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By serving as a catalyst and boosting reaction efficiency in procedures like water
electrolysis, biomass gasification, and photochemical reactions, nickel-based component
plays a crucial part in the production of hydrogen. The purpose of this work was to use
Magnetron Sputtering technology to develop nickel-zinc thin films on a stainless-steel
substrate. Scanning electron microscopy, XPS spectroscopy, X-ray diffraction, and the
electron probe micro-analyzer (EPMA) were used to examine the surface morphology,
crystal structure, and chemical composition of the Ni-Zn thin films respectively.

According to the found results, we confirm that the Nickel Zinc thin film was well
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Co sputtering magnetron,

Stainless steel,

NickeI—Zi_nc . deposited on stainless steel and it can be applied on different application especially on
Characterization, :
Thin film hydrogen production.

1. Introduction

Because of their many active sites and configurable
electronic  structures, transition  metal-based
catalysts (Fe, Ni, Co, and Cu) have recently drawn
interest as affordable substitutes with superior
activity and tunable selectivity [1-3]. Nickel-Zinc
alloy coatings are being examined for their superior
corrosion resistance compared to zinc coatings,
particularly in electrical as Ni-Zn battery [4-6] and
construction applications, as well as for aluminium
alloy coatings. These coatings serve as viable

substitutes for cadmium, which is highly toxic; thus,
environmental regulations promote the adoption of
alternative protective systems due to health and
pollution concerns. Apart from their employment in
steel automobile bodies [7, 8], nickel-zinc alloy
coatings are also being evaluated for use in electrical
catalysts [9-11], steel wire connections [12], and
electronics [13]. Additionally, nickel-zinc alloy
coatings are utilized in conjunction with chromate or
other coatings [14-17]. Nickel-based catalysts are
studied for both the anode and cathode sides of the
electrolysis process in the literature that is currently
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available. NiCo2Px [18], PtNi-decorated Ni [19],
and PtNiO on carbon [20] for the cathode side and
NiFe20x [21], IrNi [22], and IrNiCu [23] for the
anode side are some of the catalysts that were
investigated to  evaluate the electrolysis
performance.  Researchers are increasingly
interested in using transition group metals, such Ni,
Zn and Fe, to create electrocatalysts because of their
affordability, which stems from their abundance on
Earth [24]. Based on our knowledge. No paper about
nickel- zinc coating by co sputtering magnetron was
reported in the literature. In this paper, a deep
characterization of Ni-Zn thin film layer deposited
by co sputtering magnetron is reported.

2. Material and Methods
2.1. Ni-Zn thin film deposition

The Ni-Zn thin films were deposited on several
pieces of 430 stainless steel and silicon substrate by
RF magnetron Co-sputtering system at 250°C. Prior
to the deposition, the stainless-steel and silicon
substrates underwent ultrasonic cleaning in acetone
followed by ethanol at 50 °C, after which they were
rinsed with deionized water and dried under
a nitrogen stream to ensure surface cleanliness and
reproducibility of the sputtering process. The Ni-Zn
thin films were deposited onto 430 stainless-
steel substrates by RF magnetron co-sputtering
(Fig.1). In addition, selected films were deposited

under identical conditions onto silicon
(Si) substrates for subsequent characterization.
Three different chemical compositions

were deposited: Ni-Zn (50/50 at%) and Ni—Zn
(75/25 at%) with a thickness of 1 pm. All
depositions were conducted in a high-purity argon
atmosphere with a constant flow rate of 102 sccm, a
target—substrate separation of 8 cm, and a base
pressure of 10® mbar. The sputtering power applied
to the individual targets was adjusted according to
the desired film composition, namely 60 W (Ni) / 20
W (Zn) for the 50/50 at% films and 80 W (Ni) / 10
W (Zn) for the 75/25 at% film. The corresponding
deposition durations were 3000 s for both 1 pm
films, all performed at a substrate temperature of 250
°C. All the condition of
the deposition films was presented on the table 1.

Figure.1l. RF magnetron Co-sputtering [25]

2.2. Ni -Zn thin film characterizations

The chemical composition was determined by
Electron Probe Micro Analysis (EPMA) Jeol JXA
8230 with a minimum of three measurements. XRD
experiments were conducted on a
Philips X Pert instrument with CuKa radiation (I =
0.15418 nm).  The morphology of the  thin
film was observed using a scanning  electron
microscope type JSM- 7610F Plus and the chemical
composition was confirmed by EDS analysis.
To explore the elemental composition of the surface
and the oxidation states of the chemical elements
forming our deposit, a characterization by XPS
« Escalab 250 Xi » was performed.

3. Results and Discussions

3.1. Chemical composition determination by
EPMA

To confirm the chemical composition of our thin
films, two measurements by EPMA were carried out
for the thin films deposited.

3.1.1. Ni-Zn 75/25

The Fig.2 shows the two different positions selected
on the 75/25 Ni-Zn thin layer and the
representative’s  peaks elements of  these
compositions. The Table 2. represents the chemical
composition of the deposited Ni-Zn films for the two
positions. Based on the results reported in Figure 1
and Table 2. These analyses confirm that the layer
deposited by Magnetron Co-sputtering has a Ni
composition very closeto that targeted. The
chemical elements of the substrate, Fe and Cr, are
also detected, because EPMA is a volume analysis
technique. It is probably the presence of these
elements in the calculation of the overall
composition of the layer that is at the origin of the
observed shift in the Zn content. Disregarding these
elements, we confirm that the deposited layer is of
the Nickel/Zinc type with a concentration of
75%/25% respectively.

3.1.2. Ni-Zn 50/50

The Fig.2 shows the two different positions selected
on the50/50 Ni-Zn  thin layer and the
representative’s peaks of these compositions. The
Table 3. represents the chemical composition of the
deposited Ni-Zn films for the two positions.
Following chemical analysis by EPMA, itis
confirmed that the layer deposited by Magnetron Co-
sputtering is indeed a layer consisting of 50% Nickel
(the most intense peak). As in the case of the Ni-Zn
deposit (75/25), the chemical elements of the
substrate Fe and Cr appear in the chemical
composition, and their presence is probably
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responsible for the shift in the zinc concentration
compared to the target one. By ignoring these
that the chemical
composition of the Ni-Zn deposited layer is in

elements, itis

confirmed

conformity with the target composition.

3.2. X ray diffraction

3.2.1 Ni-Zn 75/25

The results of the X-ray diffraction (Fig. 4 and
Table. 4) reveal, in addition to the (100) peak of the
silicon used as a substrate for some cases of deposits
intended for structural characterizations and not for
hydrogen production, the (101), (200), and (600)
peaks of the Ni-Zn phase.

Table 1. The conditions of the deposited Ni-Zn films

Ar Flow

Target Layer Distance | Base Pressure | Power [W] | Deposition Deposition
Composition Rate {sccm] |cm] [mbar]
P (100% Ar) Time [s] Temperature (°C)
INi-Zn (50/50 at%) 107 8§ 1078 Ni 60 /Zn20 3000 250
I pm
INi-Zn (75/25 at%) 107 8 1078 Ni80/Zn 10 3000 250
I pm
Table 2. Chemical composition of the deposited 75/25 Ni-Zn films
Chemical composition  position 1 Chemical composition  position 2
Element \Velghl (o/o) A‘on‘que (o/o) Elements “"dgh‘ (0/6) :"om'qlle (0/0)
Cr 0.766 0.8499 o 076 HTH
Ni 77.995 76.7088 Ni 77.408 75.6491
Fe 5.363 5.5448 He e A8
Total 100.000 100.0000 Total 100.000 100.0000
Table.3 Chemical composition of the deposited Ni-Zn 50/50 films
Chemical composition  position 1 Chemical composition position 2
Elemelll ' “'ﬁgh' (°/0) A(omiq“e Elemn' “rdght (%) A'omlque (OA’)
(%)
! Cr 5.187 3.2607
Cr 5.187 3.2607
! Ni 50.126 50.43
Ni 49.126 4923
| Zn 21562 19.4055
Zn | 21.562 19.4055
| Fe 22.067 23.0990
Fe | 23.067 242990
‘ 0 1.055 3.8048
O 1.055 3.8048
! Total 100.000 100.0000
Total 100.000 100.0000
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Figure 2. 75/25 Ni-Zn micrograph and representative elements peaks by EPMA
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Figure 3. 50/50 Ni-Zn micrograph and representative elements peaks by EPMA
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Figure 4. XRD spectrum of 75/25 Ni-Zn

Table 4. XRD peaks aof 75/23 Ni-Zn

Figure 5. XRD spectrum of 50/50 Ni-Zn

20 |4 hkl | peak Ref
44,25 2,053 101 NiZn [26.27]
64 1,443 200 NiZn [27.28]
68 1,502 600 NiZn [27.29]
693 137 100 Silicon [30]
6035 1,354 103 Zinc [31.32]
Table 5. XRD peaks of 30/30 Ni-Zn
20 () d hkl [ peak Ref
44,25 2052 101 NiZn [26.27]
64 1435 200 NiZn [27.28]
68 1,502 600 NiZn [27.28]
693 1,354 100 Silicon [29]
69,5 1,354 103 Zinc [30.,31]
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Figure .6 SEM microphotographs of the surface of Ni-

Zn (75/25) deposits observed at different magnifications
a) x5000, b) x10000 and c) x10000

Figure.7 SEM micrograph of a grain on the Ni-Zn
(75/25) deposition surface with 3D growth
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Figure .8 EDS Analysis 75/25 Ni-Zn

Figure .9 SEM microphotographs of the surface of Ni-
Zn (50/50) deposits observed at different magnifications
a) x5000, b) x10000 and c¢) x25000.

Table 6. Chemical composition by EDS analysis75/25
Ni-Zn

[Element Wetgla [2%] Aromuique [%a]
Nickel 77.94 658
Zinc 16,37 12.41
Carbone 4.06 16.75
Oxygene 1.63 5,05
Total 100 100
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Table 7. Chamical sompositicn by EDS analyriz S0/50

Ni-Za
Elemaent Weapht [%] Atomique [30]
Nickel 68,28 S0,08
Zine 25,062 1815
Carbone 4,35 1748
Oxygene 2795 $29
Total 100 00
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Figure .13 XPS analysis/Survey Ni-Zn 50/50

3.2.2 Ni-Zn 50/50

As previously mentioned, the results of the X-ray
diffraction (Fig5 and Table 5) reveal, in addition to
the (100) peak of the silicon used as a substrate, the
(101), (200), and (600) peaks of the Ni-Zn phase.

3.3 SEM micrograph

The morphology of the deposited Ni-Zn layer was
carried out by scanning electron microscopy.

3.3.1 Ni-Zn 75/25
Detailed observation using a scanning electron
microscope of the surface of the Ni-Zn (75/25)

Tty S

Figure .14 XPS analysis Ni-Zn 50/50 a) Ni=p, b) Nu;p. ¢)
Zn:p, d) Zaip. ) Cis, ) O:s

deposit reveals at low magnification (Fig.6.a and
6.b) arelatively dense and uniform structure. At
higher magnification (Fig.6c), the presence of a
grain structure with two contrasts, light and gray, is
highlighted. The measured grain size varies between
80 and 160 nm. Figure .7 shows a SEM micrograph
of a grain on the Ni-Zn (75/25) deposition surface
with 3D growth. According to the Fig.8 and
Table. 6, the chemical composition is mainly
composed of nickel (Ni) at65.8 at. % and Zn
at 12.41 at. Note that in this case, the ratio of the
measured Ni/Zn composition remain acceptable
compared to the target value.

3.3.2 Ni-Zn 50/50

Detailed observation with a scanning electron
microscope of the surface of the Ni-Zn (50/50)
deposit reveals at low magnification (Fig.9a) a
relatively dense and uniform structure. The presence
of two light and gray contrasts can be distinguished,
which can be attributed to a two-phase structure. At
higher magnification (Fig.9b and 9c), grains with a
size between 60 and 180 nm are highlighted. These
have an angular morphology and develop a three-
dimensional growth. Furthermore, the chemical
composition of a grain determined by energy
dispersive spectrometry (EDS) (Fig.10 and Table .7)
shows that the Ni-Zn (50/50) deposit is mainly
composed of nickel (Ni) at 56.08 at. %, and zinc (Zn)
at 18.15 at. %. Note that the measured Ni content
closely corresponds to the expected composition,
while that of Zn deviates significantly from it.
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3.4 XPS analysis

3.4.1 Ni-Zn 75/25

To explore the elemental composition of the surface
and the oxidation states of the chemical elements
forming our deposit (extreme surface), a
characterization by XPS was performed. Figures .11
and .12 present the wide-range energy scan spectra
(from 0 to 1500 eV) of the Ni-Zn samples (75/25)
included all revelated peaks [32,33]. The high-
resolution Ni 2p spectrum shows two sets of peaks
at 855.82and 872.5 eV with their respective
satellites, which correspond to the 2p3/2 and 2p1/2
levels, respectively. Also, the 3p peaks of Nill are
observed at 67.3 eV and 71.92 eV [34]. As shown in
Figure 4a, the XPS spectrum of Zn 2p reveals the
binding energies of Zn 2p3/2at about 1,021.8 eV and
Zn 2pl/2 centered at 1045 eV [35].The XPS spectra
reveals the Zn3p peak at 88.2 and 91.3 eV [36].The
oxygen O1s with binding energy of (529.46 eV-
531.87 eV) could be assigned and it was well known
that the high amount of surface chemisorbed oxygen
was enhancing the activity of the resulting catalyst
[37]. Carbon 1s core-level lines attributed to C-C and
C=0 bindings are positioned at 284.54 and 288.27
eV, respectively[38].

3.4.2 Ni-Zn 50/50

Figures .13 and .14 present the wide-range energy
scan spectra (from 0 to 1500 eV) of the Ni-Zn
samples (50/50), showing the presence of the
elements Ni, Zn, C, and O at their signature binding
energy positions. The same XPS peaks regarding the
Ni-Zn samples (75/25) are also observed on the Ni-
Zn samples (50/50).

5. Conclusion

In the face of increasingly pressing environmental
concerns, such as the need to control greenhouse gas
emissions and to address the depletion of fossil fuel
reserves, the development of new advanced
materials has become a major priority. In this
context, Ni-Zn alloy coatings have attracted
growing interest due to their promising
electrochemical properties, corrosion resistance, and
potential applications in various energy-related and
protective technologies. Our work focuses on the
design and optimization of new Ni—Zn alloy coatings
synthesized by co sputtering magnetron RF
technique. In this study, Ni—Zn alloy layers (50/50
and 75/25) with target thicknesses of 50 nm and 1
um were deposited by magnetron sputtering onto
AISI 430 stainless-steel substrates. The results
obtained clearly demonstrate the promising potential
of Ni-rich Ni—Zn coatings for applications requiring
stable, conductive, and corrosion-resistant surfaces.

The main results can be summarized as follows: DS
and EPMA analyses confirmed the chemical
compositions of the deposited layers namely Ni-75%
and Ni-50% in agreement with the targeted values.
Scanning electron microscopy (SEM) of the
synthesized layers revealed a relatively dense and
uniform structure. XRD patterns collected for both
Ni—Zn (50/50) and Ni—Zn (75/25) deposits revealed
the diffraction peaks (101), (200), and (600),
characteristic of the NiZn phase.XPS analysis of the
two synthesized coatings allowed identification,
after deconvolution, of the main high-resolution
spectral regions for the following elements: Ni 2p,
Ni 3p, Zn 2p, Zn 3p, C 1s, and O 1s.According to the
found results, we confirm that the Nickel Zinc thin
film deposited on stainless steel can be applied on
different application especially on hydrogen
production.
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