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Abstract: The aluminum (Al) alloy AA7075 is widely used in
various industries due to its high strength-to-weight ratio,
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which is comparable and replaceable to steel in many
applications. However, it has poor resistance to wear and
corrosion compared to other Al alloys. The conventional
pressure die coating with Cr and cadmium has led to pre-
mature failure while the load is applied. It is indeed to
develop a novel coating method to improve the mechan-
ical, wear, and corrosion properties of AA7075 Al alloy. In
the present investigation, the binary and ternary metals
such as zinc—nickel (Zn-Ni), zinc—cobalt (Zn—Co), and nickel-
chromium-cobalt (Ni-Cr—Co) are electroplated on the sub-
strate material (AA7075). In order to ensure optimal
coating adhesion, the surface of the substrate material
was pre-treated with laser surface treatment (LST). The
mechanical and corrosion studies have been carried out
on the uncoated and coated materials. It is observed from
the findings that the ternary coating has higher wear resis-
tance than the binary-coated material. The ternary coating
has 64% higher resistance in the non-heat-treated status
and 67% higher resistance in the heat-treated condition
compared to the uncoated specimens. The tensile strength
(MPa) of Ni-Cr—Co on AA7075 pressure die casting (PDC) is
higher than the other deposits (582.24 of Ni-Cr-Co > 566.07
of Zn—Co > 560.05 of Zn—Ni > 553.64 of uncoated condition).
The presence of a crystalline structure with the high align-
ment of Co and Ni atoms could significantly improve the
corrosion resistance of Ni-Cr-Co coatings on AA 7075 PDC
substrates when compared to binary coatings. The scanning
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electron microscopy (SEM) images, X-ray diffraction (XRD),
and X-ray photoelectron spectroscopy findings on the coated
materials have been corroborated with the analyses on
mechanical and corrosion properties. The XRD analysis of
the Zn-Ni binary coating has reported that the diffraction
peaks of y-NiZn; (831), y -NiyZny; (330), and 631 with 20 values
38, 43, and 73° are confirming the presence of Zn-Ni binary
deposit on AA7075 PDC substrate. The XRD pattern of Zn—Co-
coated material has revealed that the presence of three
strong peaks such as Zn (110), Co (111), and CoZn (211) and
two feeble peaks such as e-CoZns (220) and e-CoZn; (301) are
clearly visible. The XRD pattern of Ni-Cr—Co ternary coating
has exhibited that the Ni—Cr—Co ternary deposit is a solid
solution with a body-centered cubic structure due to the
formation peaks at lattice plane such as (110), (220), and
(210) with a crystal lattice constant of 2.88 A°. The SEM image
for both the binary- and ternary-coated materials has exhib-
ited that the deposited surface has displayed many shallow
pits due to hitting by progressive particles. The SEM image
has illustrated the presence of Zn-Ni atoms with smaller glob-
ular structure. The surface morphology of binary Zn-Co
coating on the PDC AA7075 substrate has unveiled the evenly
distributed dot-like structure and submerged Co particles in
the galaxy of Zn atoms. To understand the effectiveness of
bonding by laser texturing, cross-section SEM has been carried
out which furthermore revealed the effective adhesion of
Ni-Cr-Co on AA7075 PDC; this could also be the reason for
the enhancement of microhardness, wear, and corrosion resis-
tance of the said coating.

Keywords: electro-deposition, AA7075, micro-hardness, cor-
rosion, tensile strength, wear

1 Introduction

Aluminum (Al) alloys are versatile, less expensive, and
widely used materials. They are relatively light, highly duc-
tile, and can be easily formed into thin foils for wrapping
in many engineering applications [1]. Significant improve-
ment was achieved in the mechanical properties of the
advanced 2xxx and 7xxx series Al alloys due to continuous
research [2]. Though the alloys find their applications in a
wide spectrum of industries, they face many limitations
and at times fail prematurely. Some of the reasons for
premature failure are (a) the lack of required properties
in metal alloys (low hardness, low melting point suscep-
tible to stress corrosion cracking) [3], (b) the adverse effect
of alloying elements [4], (c) the residual stresses, porosity,
and dendritic structure of cast products (the defects that
are formed during the manufacturing processes) [5], and
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(d) the cracks caused by residual stresses or cold shuts in
the component during solidification and cooling [6]. Por-
osity is a severe defect found commonly in pressure die
casting (PDC) due to turbulence in injected molten metal
and poses a severe problem in the case of pressure vessels
as well as structural members [7].

The formation of porosity is due to two common rea-
sons. They are shrinkage during solidification and gas or
air entrapment due to the material-processing environ-
ment [8]. The life span of Al alloy parts can be extended
by coating techniques, which enhance their mechanical
properties and corrosion resistance properties [9]. Hydrogen
embrittlement is a common defect in the Zn-based alloy elec-
trodeposition [10]. This leads to deterioration in mechanical
properties of coated material and causes stress corrosion
cracking [11]. Electrodeposition on Al decreases wear to the
possible extent. But for better results, reinforcement of micro-
sized metallic or non-metallic particles in metal plating can be
adopted successfully [12]. The co-deposition of homogeneous
micro-size particles is not practical because the tendency of
micro-particles to get agglomerated is very high [13]. Non-
homogeneous electro co-deposition results in the reduced
wear resistance of the coated substrate. Hence, thorough
research is needed to obtain uniform reinforced particle dis-
tribution with non-agglomeration conditions, which makes
the coatings harder and more wear-resistant. Direct current
(DQ) is usually applied in coating processes [14].

Only a few research works have been carried out to
find the influence of pulsed current on electro co-deposi-
tion. Both DC and alternating current parameters should
be analyzed and kept under control to achieve maximum
thickness and homogeneity in distribution and to find the
suitability of the electrodeposition method. By sediment co-
deposition method, Ni with Al particles was deposited on
AA 7072, and the adhesive strength of the coatings was
estimated by adhesion test [15]. The chemical and phase
compositions and surface morphology are independent of
current density in the case of zinc-nickel (Zn-Ni) coating
on austenitic steel [16]. The Zn—Ni coating is a substitute for
cadmium coating as it is highly toxic. The conditions for the
occurrence of normal or anomalous co-deposition accom-
panied by the enrichment of Ni or Zn were determined
from the results obtained in a study of the influence
exerted by the solution composition of co-deposited metals.
The process parameters selected for the study were the
potential difference, current density, deposition rate, and
Zn-Ni film’s chemical composition. It has opened up the
opportunities for varying the Ni content in the coatings
from less than 2 to 90% [17]. The alloy of 0.1% C and 13%
Cr stainless steel has the maximum anti-pitting properties
in the corrosion mechanism when comparing various
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coatings [18]. Researchers found that the coatings of stain-
less steel were found to be more stressed than Cr coatings.
Further, the thickness of the coating is directly propor-
tional to the duration of plating and it decreases with
gap distance. The dependency of these parameters leads
to optimizing the electrode gap for maximum coating
thickness [19]. The need for a material or coating with
higher corrosion resistance and a lesser production cost
led researchers to develop a new type of protective coating
on metal, adhering to the present strict pollution regula-
tions. Zn-Ni alloy coating of various compositions and
different thicknesses on steel with both chromated and
non-chromated conditions was done and examined. It is
found from the results that the salt spray alloy coating of
15-18% Ni replaces the deposit of Zn and cadmium [20].

Li et al investigated Al-graphene composite coatings
prepared from the organic solvent solution system of AlCl;
and LiAlH, dissolved in tetrahydrofuran by electrodeposi-
tion technique. They have reported that the mechanical
properties of the Al-graphene composite coating on Al
matrix have improved four times than the pure Al coating,
which are attributed to the prominent mechanical strength
and self-lubrication effects of graphene [21].

The electroplating of Ni-Cr and Ni—Cr-SiC depositions
was developed on aircraft parts to improve the resistance
to wear and corrosion properties [22]. The agglomeration
of silicon carbide (SiC) in the Ni-Cr electroplating process
has led to a porous structure in the coating that causes the
failure of AA7075 PDC when a high load is applied. The
aircraft AA7075 PDC components subjected to the saltwater
environment were degraded by aggressive corrosion
reaction with the corrosive medium [22]. The uncoated
AA7075 PDC has high internal stress, which is vulnerable
to the tensile strength and corrosion resistance of Al alloys
[23]. It is imperative to develop surface coatings as an alter-
native to Ni-Cr and Ni-Cr-SiC deposition on AA7075 PDC
that can be used in aircraft PDC Al alloy parts with less
porosity [24].

It was found that the corrosion behavior of the Zn-Ni
alloy coating was affected by the addition of Ni content
from 10 to 25 g/L in step 5 of the study by Farooq et al.
[25]. As a result of adding 25g/L Ni to the Zn-Ni alloy
coating, the corrosion rate decreased approximately four
times, indicating that the Zn-Ni coating is behaving as a
sacrificial dissolving agent.

Using chronoamperometry, impedance spectroscopy,
and electron microscopy, the microstructural evolution
of the Zn-Ni coatings in moderately alkaline NaCl solution
under slightly anodic polarization can be studied. Vucko
et al reported that the tensile stress release due to Zn
dissolution quickly led to the development of a mud-crack
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pattern in the coating, enabling oxygen reduction reaction
to occur on the substrate [26].

Crasta and Shetty explored the effects of NaF additive
concentration and treatment time on trivalent chromate
coating, which has been developed as an alternative to
hexavalent chromate coating; NaF additive concentration
enhances the rate of film formation and decreases the cor-
rosion rate [27].

Bae et al. studied the effect of the epichlorohydrin and
imidazole (EI) polymer on the deposition behavior of the
Zn-Ni alloy and found that the EI polymer decreases the
transition current density due to the suppression of both
Zn and Ni depositions thus causing the corrosion potential
to shift to a noble direction [28].

Laser surface texturing (LST) is one of the promising
techniques to create surface roughness for better bonding
adhesive strength [29]. LST is an inexpensive, highly flexible,
and suitable absorption-type wavelength made by “CETAC
LSX-200” and is well suited for surface texturing [30].

It has been evident that Zn has better wettability char-
acteristics, thus improving interfacial bonding characteristics
between the coating and the substrate, thereby increasing
“mechanical strength,” “corrosion resistance,” and “tribolo-
gical characteristics.” As Zn has improved “wettability
characteristics,” it is advisable to use hard materials as
“secondary-phase materials” in “composite coatings” (e.g.,
“carbides”: “silicon carbide” and “tungsten carbide”; “oxides”:
“iron oxide,” “zirconium dioxide,” “aluminum oxide,” “tita-
nium dioxide,” and “silicon dioxide”). These materials pro-
vide remarkable “hardness,” “corrosion resistance,” “wear
resistance,” and “high-temperature oxidation resistance” for
a wide range of industrial components [31-33].

Al, which is commonly used in aerospace applications
due to its corrosion resistance, does not possess an ade-
quate wear resistance on its own. In practical applications,
it is therefore necessary to improve the surface properties.
The characteristics of Zn make it an excellent corrosion-
resistant coating material. Zn coatings offer excellent field
performance due to their ability to form thick, adherent
corrosion films and a corrosion rate that is significantly
lower than those of ferrous materials [34]. PVD magnetron
sputtering technique was used to coat “titanium nitride
(TiN)” on “aerospace Al7075-T6” in various circumstances.
It was found that the hardness of TiN-coated specimens
exceeded 720 HV, compared to only 170 HV for uncoated
specimens [35]. A significant increase in fatigue life is
observed in coated specimens as a result of the presence
of residual compressive stresses. As a result, fatigue strength
was improved by as much as 30% [36]. The fatigue strength
of deposited materials is strongly influenced by the proces-
sing parameters and the deposit material. A Taguchi
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optimization method has shown improvements in surface
hardness, adhesion, and surface roughness for coated sam-
ples [37]. Several research works suggest that coated speci-
mens have an improved fatigue life when compared to
uncoated specimens. In the aerospace and automobile
industries, particularly where human safety is involved,
fracture-based designs are most reliable and useful. Addi-
tionally, they are helpful for estimating the component’s
life span. As a result of the addition of Zn to Al a heat
treatable alloy with the highest strength can be produced,
which is suitable for structural applications.

No significant reports could be found to obtain the
surface finish for AA7075 PDC with improved mechanical
properties that cater to the bulk properties of AA7075 PDC.
The formation of the dendritic structure during solidifica-
tion leads to deterioration in the mechanical properties of
AA7075 PDC. The reason behind the selection of AA7075
PDC is to study the improvement of its performance in
automotive and aircraft applications. The AA7075 high-
strength Al alloy has many attractive properties such as
low cost and high machinability and is most commonly
used in aircraft structures. The alloying elements Zn, Cu,
and Mg deteriorate corrosion resistance, thereby decreasing
the life of aircraft structures. It is a well-known fact that
during a typical aircraft operation, an aircraft is exposed
to diverse environments owing to humid air, rain, heat, oil
and hydraulic fluids, and seawater. Although the thickness
of the deposition was found to be above 200 um. As a result
of the agglomeration of SiC during the electroplating pro-
cess, Ni—Cr also becomes aggregated. When a high load is
applied to Al-7075 PDC, a porous structure is formed within
the coating. This leads to failure of the coating when a high
load is applied. In order to address the aforementioned pro-
blems, the present investigation fulfills the research gap and
finds a suitable solution. The present research work is
focused to develop a novel electrodeposition of binary and
ternary coatings by LST on AA7075 PDC material for the
enhancement of hardness and tensile strength and wear
and corrosion resistance of substrate material to lengthen
the life span of AA7075 in actual applications. The optimized
parameters have been used for the surface coatings on
AA7075 PDC in the present study.

2 Materials and methods

The Al alloy AA7075 (Al-5.8Zn-2.4Mg-1.5Cu-0.24Fe-0.2Cr) has
been used as a substrate material in the present investiga-
tion [1,15,35,37]. The thickness of 60 um is maintained for
all the coatings and specimens subjected to various tests,
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which is the requirement for industrial applications. LST of
substrate material was used for electrodeposition of coat-
ings on AA7075 alloy. It is a known fact that the LST method
of coating improves the adhesion of coating material with the
substrate material. LST has promisingly improved the hard-
ness, tensile strength, and resistance to wear and corrosion
also. A suitable absorption-type wavelength created by the
CETAC LSX-200 equipment was used for the LST, as it is inex-
pensive and highly flexible. Argon gas has been used as a
shielding gas during the laser exposure. A pulsed laser with
an optimized parameter of 1,064 mm wavelength capable of
developing pulses of 25ns at 309 um with a focal length of
550 mm had been used to create a slit of the rectangular shape
of 18 x 5 mm? Both binary and ternary coatings were applied
using electrodeposition on the LST-created surface of the
substrate material. The scanning electron microscopy
(SEM) image of the surface of substrate material after
the application of LST is shown in Figure 1.

Zn-Ni and zinc—cobalt (Zn—Co) binary coatings were
considered for the present work. Nickel-chromium-cobalt
(Ni-Cr—Co ternary coating was also used and compared for
novel coating methods. The plating parameters that affect
the quality of electrodeposits such as pH and temperature
of electrolyte bath, current density, duration of the plating
process, brightener, and additives were optimized for the
deposition of binary and ternary electrodeposits on AA7075
PDC. The optimized electrolyte bath parameters have been
set so as to deposit uniform, less toxic, and environmentally
friendly Zn-based binary and Ni-based ternary coatings on
regular-shaped AA7075 PDC components.

Specimens of AA7075 PDC with high purity of size 20 x
50 x 2 mm? were made. These samples were mechanically
smoothened with grit paper. Oil and grease were removed
by a trichloroethylene agent. Acidic and alkaline cleaning
were done followed by washing with distilled water and

il > e s

10 um |

EHT =320.00kV
WD =5.00 mm

Signal A = SE2
Mag=3KX

Figure 1: SEM image of LST surface.
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Table 1: Optimized bath for Zn-Ni, Zn-Co, and Ni-Cr-Co coatings
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Zn-Ni coating Zn-Co coating

Ni-Cr-Co coating

NaOH = 96 g-I* (sodium hydroxide)
ZnS0, = 9gI™" (zinc sulfate)

NiSO, = 3.45 g-I" (nickel(u) sulfate)
NaF = 21 g™ (sodium fluoride)

pH =116

Current density = 2 A-ft™

Plating time =17 min

Observation: Uniform Zn-Ni deposition

NaOH =40 g™

(sodium hydroxide)

Boric acid = 18 g-I”! (buffer)
EDTA=2gl™

Glycine = 8 g™
(complexing agent)

pH = 12.5

Current density = 9 A-ft ™
Plating time = 20 min

Observation: Uniform Zn-Co deposition

ZnS046H,0 = 170 g'I™" (zinc sulfate hexahydrate)
C05046H,0 = 35 g1 (cobaltous sulfate hexahydrate)

(ethylene diamine tetraacetic acid)

NiSO, = 152 g'I™" (sodium fluoride)

NiCl, = 29 g-I" (nickel(n) chloride)

CrCl; =122 g1™ (chromium chloride)
KHCO, = 8.5 g'I’1 (potassium formate)
NH4Br =19.5 g-l'1 (ammonium bromide)
KCl = 9.8 g'I" (potassium chloride)
Boric acid = 55.6 g-I™’

CoCl, = 78 gI™" (cobalt(n) chloride)
proprietary wetting agent = 0.16 g-I™"
Ammonium chloride = 28.5 gl

pH =2-3

Current density = 500-520 A-ft

Plating time =17 min

Observation: Uniform Ni-Cr-Co deposition

then dried. The specimens’ weight was noted using the
digital weighing balance before and after the coating.

The optimized electrolyte baths were prepared for the
binary and ternary electrodepositions and the parameters
are given in Table 1.

The schematic of the electroplating arrangement for
binary and ternary coatings on substrate material is dis-
played in Figure 2. The substrate material, i.e., AA7075 PDC
acted as a cathode (connected with the negative terminal)
and coating materials such as Zn-Ni, Zn-Co, and Ni-Cr—Co
are connected with the positive terminal (anode). The elec-
trodes are immersed in the prepared electrolyte during the
deposition. The optimized parameters were used for the
binary and ternary coatings.

“Autosigma 3000 eddy current tester” has been used
for checking the coating thickness at 500 kHz frequency.

Metal that will be

Positive ions are attracted to
the negative electrode and
GAIN electrons

The hardness and smoothness of surface coating increase
the wear resistance. Microhardness is increased as the
recrystallization of the coating occurs during the annealing
process. It increases to a certain extent with an increase in
annealing temperature to a certain extent, beyond which
the hardness decreases. The optimum temperature for
annealing is determined by the hardness test. In order to
remove the residual stress in the uncoated and coated
specimens, the specimens of size 2 x 5 x 0.2 cm® were
annealed at 300°C for 8 h [6,13,16] and the hardness values
were determined as per the ASTM-E-384 standard with
100 g load using Vickers’ hardness testing equipment.

The abrasion resistance test was conducted as per the
ASTM D-4060 standard on the coated alloy specimens of
size 10 x 10 x 0.4 cm®. The average weight loss was calcu-
lated by measuring the weight before and after the process.

Object to be platted -
Aluminium (CATHODE)

ELECTROLYTE - must contain
the metal which needs to be
coated - Copper Sulphate

Figure 2: Schematic of electrodeposition arrangement.
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A hard wheel with a load of 1,000 g was made to rotate for
1,000 cycles on the coated specimen.

Taber abrasion index = weight loss in 1,000 cycles.

A tensile test on the coated substrate was done according
to the ASTM E8 standard to find out tensile strength. The
tensile test was carried out using the Instron Universal
Testing Machine with a strain rate of 2mm-‘min. A rectan-
gular cross-section of samples was made and used as per the
standard for the test. Vickers microhardness tester was used
to find the hardness of uncoated and coated specimens. The
coated and uncoated tensile specimens obtained after immer-
sing them in Harrison’s solution for a certain period have been
used for conducting the tensile test. Harrison’s solution is a
mixture of 3.5% ammonium sulfate and 0.5% NaCl. The indus-
trial environment has been simulated by this aqueous solution.

X-ray diffraction (XRD) patterns of alloy-coated PDC
AA7075 specimens obtained from X’ pert pro-XRD were
analyzed to identify the intermetallic phases formed in
the coatings. Cu Ka radiation diffraction patterns of X-ray
were obtained using 0.02° increment. The textured pattern
was recorded by the X-ray technique with grazing inci-
dents. Characteristics of coatings such as deposition nature,
level of porosity, size of the grain, and heterogeneities pre-
sent were studied using SEM. Samples of size 10 x 10 mm?
were used for SEM studies. SEM images were taken at
20,000 V with a magnification of 3,000x.

To obtain the chemical composition of the coatings with
the oxidation state of species, X-ray photoelectron spectro-
scopy (XPS) studies were carried out on alloy-coated AA7075
PDC samples of size 10 x 10 mm? that were mounted in a
chamber at 10™° Torr. As per the ASTM B-117 standard, the
corrosion studies were carried out on alloy-coated samples
using SF 850 salt spray chamber. To simulate the effect of
seawater, 3.5% NaCl was maintained inside the chamber.
This type of aggressive environment starts corrosion on
the coated surface. The degree of corrosion was recorded
periodically and the appearance of red rust spots on sam-
ples in annealed condition was observed.

3 Results and discussion

3.1 Analysis of micro-hardness and Taber
abrasion resistance on coated and
uncoated materials

The microhardness of the binary and ternary coatings
applied on the substrate material was measured and tabu-
lated in Table 2.
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Table 2: Microhardness measurements of coated and uncoated
materials

S. No.  Deposition type Microhardness (vickers hardness
number) at 100 g load
As plated Heat-treated at 300°C
1 Uncoated 115 243
2 Zn-Ni 185 410
3 Zn-Co 172 401
4 Ni-Cr-Co 213 467

Table 2 shows the microhardness of both binary and
ternary coated and uncoated normal and annealed state of
specimens. It is clearly evident from the table that the coated
specimens have higher hardness than the uncoated speci-
mens in both normal and heat-treated (annealed) state. Par-
ticularly, the ternary-coated specimen has higher hardness
than the binary-coated specimen in both conditions [12].

For “non-heat-treated material,” 50% of hardness
enhancement is observed for the Zn-Co coating and
61% of improvement is observed for Zn-Ni coating com-
pared to the uncoated condition. In the case of Zn-Ni
binary coating, the increase in hardness could be due
to the formation of fine grains with a meager porosity
and the absence of microcracks [31]. The improved grain
refinement could also be a reason for the hardness
enhancement. The presence of smaller grains impedes
the dislocation motion and increases microhardness. In
the case of Zn-Co binary coating, the improvement in
microhardness is the transformation of the whole Zn
phase into a CoZn intermetallic one [10].

The ternary-coated specimen is observed to be higher
(82%) among the coated specimens than the uncoated mate-
rial. In the case of “heat-treated specimens,” the minimum
enhancement of hardness is observed as 65% for the Zn—Co
alloy coating and a 69% improvement of hardness is observed
for the Zn-Ni binary coating [32]. Similar to the non-heat-
treated material, a higher hardness (92%) improvement is
observed for ternary (Ni-Cr—Co) coating compared to the
uncoated substrate material [33].

The presence of Cr as Cr,0; in Ni-Cr—Co coating with a
binding energy of 576 eV at the outer layer in the ternary
Ni—Cr—Co coating could be the reason for higher hardness
than other binary depositions. Stress-relieving, recrystalli-
zation, and precipitation of deposited metals are the rea-
sons for the increased hardness [22].

It is clearly evident from the analysis that the higher
hardness enhancement is observed for the ternary coating
compared to the uncoated and binary-coated specimens in
both the status.
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Comparing the non-annealed and annealed materials,
the uncoated specimen has more than double-fold enhance-
ment in the hardness of the heat-treated material. A similar
kind of hardness improvement is also observed for both the
binary- and ternary-coated materials. It may be concluded
that the heat-treated coated and uncoated specimens were
found to have higher hardness than the non-annealed speci-
mens due to relieving stress and affirmative alloy coating on
the substrate material.

Microhardness results indicated that Ni-Cr—Co coat-
ings showed higher hardness than the other two binary
electrodeposited coatings. The following order of perfor-
mance of coatings was observed from the microhardness
studies: Ni-Cr—Co > Zn-Ni > Zn—Co.

The abrasion wear resistance of coated and uncoated
materials of both the status such as heat treated and non-
heat-treated specimens are provided in Table 3.

The Taber wear index value is an indicator of the wear
resistance of the material. The lower the value, the higher
will be the wear resistance. Based on the observation, the
uncoated substrate material has lower abrasion resistance
as it has a higher index value. The heat-treated uncoated
specimen is also having a higher index value, which sig-
nifies the poor resistance to wear. In general, the coated
specimens are exhibiting better wear resistance in both the
heat-treated and non-heat-treated conditions. It has been
observed from the table data that the ternary coating has

Table 3: Taber abrasion resistance measurement of coated and
uncoated materials
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higher wear resistance than the binary-coated material. It
has 64% higher resistance in the non-heat-treated status
and 67% higher resistance in the heat-treated condition
compared to the uncoated specimens. Among the binary-
coated materials, Zn-Ni-coated material has higher wear
resistance. It has 61% higher abrasion resistance compared
to the uncoated specimen. On the other hand, it exhibits
53% higher wear resistance compared to the uncoated spe-
cimen in the case of heat-treated status. The annealed
coated specimens still have better wear resistive properties
compared to the non-annealed specimens. The wear resis-
tance has been increased to almost two-fold in the heat-
treated specimens. The formation of NiZn; and Ni,Zny,
phase structure in the Zn-Ni deposits contributes to wear
resistance. The submerging of Co particles in the galaxy of
Zn atoms has led to improved wear resistance for the
Zn—Co-coated material. The presence of Cr,05 at the sur-
face of Ni-Cr—Co coatings has improved the abrasion resis-
tance in comparison with other electrodeposited coatings.
The following order of performance of coatings was
observed from the abrasion studies: Ni-Cr-Co > Zn-Ni
> Zn—Co.

3.2 Analysis of tensile strength of coated
and uncoated materials

The tensile test was conducted as per the ASTM E8 stan-
dard to evaluate the tensile strength of the binary and
ternary deposition on the substrate materials. The mechan-
ical strength studies have been undertaken after immer-

S. No. Deposition type Taber wear index at load 1,000 g for
1,000 cycles sing the tensile specimens in Harrison’s solution in order to
imul he in rial environment in real-tim lica-
As plated Heat treated at 300°C S, ulate the _dUSt a_e onment eal-ime app C?
tions. The tensile specimen used for the present work is
1 Uncoated 0.036 0.015 shown in Figure 3.
2 Zn-Ni 0.014 0.007 As demonstrated by the results of the tensile test,
3 Zn-Co 0.022 0.012 Ni—Cr—Co d its exhibi 1 dhesi AA7075
4 Ni—Cr-Co 0.013 0.005 i-Cr—Co deposits e .1 it e.xce.ent adhesion to ATl
PDC substrates as depicted in Figure 4(a—c). In a similar
30 - 25—
‘ . /
10 4-—-———— — —-—I— --------------- —
! =

6

——

All dimensions are in mm

Figure 3: Tensile test sample as per ASTM E8 Standard.
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Figure 4: (a-c) Tensile strength of coated and uncoated deposited materials with and without immersion. (a) As-plated, (b) 1 week after immersion,

and (c) 1 month after immersion.

fashion to the microhardness trend, the material that has
been coated but has not been immersed has a higher ten-
sile strength. However, for binary coatings, the enhance-
ment percentage is in the range of 1 and 2. In comparison
with the uncoated or substrate materials, ternary-coated
materials have a maximum enhancement of 5% in tensile
strength. In the case of deposits, there is an increase in
tensile strength over uncoated deposits as a result of the
cohesive strength of the coating, its load-bearing capacity,
and the interlocking between the coating and anchoring
points of the substrate. As a result of immersion in Harri-
son’s solution for a week, the tensile properties of both
coated and uncoated materials have deteriorated. For
uncoated materials, the tensile strength has been reduced
to a maximum of 7%, while for Zn-Ni binary-coated mate-
rials, the tensile strength has been reduced to a minimum
of 3%. After immersion in the solution for a month, coated
materials show a reduction in tensile strength of around
30%. After 1 week and 1 month of immersion, the uncoated
material exhibits a higher reduction in tensile strength.
The ternary-coated material, on the other hand, exhibits

a lesser reduction in tensile strength as compared to the
substrate and binary-coated materials. In light of the test
results, it seems that the ternary coating is capable of pro-
tecting the substrate to some extent regardless of the dura-
tion of the immersion.

Due to the presence of trimetallic atoms in Ni-Cr—Co,
the surface coverage of this material has been enhanced to
a greater degree. Furthermore, the chromium oxide layer
has a better corrosion prevention characteristic, which
may contribute to Harrison’s solution’s improved corro-
sion resistance as a result of the ternary electrodeposition.

The stress—strain curve for the uncoated AA7075 PDC
substrate shows variations depending on the amount of
stress applied and the resulting deformation as exhibited
in Figure 5a. At low levels of stress, the material exhibits
linear elastic deformation, which means that the deforma-
tion is reversible when the stress is removed. This is repre-
sented by the linear region on the stress-strain curve,
known as the elastic region which indicates how stiff the
material is. For uncoated AA7075, the modulus of elasticity
is relatively high, indicating a stiff material. As the stress
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Figure 5: (a-d) Stress-strain curves of as-plated series. (a) Uncoated, (b) Zn-Ni deposited on AA7075 PDC, (c) Zn-Co deposited on AA7075 PDC, and (d)

Ni-Cr-Co deposited on AA7075 PDC.

increases, the material begins to undergo plastic deforma-
tion, which is irreversible when the stress is removed. This
is represented by the non-linear region on the stress—strain
curve, known as the plastic region. The slope of this region
decreases as the material undergoes more deformation,
indicating that it becomes easier to deform as it approaches
its ultimate tensile strength (UTS). At this point, the material
undergoes necking, which is a localized reduction in cross-
sectional area. The stress required to cause necking is
referred to as the ultimate strength or tensile strength.
The stress-strain curve for uncoated AA7075 also shows a
region beyond the UTS, known as the post-necking region.

In this region, the material continues to deform until it
eventually breaks. The slope of this region decreases as
the material undergoes more deformation until it reaches
its breaking point.

The mechanism of the stress—strain curve for uncoated
AA7075 is related to the material’s microstructure, which
consists of a mixture of Al and Zn. As stress is applied,
dislocations in the material’s crystal structure move, allowing
the material to deform. At low levels of stress, dislocations
move only a small amount before returning to their original
position, resulting in elastic deformation. As the stress
increases, dislocations move further, resulting in plastic
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deformation. In summary, the stress-strain curve for the
uncoated AA7075 PDC substrate shows variations in its
response to external stress, which can be attributed to the
material’s microstructure. The curve exhibits a linear elastic
region, a non-linear plastic region, a necking region, and a
post-necking region, culminating in eventual failure as exhib-
ited in Figure 5a.

Zn-Ni coatings deposited on the AA7075 substrate
improve the material’s corrosion resistance, wear resis-
tance, and adhesion. The stress—strain curve for Zn-Ni-
coated AA7075 shows an increase in the UTS and a
smoother transition from elastic to plastic deformation,
compared to uncoated AA7075 as exhibited in Figure 5b.
The coating prevents the formation of microcracks and
distributes stress more evenly, leading to an increase in
UTS and improved mechanical strength.

Zn—Co coatings deposited on AA7075 improve corro-
sion resistance, wear resistance, and adhesion. The stress—
strain curve for Zn—Co-coated AA7075 shows an increase in
UTS and a slightly steeper slope in the elastic region com-
pared to uncoated AA7075 as exhibited in Figure 5c. The
coating’s enhanced adhesion to the substrate improves the
mechanical strength of the material, leading to an increase
in UTS as exhibited in Figure 5c.

Ni—Cr-Co coatings deposited on AA7075 improve wear
resistance, adhesion, and high-temperature stability. The
stress—strain curve for Ni-Cr—Co-coated AA7075 shows a
slight increase in UTS and a steeper slope in the elastic region
compared to uncoated AA7075 as exhibited in Figure 5d. The
coating’s ability to reduce friction and prevent wear leads to
an improvement in the material’s mechanical strength.

Overall, each coating has a unique impact on the
mechanical properties of AA7075, as seen from the stress—
strain curves. Zn-Ni and Zn-Co coatings improve corro-
sion resistance, wear resistance, and adhesion, leading to
an increase in UTS and improved mechanical strength.
Ni-Cr—Co coatings improve wear resistance, adhesion, and
high-temperature stability, resulting in a slight improve-
ment in UTS and mechanical strength.

The tensile test was conducted on the uncoated and
coated specimens after immersing them in Harrison’s solu-
tion for a period of 1 week and 1 month. The results of the
tests are provided in Table 4.

It has been observed that the appearance of the frac-
ture planes existed within the deposit, which signifies the
cohesive type of fracture. In all the cases, the fracture is
found nearer to the interface between the deposit and the
substrate, but still inside the deposit. No external peeled-off
layer is noticed. Ni-Cr—Co deposit has remarkable adhe-
sion on AA7075 PDC substrates, showing good bonding
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Table 4: Tensile test results of coated and uncoated materials immersed
in Harrison’s solution

S. No. Deposition UTS (MPa)
type
As plated 1 week after 1 month after
immersion immersion

1. Uncoated 553.64 512.81 358.28
2. Zn-Ni 560.05 537.98 389.29
3. Zn-Co 566.07 543.14 404.70
4, Ni-Cr-Co 582.24 548.65 424.06

between the deposit and substrate, evidenced by the result
of the tensile test.

Similar to the microhardness trend, the tensile strength is
also higher for the coated non-immersed materials. However,
the percentage enhancement is in the order of 1 and 2 for the
binary coatings. The ternary-coated material has a maximum
of 5% enhancement in the tensile strength compared to the
uncoated material or substrate material. The reasons for the
increase in tensile strength of deposit over uncoated material
are due to the cohesive strength of the surface deposit, its
load-bearing capacity, and the interlocking of deposit with
anchoring points of the substrate, which is made by LST.

The tensile property of both the coated and uncoated
materials has deteriorated while they are immersed in
Harrison’s solution for a week. The tensile strength has
been reduced to a maximum extent of 7% for uncoated
material and a minimum (3%) for Zn-Ni binary-coated
material.

The percentage reduction in tensile strength is found
to be around 30% in the case of coated materials after they
are immersed in the solution for a month. The uncoated
material is found to have a higher reduction in tensile
strength for the 1-week and 1-month immersion periods.
On the other hand, the ternary-coated material has a lesser
reduction in tensile strength compared to the substrate
and binary-coated materials. It is understood from the
test results that the ternary coating protects the substrate
to some extent irrespective of the immersion periods.

The presence of tri-metallic atoms in Ni-Cr-Co has
enhanced the surface coverage to a larger extent. Also,
the chromium oxide layer possesses a better corrosion
prevention characteristic and these aspects could be the
reasons for ternary electrodeposition enriching the perfor-
mance against the corrosion in Harrison’s solution.

It is demonstrated that the tensile strength (MPa) of
Ni-Cr-Co on AA7075 PDC is higher than the other deposits
(582.24 of Ni-Cr—Co > 566.07 of Zn—Co > 560.05 of Zn—Ni >
553.64 of uncoated condition) due to the existence of hard
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Cr particles along with its strong bonding between the
intermetallic atoms such as Ni and Co [32].

Further, it is observed that the presence of crystal
orientation (XRD studies), phase content (XPS studies),
and surface morphology of ternary Ni-Cr—Co have greatly
contributed to the enhancement of tensile strength. The
following order of performance of coatings is observed
from the tensile test: Ni-Cr—-Co > Zn—-Co > Zn-Ni [33].

3.3 XRD and SEM image analysis of coated
materials

The XRD pattern of both the binary- and ternary-coated
materials is depicted in Figure 6(a—c).
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The XRD analysis of the Zn-Ni binary coating is shown
in Figure 6(a). The diffraction peaks of y-NiZn; (831),
y-NipZny; (330), and 631 with 26 values 38, 43, and 73°
are confirming the presence of Zn-Ni binary deposit
on AA7075 PDC substrate. A further peak of about 56,
68, and 83° is indicative of Zn deposits in the Zn-Ni
coatings (102, 110, and 200). The coatings have enhanced
hardness value due to the presence of intermetallic
phases.

The XRD pattern of Zn—Co-coated material is depicted
in Figure 6(b). The presence of three strong peaks such as
Zn (110), Co (111), and CoZn (211) and two feeble peaks such
as €-CoZn;z (220) and e-CoZns (301) is clearly visible. Besides,
there is a very weak peak at 61.8° for a-Al (112) proving that
Zn—Co coatings have been carried out on AA7075 PDC
substrate.
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Figure 6: (a-c) XRD patterns of (a) Zn-Ni (b) Zn-Co and (c) Ni-Cr-Co-coated materials.
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The XRD pattern of Ni-Cr-Co ternary coating is dis-
played in Figure 6(c). It can be seen from the pattern that
the Ni-Cr-Co ternary deposit is a solid solution with a
body-centered cubic structure due to the formation peaks
at lattice plane such as (110), (220), and (210) with a crystal
lattice constant of 2.88 A°. Among them, the Co phase has
clear, sharp diffraction peaks at 8 of near 45.168, 65.792,
and 77.392°, and their crystal plane index is (110), (200), and
(210), respectively. The peaks in XRD are sharp, narrow,
and regular and therefore, all the coatings Zn—Ni, Zn—Co,
and Ni-Cr—Co are crystalline. The intensity of the peak is in
accordance with the JCPDS card number 03-074-1264.

The SEM image has been taken on both the binary- and
ternary-coated materials and is shown in Figure 7(a—c).

The deposited surface displays many shallow pits due
to hitting by progressive particles. The deficient and twisted
particles are observed in the image. The uniformity in deposi-
tion attributes to a conservative structure, low porosity, and
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high deposition of coatings. The SEM image illustrated in
Figure 7(a) shows the presence of smaller globular structure
Zn-Ni atoms. Moreover, the atoms are overcrowded owing to
the strong bonding between Zn and Ni and further effective
adhesion of said coatings on LST AA7075 substrate. The uni-
formly dispersed Zn-Ni particles in the deposition are also
observed. The surface morphology of binary Zn-Co coating
on the PDC AA7075 substrate is shown in Figure 7(b). The
evenly distributed dot-like structure and submerged Co par-
ticles in the galaxy of Zn atoms have been observed in the
image. Further, it has been demonstrated that the incorpora-
tion of Co atoms in the Zn matrix is highly visible. To remove
the oxide film on the AA7075 PDC, the zincating process was
carried out. The deposition of Zn on the surface of Al created
a suitable site for Zn nucleation. Since it is a chemical immer-
sion coating, the aggressive nature of sodium hydroxide pre-
sent in the zincating bath had thrown Zn atoms on AA7075
PDC, leading to a more uniform distribution of Zn atoms.

WO+ 900mn

Chromium as.

Chromium oxide e anc

Cobalt

Mag = 200

Zincated
atoms

AL7075
PDC
substrate
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Figure 7: (a-c) SEM image of the (a) Zn-Ni (b) Zn-Co and (c) Ni-Cr-Co-coated materials.
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Good differentiation was achieved in the area between
the laser track among the Ni-Cr—Co coatings and Al layers.
The coverage of laser track and Ni-Cr-Co coatings is very
obvious, confirming the better diffusion of Ni-Cr-Co
coatings than Zn-Co-coated AA7075 PDC substrate. To
understand the effectiveness of bonding by laser texturing,
cross-section SEM has been carried out and shown in
Figure 7(c). It is understood from the image that the effec-
tive adhesion of Ni-Cr—Co on AA7075 PDC had taken place
and the same could also be the reason for the enhancement
of microhardness, wear, and corrosion resistance of the said
coating. The image shown in the SEM contained three parts:
a) the substrate AA7075, b) the track of laser texturing, and
c) the oxides of Ni-Cr-Co. It is established that the formation
of unique and uniform oxide depositions on the top layer of
Ni-Cr—Co has significantly contributed to higher retardation
of metal attack on Ni-Cr—Co in the corrosive medium.

3.4 Analysis of XPS on binary- and ternary-
coated materials

The analysis of XPS on binary- and ternary-coated mate-
rials has been carried out and the results are shown in
Table 5 and Figure 8.

The results of XPS studies on the binary- and ternary-
coated materials are provided in Table 5. It provides infor-
mation about the species formed, binding energy, electron
level, and the type of layer on XPS investigation of coated
materials. Figure 8(a) shows the XPS analysis of the Zn-Ni
deposit on AA7075 PDC. Two major Ni peaks in the high-
resolution XPS arose from 2p signals located around 856 and
874 eV, which were the characteristics of 2p3 = 2 and 2p1 = 2,
respectively. Moreover, there are two peaks referred to as
satellite peaks around 2p3 = 2 (S) and 2p1 = 2 (3S) in the Ni 2p
region. Remarkably, the presence of NiyZn;; demonstrated
lower binding energy in comparison with -NiZns.

Table 5: XPS of binary- and ternary-coated materials
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The results of XPS of Zn—Co on the AA7075 PDC sub-
strate are shown in Figure 8(b). The existence of Co as
Co304 in the inner layer of the coating is confirmed by O
KLL with a binding energy of 1,008 eV, which has proxi-
mity to peaks of Co,p; = 2 with the binding energy of
779 eV. It is justified that the Co could have existed as
Co304 in the coating. The binding energies resulting at
1,074, 853, and 839 eV are attributed to the presence of Zn
metal in the coating. Further, the appearance of O KLL at
1,008 eV might be due to the formation of ZnO in the
coating. It is peculiar to note that there is a sharing of
oxygen atoms between Zn and Co metals which appeared
as Zn and Cos0, in the coating.

The XPS analysis on ternary-coated material is dis-
played in Figure 8(c). The XPS output shows the existence
of Cr, Co, and Ni alloy composition on the surfaces of coat-
ings. Adventitious C and N peaks have entered the labora-
tory atmosphere. The complex peaks of Co 2p, Ni 2p, and Cr
2p exhibit binding energies that correlated with the pre-
sence of CosZns, NiO, and CrOs, respectively. The sub-peaks
in Zn 2p and Al 2p 1s peak revealed the zincating of the
substrate material.

3.5 Analysis of salt spray on uncoated and
coated materials

A salt spray test has been conducted on the substrate and
the heat-treated-coated specimens. To analyze the corro-
sion resistance of materials, changes in appearance due
to prolonged periods of exposure to a corrosive environ-
ment are considered. The results of the salt spray test on
specimens are provided in Table 6.

The appearance and progress of corrosion of uncoated
and Zn-Ni-coated samples under salt spray were recorded
from time to time. After 60 min stay, it was noticed that
40% rust formed on uncoated AA7075. For the heat-treated

Sl. No. Material deposition Species identified Binding energy (eV) Electron level Layer

1 Zn-Ni (binary) y-NiZn3 856, 874 2p3/2, 2p Inner layer
y-NizZn44 631 LMM Outer layer

2 Zn-Co (binary) Cobalt as Co30,4 779 2p3/2 Outer layer
O KLL 1,008 — Inner layer
Zinc as ZnO 1,074, 853 and 839 2p Inner layer

3 Ni-Cr-Co (ternary) Co 884 2p Inner layer
NiO 689 1s, 3p, and LMM [quantum state] Inner layer
Cr as Cr,03 576 2p Outer layer
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Figure 8: (a-c) XPS of coated materials (a) Zn-Ni, (b) Zn-Co, and (c) Ni-Cr-Co.

sample, 1% rust area was formed after 610 h of stay in the
salt spray chamber. Zn-Ni nano-crystalline coating could
be obtained with higher current efficiency on a single Y
phase. This Y phase shows the highest corrosion protection.
The XRD analysis of Zn-Ni shows the Y phase of interme-
tallic NiZns, and Ni,Zn;; retards the corrosion formation.
The homogeneity in phase composition leads to the up-
gradation of corrosion protection properties. With various
Ni content, the internal stress of deposit was found by the
X-ray stress analyzer and concluded that a sudden increase
in salt spray time was due to the penetration of corrosion
products as a result of a shoot up in internal stress. The
selective corrosion of the Zn—Ni deposit occurs in the fol-
lowing sequence deposit: a) dissolving of Zn, b) passivation,
and c) crack propagation. Hence, it is understood that the

enhancement of corrosion resistance for coated surfaces
might be due to the formation of -NiZnz and -Ni,Zny; [12].
It is observed from the table that the heat-treated Zn—Co
electrodeposition on AA PDC 7075 has shown 1% of rust area
formed after 550 h of stay in the salt spray chamber. The
application of a reverse pulse current to suppress the zinc
hydroxide formed the maximum percentage of Co in the
coatings [38,39]. The controlled morphology and the compo-
sition of binary Zn—Co deposits minimize the internal stress
and micro-cracks. The formation of refined grains of Co
atoms is uniformly dispersed in the Zn matrix in the coat-
ings. The reason for corrosion resistance improvement of
binary Zn-Co deposits could be because the binary Zn-Co
deposits consist of fine globular Co particles submerged in
the galaxy of Zn atoms as ZnO shown in the SEM image.
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Table 6: Results of salt spray test on uncoated and coated materials

Time (h) Surface appearance of AA7075 PDC samples
Uncoated Zn-Ni Zn-Co Ni-Cr-Co
deposited deposited  deposited
0 Nil Bright Bright Bright
1 40% rust area  Semi dull Semi dull Semi dull
42 Fully corroded  Semi dull Semi dull
50 Fully corroded Semi dull
100 Fully corroded Semi dull
120 Fully corroded  Semi dull Semi dull
150 Fully corroded Semi dull
200 Fully corroded Dull
240 Fully corroded  Semi dull Semi dull
480 Fully corroded  Dull Dull
550 Fully corroded 1%
rust area
610 Fully corroded 1% rust area 7%
rust area
650 Fully corroded
660 Fully corroded 1%
rust area
700 Fully corroded 7% rust area
750 Fully corroded 7%
rust area
1,100 Fully corroded 50%
rust area
1,200 Fully corroded  50%
rust area
1,300 Fully corroded 50%
rust area

The analysis of salt sprays on ternary Ni—Cr-Co elec-
trodeposition on AA7075 PDC is also provided in the table.
The presence of trivalent Cr as an oxide in the phase of Cr
as Cr,0; at the outer layer has a binding energy of 576 eV in
the ternary coating. Further, the maximum content of Zn
(94.8%) with Co (5.2%) has led to 1% rust formation with a
delayed time (660 h).

Compared with the binary deposit Zn-Ni and Zn—Co,
the ternary Ni-Cr—Co deposit is found to have more Ni and
Co concentration, as higher current density (500-550 Aft7?)
followed [40-42]. The reason for higher Ni and Co content
in the ternary coating is the synergistic catalytic effect in
the electrolyte bath [43-45]. The presence of a crystalline
structure with the high alignment of Co and Ni atoms could
significantly improve the corrosion resistance of Ni-Cr-Co
coatings on AA 7075 PDC substrates [46—48]. In addition,
the formation of the passive oxide layer on Cr has justified its
corrosion resistance performance in the rankings [49-51]. All
in all, the Al alloy AA7075 is broadly used in various indus-
tries owing to its high strength-to-weight ratio, which is com-
parable and replaceable to steel in many applications [52-54].
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However, it has poor resistance to wear and corrosion com-

pared to other Al alloys. To improve the mechanical, wear,

and corrosion properties of AA7075, a novel coating method
has been developed. Binary and ternary metals such as

Zn-Ni, Zn—Co, and Ni—Cr—Co are electroplated on the sub-

strate material (AA7075) after LST pre-treatment. According

to the ternary coating results, the resistance of the specimens
under non-heat-treated conditions is higher than the resis-

tance of specimens under heat-treated conditions [55-57].

The Ni—Cr-Co ternary coating has higher tensile strength

compared to other deposits [58-60]. The SEM images, XRD,

and XPS findings on the coated materials have been corrobo-
rated with the analyses on mechanical and corrosion proper-
ties. The dendritic structure during solidification leads to
deterioration in the mechanical properties of AA7075 PDC
[61-63]. To improve the performance in automotive and air-
craft applications, the present research work is focused to
develop novel electrodeposition of binary and ternary coat-
ings by LST on AA7075 PDC material for the enhancement of
hardness, tensile strength, wear, and corrosion resistance
of substrate material to lengthen the life span of AA7075 in
actual applications [64-66]. The optimized parameters have
been used for the surface coatings on AA7075 PDC in the
present study [67-69]. Electrodeposited coatings of Zn-Ni,

Zn-Co, and Ni-Cr—Co have become increasingly popular in

recent years due to their unique properties and various appli-

cations [70-72]. Here are some of the applications of these
novel coatings on AA7075.

1) Corrosion protection: Electrodeposited Zn-Ni, Zn—Co,
and Ni-Cr—Co coatings have excellent corrosion resis-
tance properties. These coatings can protect the under-
lying AA7075 from corrosion in various environments
such as seawater, acidic and alkaline solutions, and
humid and corrosive atmospheres [73-75].

2) Wear resistance: These coatings also exhibit high wear
resistance, which is useful in applications that involve
sliding, rolling, or abrasive wear. For instance, these
coatings can be applied to components in the automo-
tive, aerospace, and marine industries to enhance their
wear resistance [76,77].

3) Thermal stability: Electrodeposited coatings of Zn-Ni,
Zn-Co, and Ni-Cr-Co are also known for their high
thermal stability. This property makes them suitable
for use in high-temperature applications where other
coatings may fail. For example, these coatings can be
used on heat exchangers and other components that are
exposed to high temperatures [78,79].

4) Decorative finishes: These coatings can also be used for
decorative purposes due to their attractive appearance.
The Zn-Ni, Zn-Co, and Ni-Cr—Co coatings can be easily
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plated onto AA7075 to provide a durable and aestheti-
cally pleasing finish [80,81].

In summary, electrodeposited Zn-Ni, Zn-Co, and
Ni-Cr—Co-based coatings have various applications on
AA7075, including corrosion protection, wear resistance,
thermal stability, decorative finishes, electrical conduc-
tivity, and biomedical applications. Hence, the order of
corrosion resistance performances of the coating in 3.5%
Nacl is as follows: Ni-Cr-Co > Zn-Ni > Zn-Co.

4 Conclusions

A comprehensive experimental investigation has been car-
ried out on a novel electrodeposited coating on LST AA7075
PDC to improve the mechanical, abrasion, and corrosion
resistance properties for the application of automobile and
aviation structure components. A new bath formulation
based on binary and ternary coatings as an alternate to
the cadmium electroplating process has been developed
and found stable throughout the various experimental con-
ditions. All these coatings on the AA7075 PDC substrate
improve the mechanical properties and corrosion resis-
tance to a greater extent. The highlighted result outcomes
are provided as follows:

1) The optimized plating parameters have been used for
the deposition of binary and ternary electrodeposits on
AA7075 PDC.

2) The coated materials have higher hardness than the
uncoated material. Particularly, the ternary (Ni-Cr—Co)
coating is found to have higher hardness than the binary
electrodeposited coatings due to the formation of Cr,03
phases in the coating.

3) The heat-treated-coated materials have a higher scale
of enhancement in microhardness.

4) Based on the hardness studies, the materials can be
rated as Ni-Cr—Co > Zn-Ni > Zn-Co > uncoated.

5) Similar to microhardness, the presence of Cr,03 at the
surface of Ni-Cr—Co coating has improved the abra-
sion resistance when compared to the binary electro-
deposited coatings.

6) The tensile strength (MPa) of Ni-Cr—Co on AA7075 PDC
is more than all other deposits (582.24 of Ni-Cr-Co >
566.07 of Zn—Co > 560.05 of Zn—Ni > 553.64 of uncoated
condition) due to the existence of hard Cr particles
along with its strong bonding with intermetallic atoms
such as Ni and Co.

7) The salt spray analysis indicated that all the coatings
exhibited better corrosion resistance. The high corrosion
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resistance value is observed for ternary coating and fol-
lowed by Zn-Ni and Zn—Co binary coatings.

8) There is no agglomeration observed in plating forma-
tion. The impressive performances of the electrodepos-
ited coatings could be attributed to the presence of
intermetallic phases, the uniform arrangement
of atoms, augmented ductility, and high dispersion
of metallic particles on the surface of coatings, which
are evidenced by the SEM and XPS studies.

9) From binding energy values (576 eV) for Ni-Cr-Co

coatings, the outer layer consisted of Cr as Cr,03 which

is highly harder than the other coatings, which could
be the reason for its fabulous performance in compar-
ison with all other coatings.

Based on the XRD analysis, the formation of interme-

tallic phases in the coated material could have contrib-

uted to their improved mechanical properties in com-
parison with uncoated AA7075 PDC.

10)

At the outset, the electrodeposited Ni—Cr-Co coatings
are recommended for aircraft and automobile parts due to
the impressive performances of the said coatings. The per-
formances of Zn—Ni in enhancing the mechanical properties
of AA7075 PDC have justified its position in the rankings.
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