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XRD, Raman and SEM surface analysis on Ni-Cu
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This paper presents the characterization of a Ni-Cu thin layer electrodeposited onto a steel substrate. The
characterization of these films was performed with X-ray diffraction spectroscopy, Raman spectroscopy and Scanning
electron microscopy. The results of the XRD analysis showed a Face Centered Cubic structure and the Raman
spectroscopy indicated the presence of Cu20, CuO and NiO into the films.
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1. Introduction

Thin deposited metallic films such as Fe, Ni, Co, Cu
have attracted a lot of interest for a long time due to their
inherent potential applications in data storage devices [1],
nanostructural designed materials, corrosion protective
coatings and their electronic properties [2].

Electrodeposition is one of the most employed
techniques used to obtain nanocrystalline metallic films,
with thicknesses ranging from hundreds of nanometers to
tens of micrometers [3].

Surface science is a subject that grew enormously in
the last decade, partly because of the availability of some
new electron-based tools. X-ray diffraction spectroscopy
and Raman spectroscopy, techniques also used in the
present study, have contributed to many advances in the
field [4-7].

The aim of this study is to characterize some Ni-Cu
films electrodeposited on steel substrates. The
morphological properties of these films were evaluated by
means of scanning electron microscopy. X-ray diffraction
spectroscopy and Raman spectroscopy were employed in
order to determine the crystallization system of the Ni-Cu
alloys, respectively to determine the presence of Ni and Cu
in the deposits. These methods were employed for the
determination of the structural and morphological
properties of the Ni-Cu alloys, because one needed a
confirmation of the presence of copper and nickel in the
composition of the final alloy. Also, scanning electron
microscopy was an extremely helpful technique for
identifying the porous structure of the films, structure that
will provide a high surface area. A high surface area of the
deposit is wanted because these deposits are meant to be
used as supercapacitor plates. ”’

2. Methods of investigation

The X-ray diffraction spectroscopy method was
employed in order to characterize the Ni-Cu films from the
crystallographic point of view. The analyses were
performed on a Bruker D8 ADVANCE X-ray
diffractometer equipped with a Cu ko radiation source
with a wavelength of 1.54060nm. The analysis parameters
were: angle of 0-90°, a voltage of 40kV and a power of
40mA. The X-ray diffraction spectroscopy is a rapid and
reproducible instrumental technique used in previous
studies [8-10] for the identification of solid components
and for the proportion of different component minerals.

The Raman investigations were carried out with a
Renishaw InVia micro-Raman spectrometer with a laser
source with a wavelength of 532nm and a full power of
500mW. In order to analyze the samples, one has used a
1800l/mm holographic grid, at a 5% power, an exposure
time of 20s and 20 acquisition.

The scanning electron microscopy has been used in
order to determine the morphology and the structure of the
deposition crystals. The analyses were performed on a
ZEISS Merlin Gemini Il scanning electron microscope
with a resolution of 0.9 nm.

3. Results and discussions

In order to determine if the electrodeposited Ni-Cu
films could be used as potential supercapacitors electrodes,
as reported in [11-13], one has used three complementary
characterization techniques to reveal the Ni-Cu properties,
namely X-ray diffraction  spectroscopy, Raman
spectroscopy and Scanning electron microscopy (SEM).

The electrochemical cell used for the deposition of the
Ni-Cu layers was composed of a steel plate that worked as
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a cathode, a platinum mesh that worked as anode, an
electrolyte solution composed of 0.5M CuSOs5H.0
(Sigma-Aldrich), 0.01M NiSO47H.0 (Sigma-Aldrich),
1.5M H3SO4 (Chim Reactiv), 1M HCI (Chim Reactiv), a
variable resistance, a power source and an ammeter. One
has used an electrolyte solution of this composition in
order to achieve a higher conductivity of the solution due
to the sulphuric acid and to achieve the complexation of
the Cu and Ni ions due to the chlorine provided by the
chlorhidric acid [14-16]. Also, the acidic pH of the
solution prevents the formation of cooper and nickel
hydroxides.

In order to maintain the deposition temperature
constant, one has used a thermostatic water bath. The
temperature of the deposition solution was 30°C for all the
analyzed samples. After the deposition, one has dried the
layers by a thermal treatment performed at 180°C, for one
hour.

Intensity

The deposition parameters used for the obtaining of
the Ni-Cu films used as samples for the above mentioned
analyses are as follows:

- sample 1: current density of 1.5 A/lcm? and a time of
deposition of 125 seconds;

- sample 2: current density of 1.1 A/cm? and a time of
deposition of 125 seconds;

- sample 3: current density of 0.7A/cm? and a time of
deposition of 125 seconds;

- sample 4: current density of 1.5 A/lcm? and a time of
deposition of 50 seconds;

- sample 5: current density of 1.1 A/cm? and a time of
deposition of 50 seconds;

- sample 6: current density of 0.7 A/lcm? and a time of
50 seconds.
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Fig. 1. XRD patterns of the Ni-Cu deposits at different parameters a: metallic Cu, b: metallic Ni, m: Ni-Cu alloy
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3.1. Deposition crystallography

In order to have a crystallographic image of the Ni-Cu
deposited layers, one has performed a X-ray diffraction
spectroscopy analysis. The diffraction patterns were
recorded between the angles 0° and 90°. Comparing the
obtained data with the data from the literature, it appears
that the type of crystallization of the Ni-Cu alloy is a cubic
type of FCC [17-21], this is due to the fact that the lattice
sizes of Cu and Ni are similar (3.615 and 3.524 A) [22,23].

Fig. 1 illustrates the XRD patterns of the Ni-Cu layers
deposited on steel plates. One may see that the obtained
spectrum has three main reflections which belong to the
(111), (200) and (220) crystal planes, at angles of 43.4°,
50.7° and 74.7° specific for a fcc metallic copper,
according to International Centre for Diffraction Data
(ICDD) file 00-009-0205. According to ICDD file 00-077-
7710, for the metallic nickel, the corresponding reflections
are at 44.4° 51.8° and 76.3° which belong to the (111),
(200) and (220) crystal plane, respectively. The reflections
obtained at 43.6° 50.8° and 74.6°, which belong to the
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(111), (200) and (220) crystal plane is assigned to Cu-Ni
alloy (ICDD file 00-047-1406) [22, 24-29].

Some nickel and copper oxides may appear due to the
thermal treatment applied immediately after the layer
deposition. The presence of these oxides is highlighted by
the presence of low reflections at angles of 37.1° 43.2°,
62.7° and 75,2°, which are representative for the
crystalline planes (111), (200), (222) and (311)
respectively for nickel copper oxide according to ICDD
01-078-0646.

3.2. Raman analysis

The micro-Raman analysis was performed at room
temperature and room atmosphere. The study was
performed on Ni-Cu deposition layers in order to detect
the presence of Ni and Cu in the deposit and to determine
the surface crystalline form.
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Fig. 2. Raman spectrum of the Ni-Cu deposition

The Raman spectra of the Ni-Cu electrodeposited
layers are shown in Figure 2. The Ni-Cu coating is
highlighted by the presence of nine characteristic peaks of
nickel and copper oxides. The peaks between 109 and 619
cm! correspond to copper oxides such as: Cu.O (109, 140
and 214 cm) and CuO (290, 339 and 619 cm™) [30-32].
One may see the presence of some other peaks at 534 and

1103 cm?* that could be attributed to the vibration of the
NiO bond [30,33,34]. The medium Raman signal observed
at 687 cm is assigned to the ring breathing mode [33]
respectively for the ring stretch [35, 36].
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3.3. Crystals dimensions

In the electrodeposition process of the Ni-Cu films, a
secondary reaction that takes place is the evolution of
hydrogen. The bubbles generated on the surface of the
electrode, disturb the continual growth of the crystal thus
generating a tree structure, also called dendritic structure
[13, 29, 37-38]. The growth of cubic crystals takes place in
the direction of the octahedral axes, forming long branches
on several axes of crystallization (Figure 3).

In order to determine the size of the crystals, scanning
electron microscopy was used. The length of a dendritic
structure (the tree structure) varies between 1-2um and the
width varies between 300-800nm. The size of the crystals
for the analyzed samples has varied between 70-150nm.
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Fig. 3. SEM image of a Ni-Cu deposition

4. Conclusions

In this study, some Ni-Cu films electrodeposited on
steel plates were analyzed in order to give determine the
morphology and crystal structure of these deposits.
Regardless of the parameters applied for the deposition
process, the morphology and the crystallization system are
the same.

XRD results indicated the presence of metallic copper
and nickel and also the presence of a nickel-copper alloy
with a face centered cubic crystallization system.

Raman spectroscopy results highlighted the presence
of the Cu.0, CuO and NiO.

Scanning electron microscopy results showed that the
growth of cubic crystals takes place direction of the
octahedral axes, forming long branches over several
crystallization axes, thus obtaining a dendritic structure
with dimensions between few nanometers and 1-2
micrometers.
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