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ABSTRACT

Published: 30.03.2026

This work aims to investigate the magnetic characteristics of electrodeposited cobalt-nickel based monolayer and
multilayer alloy coatings. The coatings were fabricated from chloride electrolyte with zinc and phosphorous incorporated to
examine their influence on structural and magnetic behavior. Structural, and compositional analyses were carried out using
X-Ray diffraction patterns, Field Emission Scanning Electron Microscope micrographs, and Energy Dispersive X-ray
analysis. Magnetic properties were evaluated through hysteresis loop measurements and magnetoimpedance analysis. The
results show that the incorporation of phosphorous in multilayer coatings affects the co-deposition of cobalt-nickel, leading
to observable changes in microstructural features and magnetic behaviour compared with monolayer alloys. In particular,
Co-Ni-P/Zn multilayer coating exhibits dependence of impedance on the applied magnetic field.
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1. INTRODUCTION

Magnetic alloys and multilayers grabbed
attention for several years because of their soft magnetic
properties and their magnetic field sensing properties.
Among various magnetic-field-sensitive phenomena,
such as magnetoresistive effect and Hall effect, the giant
magnetoimpedance (GMI) effect is extremely promising,
displaying large impedance variations in soft magnetic
materials under low magnetic fields. The GMI effect has
been observed in cobalt-rich amorphous microwires,
nanowires, thin films, ribbons, multilayers, bulk, and
nanocomposites, making them suitable for sensing
magnetic fields. Experimental studies on cobalt-based
nanostructures revealed high sensitivity, low cost, fast
response, low power consumption, and room-
temperature operation. Hence, GMI effect-based
magnetic sensors can be widely applicable in direction
sensors, industrial and mining tools, nanoparticle
detection, and biosensing systems (Zhukov et al. 2016;
Oktaria ef al. 2020; Da Silva et al. 2022; Liu et al. 2023;
Gonzalez et al. 2025; Hrakova et al. 2025; Sammut and
Calvi, 2025).

Alloys as monolayer and multilayer coatings
were widely studied with the combination of many
magnetic and non-magnetic elements (Sziraki et al. 2010;
Shorowordi et al. 2017). Normally, these monolayer and
multilayer alloys are prepared by evaporation, sputtering,
and electrodeposition techniques (Sundaram et al. 2011;

Tsyntsaru, 2016). Because of their complexity in
fabrication, multilayer alloy coatings generally demand
many parameters that need to be controlled and
maintained. In particular, the formation of sequential
layers and the incorporation of non-magnetic elements
strongly encourage the nanostructure formation in the
multilayers. Among other deposition techniques, the
electrodeposition technique is regarded as the best
method for preparing multilayers since it offers good
control in sequential layer formation and purity (Landolt,
2002). The method also provides better physical
properties such as corrosion resistance, magnetic
properties, and electrochemical properties. Frequently,
magnetic elements like cobalt, nickel, and iron-based
alloys have been widely studied as binary, ternary, and
multicomponent alloys with many non-magnetic
elements to exploit their potential in supercapacitors,
Hall effect sensors, and micro-electro-mechanical
systems (MEMS) based on their microstructural and
magnetic properties (Wang et al. 2010; Manimaran et al.
2018; Kalyani and Emerson, 2019; Zhang et al. 2019). To
attain better electrochemical performance and magnetic
properties, non-magnetic elements like tungsten,
manganese, aluminium, copper, platinum, (Emerson et
al. 2007) zinc (Liu et al. 2009; Pouladi et al. 2012;
Shakoor et al. 2014; Tomic and Petrovic, 2015; Assaf et
al. 2015) and phosphorous (Myung et al. 2003) were
electrodeposited with these ferromagnetic elements. In
contrast to monolayer alloy coatings, multilayer coatings
are often deposited using alternating magnetic and non-
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magnetic elements, such as Co/Cu, Fe/Cr, which are
known to exhibit giant magnetoresistance (GMR). Such
magnetic properties of these multilayers are making them
suitable for applications such as magnetoresistive sensors
(Ross, 1994; Tokarz et al. 2010; Esmaili and
Bahrololoom, 2012). This kind of multilayer was
reported through two different methods, which are named
single bath and dual bath techniques. Multilayers
prepared using dual bath technique offer better
uniformity in layer formation (Ross, 1994).

Electrodeposition of zinc incorporated magnetic
alloys with Co, Ni, and Fe has been widely reported.
These zinc-incorporated alloys with binary combinations
have better anti-corrosive properties. So far, multilayer
coatings consisting of cobalt and nickel have been
prepared with single-bath and dual-bath
electrodeposition techniques (Ross, 1994). However,
zinc incorporated multilayers with the magnetic elements
have been less reported. In the present work, the magnetic
behaviour of the electrodeposited binary Co-Ni alloys,
ternary Co-Ni-Zn alloys, and their multilayers with and
without the inclusion of phosphorous has been compared
and reported. The progression of the microstructure in
zinc-incorporated monolayer and multilayer alloys was
studied utilising an X-ray diffractogram. Elemental
constituents and morphology in both alloys were
investigated and confirmed using Energy Dispersive X-
ray analysis (EDAX) spectrum and Field Emission
Scanning Electron Microscopy (FE-SEM) micrographs.
Cross-sectional micrographs have been used to verify the
multilayer  formation in the zinc-incorporated
multilayers. Microhardness values of the binary, ternary,
and multilayers have been studied with the help of the
Vickers hardness method. Magnetic properties of the
prepared samples were investigated using a hysteresis
loop (M-H loop) with the help of a vibrating sample
magnetometer at room temperature.

2. EXPERIMENTAL METHOD

Cobalt-based magnetic alloy coatings as
monolayer and multilayer were electrodeposited by the
galvanostatic technique. Chloride and sulphate-based
electrolytes are commonly used in electrodeposition.
However, chloride-based electrolytes generally yield
deposits with higher metal content than sulphate bath,
particularly in the case of Co and Ni deposition (Emerson
et al. 2007; Manimaran et al. 2018; Kim et al. 2003).
Hence, to attain cobalt and nickel-rich composition, both
multilayers and monolayer alloy coatings were
electrodeposited at room temperature using chloride-
based electrolytes, which consisted of cobalt chloride,
nickel chloride, potassium chloride, and zinc chloride.
For the Co-Ni binary alloy deposition bath, a
composition of 0.2 M of cobalt chloride, nickel chloride,
and boric acid was used. The role of boric acid in the
electrolyte is to stabilise the pH in the solution
(Mtynarek-Zak et al. 2025). The chosen chloride salts

were dissolved in DI water. Copper sheets were used as
the substrate, which were cleaned by acid dipping
followed by an ultrasonic cleaning process.

2.1 Deposition of Co-Ni and Co-Ni-Zn Monolayer
Alloys

Electrodeposition of a monolayer was
performed at a current density of 10 mA/cm? for 30
minutes. This was selected as the optimum current
density for uniform deposition. Lower current densities
result in slow deposition and non-uniform layers, while
higher current densities promote rapid growth, causing
roughness and poor adhesion. The chosen current density
balances deposition rate and ensures uniform monolayer
formation. The Co-Ni-Zn deposition process was carried
out using the listed chemicals in Table 1 at different zinc
chloride concentrations (0.1 and 0.2 M). The deposition
was carried out using the typical electrodeposition setup
in which the cleaned copper plate (1.5 x 5 cm) was used
as the cathode, and the cleaned nickel rod (1.5 x 5 c¢cm)
was used as the anode. After the deposition process,
substrates were carefully removed from the bath, and the
surface residues on the substrates were removed by
washing with DI water.

Table 1. Bath composition used for Co-Ni-Zn monolayer

alloy deposition
Monolayer Concentration Ingredients in Bath
Alloy
Cobalt chloride
Co-Ni-Zn 02M Nickel chloride

Boric acid
Potassium chloride

0.1 (or) 02 M Zinc chloride
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2.2 Deposition of Multilayers

Co-Ni/Zn and Co-Ni-P/Zn multilayers were
deposited on the copper substrate using a dual bath
technique, from two separate electrolyte baths (Podlaha
et al. 2007). Similar to monolayer, multilayers were also
deposited on the cathode (Cu plate) using nickel as the
anode. It was placed in a specially designed holder, which
makes the manual transfer very simple. The dual-bath
deposition process used for multilayer preparation is
illustrated in Fig. 1, and the bath composition used for the
deposition is given in Table 2.

Conventionally, phosphorous-doped alloys
exhibit good refinement in microstructural and
compositional characteristics, which eventually play a
vital role in magnetic properties. In the present work,
doping of phosphorous content at a low percentage in the
multilayer was achieved by adding sodium
hypophosphite to the Co-Ni bath (Cojocaru et al. 2010).
In multilayer deposition, the thickness of each layer is
primarily controlled by the deposition time in each
electrolyte bath, while the current density further
regulates the final multilayer structure. Unlike
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monolayer, multilayer deposition was carried out in
different current densities, 10 mA/cm? for bath-1 and 5
mA/cm? for bath-2. In the multilayer deposition process,
the zinc layers were deposited at a low current density.
When the current density for zinc deposition is increased,
zinc layer becomes thick and has poor adhesion.
Therefore, zinc deposition was performed at low current
density to maintain controlled and adherent layer
formation. Deposition of individual layers is attained by
transferring the substrate over two baths, while the
substrates were dipped in DI water to remove deposition
residues in the sequential layers. After the completion of
multilayer deposition, the substrates were washed with
DI water as mentioned earlier in monolayer deposition,
and then characterized.

Rinsing
in

DI water

Co-Ni (or)
Co-Ni-P

Co-Ni (or) Co-Ni-P Iaer
I:> Co-Ni (or) Co-Ni-P layer
Zn layer
layer Deposition

Deposition

Rinsing
in
DI water

2019). The total element percentage of Co and Ni in the
multilayer was better for both multilayers compared to
monolayers. The zinc element percentage in multilayers
was found to be nearly 20-35 %. This reduction is due to
the enriched Co-Ni layer deposition compared to Zn
layers. At the optimised current density, Co and Ni show
faster kinetic reduction rates than Zn, so the available
cathodic current is preferentially directed to Co and Ni-

rich alloy formation, leading to suppressed Zn
deposition.

0 2 4 6 8 10 12 14 16 18 2
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Fig. 2: EDAX spectrum of Co-Ni alloy

Fig. 1: Electrodeposition process of multilayers

Table 2. Bath composition used for multilayer deposition

Ingredients in Bath-1 Ingredients in

Multilayers 0.2M) Bath-2 (0.1M)
Co-Ni/Zn Cobalt chloride Zinc chloride
Multilaver Nickel chloride Potassium chloride

uitriaye Boric acid Boric acid
Cobalt chloride Zinc chlorid
Co-Ni-P/Zn Nickel chloride e chioride
. . . Potassium chloride
Multilayer Sodium hypophosphite .
. . Boric acid
Boric acid

3. RESULTS AND DISCUSSION

3.1 Chemical Composition in the Deposited
Layers

To define the elemental composition of the
electrodeposited samples, EDAX analysis was carried
out for the coatings prepared from the optimised
operational parameters. EDAX analysis was performed
on the top surface of the electrodeposited coatings, which
is the side facing the anode and represents the
functionally active area. Fig. 2 — 5 show the EDAX
spectrum of the electrodeposited alloy coatings. All the
samples were found to have relevant elements with
oxygen formation; the presence of oxygen in the coatings
was contributed by the electrolytes. The presence of
copper peaks was observed due to the usage of copper
substrates (Resali et al. 2013; Kalyani and Emerson

J T
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Fig. 3: EDAX spectrum of Co-Ni-Zn alloy deposited from the
bath with 0.1M zinc chloride concentration

3.2 Morphological Analysis

Morphological variations in the
electrodeposited alloy coatings were studied using
FESEM micrographs. Fig. 6 (a-c) shows the micrographs
of monolayer alloys. Co-Ni alloy coatings exhibit strong
dendritic structures. Co-Ni-Zn alloy coatings prepared
from the bath with 0.1 M zinc chloride concentration
were found to be uniform and crack-free deposits. Fig. 6
(b) reveals the deposition of fine-granules and dense
deposits in the monolayer. When the same combination
was deposited as Co-Ni/Zn multilayer, the micrographs
confirm the development of flake-like structure and
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confirm the deposition of less dense zinc layers over the
Co-Ni layers (Fig. 7(a)). The zinc layer is identified by
its characteristic flake—like morphology, which contrasts
with the finer texture of the Co-Ni layer. Cross-sectional
micrograph of Co-Ni/Zn is shown in Fig. 7(b) which
shows uniformly formed individual layers. Morphology
of phosphorous influenced Co-Ni-P/Zn multilayer (Fig.
8(a)) indicates the deposition of a uniform Co-Ni-P layer
and much larger zinc particles than the Co-Ni/Zn
multilayer, which results in the formation of large
particles. As can be seen from the figures, all the coatings
were completely covered over the substrate without any
pores. Additionally, in both multilayers, zinc layers have
less homogeneity than the Co-Ni and Co-Ni-P layers.
Although Zn is deposited at a lesser current density, even
a minor surge in its deposition rate can produce uneven
growth, making the Zn layer inhomogeneous above the
Co—Ni layer. The Zn layer seems less dense and less
homogeneous on the Co-Ni-coated substrate because the
different current densities used for each layer change the
nucleation rate of the Zn layer. Cross-sectional
micrograph of Co-Ni-P/Zn multilayer is shown in Fig.
8(b), which shows that all the individual layers were
formed uniformly. In phosphorous-doped layers, the Zn
layers were detectable much more easily than in
multilayers prepared without phosphorous.

Full Scale 29668 cts Cursor: 0.000

Fig. 5: EDAX spectrum of Co-Ni-P/Zn multilayer
3.3 Structural Characterization

To highlight the possible variations in structural
properties, X-ray diffraction analysis was done on the
electrodeposited samples. Fig. 9 (a — d) shows the XRD
pattern of Co-Ni, Co-Ni-Zn alloys, and multilayers
attained at the optimized deposition parameters. The
obtained data from the XRD pattern confirm that the
incorporation of zinc in Co-Ni-Zn improved the
crystalline nature compared to the Co-Ni binary alloy.
However, in the Co-Ni/Zn multilayer, a slight variation
was observed in the crystalline nature, which shows a
milder amorphous nature than the Co-Ni-Zn monolayer.
The diffraction peaks were indexed to mixed phases, with
dominant reflections from the (200) and (220) planes in
monolayer and multilayer alloys, which correspond to the
20 value of 50° and 74°. Multilayer samples have mixed
FCC and HCP phases. The XRD pattern in Co-Ni-P/Zn
shows distinct diffraction peaks corresponding to the
(111), (200), and (220) planes. Peak narrowing in the
(200) and (220) planes indicate improved crystallinity.
The grain size of the prepared coatings was estimated
using the Scherrer formula (Table 3) and was found to be
in the range of nanometers. Grain size of the Co-Ni-P/Zn
multilayer coatings was found to be increased due to the
deposition of zinc at a high deposition rate over the Co-
Ni-P layer, which leads to large particle formation.

HT = 10.00 kV

EHT = 10.00 kV
WD = 5.7 mm

Signal A = SE2

Mag = 10.00 KX Time :10:44:14

Fig. 6 (a): FE-SEM micrographs of the Co-Ni alloy
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JOosm EHT = 10.00 kV Signal A = SE2 Date:18 Sep 2021 EHT = 10.00 kV Date:18 Sep 2021
WD = 7.9 mm Mag= LOOKX Time :12:31:25 WD - 7S mm Time:12:35:12

Fig. 6 (b): FE-SEM micrographs of the Co-Ni-Zn alloy deposited from the bath with 0.1 M zinc chloride
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WD = 8.2 mm Mag= 10.00KX Time :12:29:11
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Fig. 7 (a): FE-SEM micrographs of the Co-Ni/Zn multilayer

3.4 Magnetic Studies incorporation was achieved in monolayer coatings, the
M-H response gives a higher saturation than other zinc-

Magnetic properties of the prepared samples incorporated coatings. However, the coercivity was

were investigated using an M-H loop with a vibrating found to be improved for multilayers. Due to the
sample magnetometer at room temperature (Fig.10 (a —  development of well-defined large particles (Fig. 8 (a))
¢), 11(a & b), Table 4). It is well known that the magnetic ~ with good crystallinity, the coercivity of the samples was
properties of a magnetic alloy are highly dependent onits  drastically improved to 1065 Oe for Co-Ni-P/Zn
microstructure. In the present work, the Co-Ni-Zn multilayer compared to Co-Ni/Zn multilayer with 291
monolayer prepared from the bath with 0.2 M zinc Oe. The Co-Ni-Zn monolayer alloys exhibit high
chloride exhibits an abrupt soft magnetic nature, due to  magnetic saturation values because of their well-
the dominance of Ni and Zn content. Except for these  developed crystalline structure, but their coercivity
coatings, all other coatings exhibit improvement in remains low since the larger grains provide restricted
coercivity compared to Co-Ni alloys. When zinc barriers to domain-wall motion. In contrast, the
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phosphorous incorporated multilayers exhibit higher
coercivity because phosphorous leads to cobalt, nickel
co-deposition and the formation of finer grains, which
enhances the magnetic hardness in Co-Ni-P/Zn
multilayers. Similar to previously reported works,
ferromagnetic behaviour in all alloy coatings was found
to be dependent on their elemental composition and
microstructural properties. (Byun ef al. 1993; Emerson et
al. 2007; Sun et al. 2011).

Fig. 7 (b): FE-SEM cross-sectional micrographs of the Co-
Ni/Zn multilayer

Table 3. Structural properties of the monolayers and

multilayers
Sample Grain Size (nm)
Co-Ni monolayer alloy 15
Co-Ni-Zn monolayer alloy (0.1 M zinc) 21
Co-Ni/Zn multilayers 13
Co-Ni-P/Zn multilayers 20

3.5 Hardness properties

The microhardness of the electrodeposited
samples was analysed with the help of a microhardness
tester. Table 5 presents the microhardness of the
electrodeposited alloys and multi-layered alloy coatings.
It can be observed that the microhardness value of the
Co-Ni binary alloy was 148 VHN. In zinc incorporation,
the microhardness was decreased to 118 VHN. This
reduction is due to the addition of zinc in Co-Ni elements.
In phosphorous-added multilayers, this was steadily
improved to 121 VHN. In CoNiP/Zn multilayers,
phosphorous increases hardness by refining the layer
structure and strengthening each layer, making the
overall multilayers more rigid. When the multilayers
were subjected to microhardness evaluation, the diamond
indenter used for the analysis had gone through a
different number of layers than monolayers, which shows
that hardness values were also dependent on the number
of layers and the elements in a sample (Panagopoulos e?
al. 2019). In this present work, the hardness values were
highly reliant on the alloying element (Zn), which

reduces the hardness values in ternary alloys and
multilayers compared to Co-Ni alloys.

T SR 5,
Date :18 Sep 2021
Time :12:36:29

Signal A = SE2

WD = 7.7mm Mag= 1.00KX

EHT = 1000kV
WD = 7.7 mm

Signal A = SE2
Mag= 1000 KX

Time :12:35:19

Fig. 8 (b): FE-SEM cross-sectional micrographs of the Co-Ni-
P/Zn multilayer

Table 4. Magnetic properties of the monolayers and

multilayers
St M, M; Coercivity
emu emu Oe
Co-Ni alloy 0.16643 0.39110 214
Co-Ni-Zn Monolayer Alloy
0.1 M zinc 20.153 x 10°  58.762 x 1073 226
0.2 M zinc 646.05 x 10°  8.6910 x 1073 114
Multilayers
Co-Ni/Zn 22476 x 10°  42.056 x 1073 291
Co-Ni-P/Zn 43761 x 10°  28.561 x 10° 1065
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Fig. 9 (a) XRD pattern of the Co-Ni alloy (b) XRD pattern of the Co-Ni-Zn alloy deposited from the bath with 0.1 M zinc
chloride (c) XRD pattern of the Co-Ni/Zn multilayer and (d) XRD pattern of the Co-Ni-P/Zn multilayer
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Fig. 10 (a): Hysteresis loop of the Co-Ni alloy
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Fig. 10 (b): Hysteresis loop of the Co-Ni-Zn alloy deposited
from the bath with 0.1 M zinc chloride
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Fig. 10 (c): Hysteresis loop of the Co-Ni-Zn alloy deposited
from the bath with 0.2 M zinc chloride concentration
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Table 5. Hardness properties of the monolayer and

multilayers
Alloys Vickers Hardness (VHN)
Co-Ni Monolayer 148
Co-Ni-Zn Monolayer (0.1 M Zn) 118
Co-Ni/Zn Multilayer 117
Co-Ni-P/Zn Multilayer 121

3.6 Magnetoimpedance Studies

The magnetic sensitivity of the electrodeposited
samples was confirmed by analyzing their
magnetoimpedance properties. Fig. 12 shows the
experimental setup used for magnetoimpedance. The
magnetoimpedance analysis was performed by placing
the electrodeposited samples with the dimensions of 1.5
x 5 cm inside a solenoid coil, which was magnetized
using an external current source. It was positioned
parallel to the applied magnetic field during the
measurement. An impedance analyzer measured the
impedance (Z) of the samples. The frequency of the A.C.
current was kept constant, and the applied magnetic field
(through solenoid coil) was varied to observe the
deviation of impedance (Z) concerning the applied field.
The magnetic field was applied to the sample in the range
of 10-200 Oe at room temperature, where the A.C.
driving frequency for the measurement was constantly
maintained as 200 kHz. Fig. 13(a-d) show the
magnetoimpedance response of the electrodeposited
sample for the applied magnetic field. From this, it is
evident that the samples were magnetically sensitive in
nature and impedance values were gradually decreasing
as the magnetic field was increased. In the Co-Ni-P/Zn
multilayer, the impedance values show a maximum
deviation of 11 %. The magnetoimpedance response
obtained in this study is consistent with previously
reported responses for cobalt-based systems and it can be
a potential candidate for magnetoimpedance sensors
(Nishibe et al. 2000; Ribeiro et al. 2016; Xiang et al.
2019; Lopez et al. 2024).

220210
Current Source
F=200Khz
(XX X}

[
=

Sample Solenoid

Fig. 11(b): Hysteresis loop of Co-Ni-P/Zn multilayer

239

Fig. 12: Schematic representation of the experimental setup
used for magnetoimpedance (MI) measurement



Antonyraj Kanthiah et a/ / J. Environ. Nanotechnol., Vol. 15(1), 232-242 (2026)

_—=—Co-Ni
0.320
031l (@) uy
/ \
0.316 - ;oA
y "y
0.314 | f \u
) \ =
= 0312 L=
S e '\ 3
8 0310 | o \ c
c - = ®©
k- / \ 3
© 0.308 | - L. 8
Q / \ E
£ [ 4 =
= 0.306 - o |9
0.304 |- / \..
0.302 - .'r’ .y
0.300 1 1 1 1 1
-200 -100 0 100 200
Maanetic Field (Oe)
—a— Impedance OF ZNCN MUL
0.375
©
0.370 -
..ﬁ“.-
" "
0.365 |- .-/ \-.
] -
z o .
o 0.360 |- v \
o / \
; I \
el
[0}
8 0.355 -
: i B
0.350 |- - -
/ \
I- .I
0.345 -
1 1 1 1 1
-200 -100 0 100 200
Magnetic Field (Oe)

—a— Impedance of Co-Ni-Zn
0.375
(b) .
0.370 |- [ ] \I
/0
" "
o h\
0.365 |- /-/ "
.‘I I\
|}
L}
0.360 ."f \_.
././ \.\
0.355 " R-
.r'/ \'».
0.350 - o .
1 " 1 " 1 " 1 i 1
-200 -100 0 100 200
Magnetic Field (Oe)
—s— |mpedance of P doped multi laye
037 F (d)
| ]
/)
036 | & S
f/ \
C o35t / \
8 J \
(s}
/ \
g 0.34 |- f
E -~
033 /'{ .“\
' "
o S
032 |
1 1 1 1 1
-200 -100 0 100 200
Magnetic Field (Oe)

Fig. 13: Magnetoimpedance properties of electrodeposited (a) Co-Ni alloy (b) Co-Ni-Zn alloy from the bath with 0.1 M zinc
chloride (c) Co-Ni/Zn multilayer (d) Co-Ni-P/Zn multilayer

4. CONCLUSIONS

Co-Ni, Co-Ni-Zn monolayer and Co-Ni/Zn, Co-
Ni-P/Zn multilayer coatings were successfully fabricated
using the electrodeposition technique. The inclusion of
phosphorous in multilayers enhanced cobalt and nickel
co-deposition, resulting in multilayers with improved
microstructural uniformity and improved magnetic
performance. Compared to monolayer and binary alloys,
CoNiP/Zn multilayers exhibit higher coercivity (1065
Oe) and better overall magnetic characteristics. The
magnetoimpedance analysis further confirms that Co-Ni-
P/Zn multilayers exhibit distinctly higher impedance
variation (11%). These improvements distinguish the
developed multilayers from previously reported
electrodeposited Co-Ni-based alloys.

Due to their improved magnetic properties, the
Co-Ni-P/Zn multilayers prepared in this work show
strong potential for use in magnetoimpedance-based
sensors. Future work may explore the long-term
magnetic ageing and stability to evaluate the durability
and reliability of the multilayers for magnetoimpedance
sensor applications.
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