tion. The copper layer was deposited from a cyanide bath 
at room temperature and a current intensity of 0,0125 A. 
The nickel plating operation was carried out in a nickel 
bath at 50 °C with a current intensity of 0,1 A (Table 1).

Microanalysis of the chemical composition of the 
Cu/Ni multilayers was carried out using an Energy Dis-
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persive X-ray fluorescence spectrometer (EDX-7000 
by SHIMADZU).

The thickness of the obtained systems was deter-
mined based on the observation of cross-sections of 
samples made in liquid nitrogen using a Scanning Elec-
tron Microscope (SEM) Supra 35 Carl Zeiss.

Surface topography studies were conducted using an 
atomic force microscope (AFM) provided by Park Sys-
tem XE-100.

The anticorrosion properties of the systems were de-
termined using the potentiodynamic method. The inves-
tigations were conducted in 3,5 % sodium chloride so-
lution at room temperature with the use of Autolab 302 
N potentiostat, by NOVA software (version 1.11) con-
trolled. The measurements were performed in a cell 
containing three electrodes (reference electrode – satu-
rated calomel electrode (SCE); counter electrode – plat-
inum rod; working electrode – sample). The corrosion 
resistance was evaluated by recording the open circuit 
potential (EOCP) variation on time (3 600 s). Corrosion 
current density (jcorr), the polarization resistance (Rp), 
and the corrosion potential (Ecorr) were determined by 
extrapolating Tafel curves. The scan rate was 1 mV s -1.

Table 1  The parameters of the copper  and nickel plating 
operations

Sample no. Cu layer
Time / s

Ni layer
Time / s Quantity of layers

1 165 62,5 40
2 79 30 40
3 79 62,5 40
4 165 30 40
5 165 62,5 20
6 79 30 20
7 79 62,5 20
8 165 30 20
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The evaluation of the samples surface after corrosion 
tests was carried out using the Supra 35 scanning electron 
microscope (SEM) by Carl Zeiss, and the chemical com-
position of the surface layer was determined with the En-
ergy Dispersive Spectrometer (EDS) by EDAX.

RESULTS AND DISCUSSION
Analysis of the chemical composition of the Cu/Ni 

multilayer systems was carried out by energy dispersive 
X-ray fluorescence spectrometer (Figure 1). The obtained 
XRF spectra showed a varied presence of copper and nick-
el depending on the time of individual layers deposition.

After the cross-sections observation of the samples 
with the use of a scanning electron microscope and the 
local measurement of the multilayer systems thickness, 
it turned out that the thickness of the samples varies de-
pending on the location of the measurement (Figure 2). 
This may be due to the deformation of the layers during 
the preparation of the samples for testing.

while after 500 s the potential of the sample reached the 
lowest value, which was maintained until the end of the 
test and was the worst among the tested samples.

The analysis of the polarization curves of samples of 
Cu/Ni multilayer systems shows an increase in the cor-
rosion potential (Ecorr) from -0,35 V for sample no. 4 to 
-0,52 V for sample no. 2 (Figure 4 c, d). Therefore, the 
best and lowest Ecorr values were recorded for the sys-
tem with more single layers but with a thinner nickel 

Figure 1 XRF spectrum of the Cu/Ni multilayers (sample no. 1)

Figure 2  Local measurement of the of multilayer system 
thickness (sample no. 1)

Based on the AFM test results, the following rough-
ness parameters were determined: mean roughness (av-
erage roughness – Ra), root mean square (RMS), and 
maximum profile height (Max.) (Table 2).

The results of the tests showed that systems with a 
smaller number of deposited layers showed a higher 
surface roughness (Figure 3).

Changes in the open circuit potential as a function of 
time showed the variable corrosion resistance of the 
tested materials (Figure 4 a, b). After 3 600 s, the best 
EOCP value was recorded for sample no. 4, consisting of 
40 layers, where the copper layer was deposited for the 
longest time and constituted the top layer of the system. 
At the beginning of the test, sample no. 2 showed rela-
tively good resistance to the aggressive environment, 

Table 2 The roughness parameters of Cu/Ni systems

Sample Ra / nm RMS / nm Max / nm
substrate 92 115 595

1 113 152 776
6 180 237 1 289

Figure 3  AFM image of three-dimensional visualization  
of Cu/Ni system topography (sample no. 6)

layer. In turn, the highest value of the corrosion current 
density was shown for systems with a smaller number 
of single layers, namely for samples no. 7 (jcorr = 118,92 
μA/cm2) and no. 5 (jcorr = 80,69 μA/cm2). The lowest 
value of jcorr = 7,36 μA/cm2 and the highest polarization 
resistance (Rp = 12,25 kΩcm2) were obtained for sample 
no. 1, which consisted of 20 layers of copper and 20 
layers of nickel, applied in the longest time (Table 3).

On the sample no. 1 surface, there are visible resi-
dues of corrosion tests in the form of sodium chloride 
crystals, but the layer has maintained continuity and has 
not undergone significant degradation. EDS analysis 
also showed the presence of oxygen, indicating that a 
passive oxide layer had probably formed on the surface 
of the sample (Figure 5).

CONCLUSIONS
Electrochemical tests of the samples showed a var-

ied corrosion resistance of the systems depending on 
the number and thickness of the layers. The discrepancy 
between the Ecorr and jcorr values indicates a better corro-
sion resistance of sample no. 1, because the potential is 
a thermodynamic value, while the corrosion current 
density is kinetic and related to the corrosion rate.

SEM images did not reveal traces of pitting, which 
may indicate the formation of a passive oxide layer on 
the surface and the corrosion resistance of systems with 
the largest number and thickness of layers in the sodium 
chloride environment.
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Figure 5  SEM images and EDS analysis of the surface morpho- 
logy of sample no. 1 after electrochemical tests

Figure 4  Variation of the EOCP with time (a, b) and polarization curves (c, d) in 3,5 % NaCl solution of Cu/Ni multilayers  
with 40 layers (a, c) and 20 layers (b, d)

Table 3  Results of polarization tests of Cu/Ni multilayer systems 

Sample no. 1 2 3 4 5 6 7 8
Ecorr / V -0,45 -0,52 -0,46 -0,35 -0,48 -0,48 -0,37 -0,44
Rp / kΩcm2 12,25 2,17 1,26 3,06 1,81 3,39 1,77 1,88
jcorr / μA/cm2 7,36 31,51 51,35 30,14 80,69 39,49 118,92 20,24
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