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Abstract

The toxicity of permanent implants is the main concern. The release of ions from the substrate leads to toxicity. Because of how the human
body works biologically, the toxicity of corrosion compounds is a byproduct of wear and fretting debris. aimed to improve the corrosion
resistance of a 316L stainless steel substrate. Bio ceramic Nano-hydroxyapatite (HA) was coated using the Electrophoretic Deposition (EPD)
technique. Stainless steel has good mechanical properties and high compatibility, but it suffers from body fluid attack due to its chloride
content, which can penetrate the passivation layer, resulting in the release of chromium and nickel ions. Tissues and organs are damaged by
the ions and debris that are released. To address this problem, it was coated with bioceramic using the EPD method. Suspensions of various
powders—hydroxyapatite, magnesium oxide, zinc oxide, and the composite—were prepared and coated by electrophoretic deposition. The
coated samples were dried at room temperature to ensure a homogeneous coating structure. The zeta potential test for magnesium oxide
and hydroxyapatite suspensions was positive, while zinc oxide and complex suspensions were negative. One of the important parameters for
achieving electrolyte and implant balance is the open circuit potential (OCP). A substantial change towards a more noble ditection (less
negative) was seen in the OCP-coated (316 L) alloy, suggesting excellent thermodynamic stability. Tafel extrapolation analysis was used to
obtain the corrosion potential (Ecorr) and corrosion current density (Icorr) values of composite-coated stainless steel 3161, which are
generally derived from the polarization curve. The findings that are in line with the MgO, HA, and ZnO coatings show a significant decrease
in corrosion curtent (Icott), an increase in cotrosion potential (Ecorr), and a dectease in cotrosion rate from (4.386 X 10-! mm/y) Stainless
Steel 316 L to (1.417 X 10-> mm/y) MgO Coated and (1.222 X 10-> mm/y) (65%MgO+25%2ZnO+10%HA coated).
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1. Introduction to make biomedical coatings. suggests processing and coating
flexibility with respect to temperature. [5],[6]. The non-toxicity,
activity, biodegradability,

hemostatic properties of chitosan, a naturally occurring cationic

A © artificial implant made of metal is one example of a material  ,n¢ibacterial biocompatibility, and

used by the human body. Orthopedic implants typically utilize

stainless steel alloys; however, 316L stainless steel, known for its high biopolymer, make it an ideal candidate for use in biomedical

mechanical strength, is the most commonly used variety in
orthopedic implants [1][2],[3],[4]. When choosing metals and alloys
for use in living organisms, corrosion must be considered. As a result
of corrosion, the body may be exposed to allergenic, toxic/cytotoxic,
or carcinogenic species. Implant loosening and eventual failure can
also be caused by different mechanisms of corrosion. In most cases,
the lack of osteoconductive in metallic implants makes it difficult for
the implant to adhere to the surrounding tissue, using biopolymers

applications. Particular modifications are possible thanks to its
structure, which eliminates a lot of issues. On the other hand,
chitosan isn't without its drawbacks; building bone takes a long time,
and crosslinkers are essential for keeping the structure intact [7].
Body devices made of metal have been covered with hydroxyapatite
(HA) because it is biocompatible, bioactive, and chemically similar
to the inorganic part of bone tissue[8]. It was possible to make

biopolymer and Bioceramic layers that were a good mix when
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chitosan and hydroxyapatite were placed together. This will lead to
bones that look like human bones. In general, chitosan made the best
link between the substrate and the layer coating. It also works great
as a binder for layer components [9] [10]. Hydroxyapatite (HA) is
one of the Bioceramic that has been studied the most because it is
chemically close to the mineral part of bone. Bioactive,
biocompatible, and thermodynamically stable in body fluid are some
of the other qualities that make it an important material for many
uses in biomedical areas. Also, hydroxyapatite
(Ha)(Cal0(PO4)6(OH)2) was looked at as a possible replacement
for bones and teeth because it has similar chemical makeup to natural
apatite and can be biocompatible with muscle, skin, and hard tissues.
It also bonds directly to bones without harming cells [11]
Hydroxyapatite can't be used in many situations because it has weak
or bad mechanical properties. So, to fix this issue, Ha needs to be
applied to the metal surface [12]. The second bio ceramic material
are Bioactive zinc oxide (ZnO) has great potential as a Bioceramic
coating for stainless steel 316L. It increases the bioactivity of
hydroxyapatite composites, promotes bone formation, and displays
antibacterial activity when added in different quantities [13], [14]. In
biomedical applications, ZnO coatings can increase stainless steel's
corrosion resistance and make osseointegration easier [15]. The
coated alloy is more biocompatible and has better mechanical
stability thanks to the addition of ZnO, which makes it a good
candidate for use in medical devices such as implants. Thirdly,
magnesium oxide (MgO) is being used more and more as a coating
material for Bioceramic because of its useful qualities in biomedical
fields. It promotes bone growth and integration by increasing the
mechanical stability and biological activity of implants. Orthopedic
implant biodegradable magnesium alloys can benefit from MgO
coatings, which increase biocompatibility and corrosion resistance
[16] [17][18]. And because of its magnesium ion-releasing properties,
MgO promotes osteoblast development and speeds up the healing
process. [17] [19]. Chitosan is a natural cationic polysaccharide that
has many useful properties, including the ability to kill microbes,
being biocompatible, and having improved mechanical and other
properties that have been used in biomedical implants and drug
delivery [20]. The widely recognized electrodynamic phenomenon
known as electrophoresis is the building block of electrophoretic
deposition (EPD). Various materials have been prepared and
deposited using the EPD approach for thick films throughout the
past hundred years [21] [22]. Electrophoresis with particle migration
(EPD) involves applying a uniform DC electric field to a liquid
medium, which causes the particles to migrate and deposit on one of
the two electrodes. Organic macromolecules can also be separated
using electrophoresis-based techniques[23]. Despite this, EPD
offers a number of benefits over previously documented coating
methods, such as being able to achieve its results at ambient
temperature.[24] Electrophoretic deposition is economical since it
involves minimal infrastructure and supplies only the necessary
equipment [25]. The metallurgical, geometrical, mechanical, and
chemical properties of the solution environment are the many
factors that contribute to the complicated multi-factorial phenomena

known as corrosion. In order for any metal to be used in surgical
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devices, corrosion must be avoided first. Biomaterial contains any
natural or man-made substance that interacts with living things
and/or biological processes [26]. The bio-cortosion, bioactivity, and
osteointegration properties of implant materials in relation to the
physiological environment must be understood in relation to medical
implants [27]. Also, osteointegration is weak on metallic surfaces
they Adding  hydroxyapatite
[Cal0(PO)6(OH)2] to metallic implants makes them more bioactive

to bone. Bioceramic hydroxyapatite mimics the mineral coating of

since aren't bone bioactive.

natural bone and tooth tissue [28]. In this study, we will use an
electrophoretic deposition technique to coat a stainless steel 316L
alloy with a single layer of nano hydroxyapatite (HA), nano
magnesium oxide (MgO), nano zinc oxide (ZnO), and a composite
layer. We will then examine the biocorrosion behavior and corrosion
resistance of this coated alloy in an SBF solution.

2. Experimental work
2.1 Materials
1-316L stainless steel used as the substrate has the chemical
composition listed in Table 1.
2-Bio-ceramic (Hydroxyapatite, Magnesium Oxide, Zinc Oxide) less
than 40 nm purchased from Sky Spring Nanomaterials, USA.
3-(Deionized water, solvents of ethanol absolute (99.9%), and acetic
acid with purity (99.5%)).

Table 1. Chemical composition of 316L stainless steel
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2.2 Sample preparation

The electrode plates made of stainless steel 3161 were first wire-cut
to the dimensions (10 x 20 x 3 mm) and (17 x 17 x 3 mm), as
illustrated in Figure (1). After that, the electrode plates were
ultrasonically cleaned for an hour using ethanol and acetone, in that
order. The plates were dehydrated before the electrophoretic coating
technique. Here, electrophoretic deposition (EPD) was used to
create every coating. Two electrodes were submerged in the coating
suspension in the beaker that served as the electrophoretic
deposition cell for this study. Both the working and counter anodes
were made of the stainless steel 3161 substrate. The constant
distance between them when submerged in suspension was 10 mm.
The electrodes were dehydrated and then washed with acetone. To
carry out the deposition, the electrode was submetged in a beaker
containing the coating material suspension. A 316L stainless steel
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substrate was coated using an electrophoretic deposition device, as
shown in Figure 2. Throughout the trials, varying coating times were
used, given that the digital timer was used to establish the required
duration for every experiment. In addition, the electrodes were raised
and lowered electrically, and they were fixed according to the design
basis for the cell deposition regime.

In electrodeposition (EPD) technology, the main function of applied
voltage is to generate an appropriate electric field that attracts
positively charged Tau particles in suspension to an electrode that
has an opposite charge. leading to their accumulation on the surface
of the medicinal layer. Particle motion and deposition rate are both
affected by the electric field strength, which is in turn determined by
the applied direct current (DC) voltage. The deposition rate, as well
as the thickness and shape of the deposited layer, can be altered by
increasing the voltage. The thickness and amount of material
deposited onto the substrate can be controlled by adjusting the time
in the Electrophoretic Deposition (EPD) process.

A thicker and denser coating is produced as the EPD process
progresses due to the accumulation of charged particles that migrate
towards the electrode. The length of time an electric field is applied
has a direct impact on the rate of deposition and the ultimate
properties of the film. The shape, homogeneity, and functional
qualities of the coating can be precisely controlled by adjusting the
deposition time. Electrophoretic Deposition (EPD) is greatly
affected by the particle concentration in the suspension in terms of
the deposition rate. Because there are more charged particles to
migrate and deposit onto the substrate under the applied electric
field, the deposition rate is often increased when the particle
concentration is higher. The end product is a coating that is thicker

and heavier with the same amount of deposition time.

(2) (®)

Figure 1. shows Stainless Steel 316L (a) square shape
(b)rectangular shape

3. Invitro Test

3.1 Zeta potential

The electrophoretic mobility distributions of the entire suspension
were evaluated in relation to zeta potential utilizing particle
electrophoresis equipment. in order to guarantee uniform coating
thickness and stable colloidal suspension. The zeta potential shows
whether the coating layers were deposited cathodically or anodically.
Before testing, each sample was diluted in a specific liquid to make
sure the suspension.

The zeta potential test was conducted at room temperature using a
device made by Brookhaven Instruments called Zeta Plus, which is
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located in the USA. This evaluation took place in the Science and
Technology Ministry. A thirty-minute ultrasonic processing followed
by magnetic stirring was performed on the suspension prior to
testing. Measuring was then carried out.

3.2 Microstructural examination
This method was applied to describe the surface. Scanning electron
(SEM) was

microstructures and the distribution of the wvarious coating

microscopy used to assess the cross-sectional
components. The elemental distribution of the chosen points/area
in the SEM image was found using an Energy Dispersive X-ray
Spectrometry (EDS) detector in conjunction with SEM. This test

was Conducted in Al Khora Company.

3.3 Corrosion Test Results

Specimen corrosion in SBF was demonstrated by electrochemical
measurements taken with a potentiostat/galvanostatic on both
coated and untreated samples. (Chinese Electrochemical CHI 604 ¢
Corr Test bed). The samples were evaluated using a 650 mL
multiport corrosion cell kit in accordance with ASTM G1-03 and
ASTM G5-94 standards. In the past, three electrodes were used: a
reference electrode made of saturated calomel (SCE), a counter
electrode made of platinum platelet, and the working electrode,
which was the specimen itself. The corrosion rate is evaluated using
the mpy technique with the following Equation 1:

[CR] = 013 X fcort X =7 ..........
where: Icorr: The current density of corrosions (mA.cm-2), and CR:
The corrosion rate (mpy). Efficiency of protection

(PE%) of each composite coating layer is calculated using the

following formulas:

Icorr) uncoated — (Icorr) coated
PEY]= L) (1corr) .

[ 1x100%

)

Here, Icorr (coated) represents the inhibited corrosion current

(Icorr) uncoated

density and Icorr (uncoated) represents the uninhibited current
density.

4. Result and Discussion

4.1 Zeta Potential test

The stability of coated suspensions was investigated using the zeta
potential method. The results demonstrate that all acidic suspensions
exhibited positive zeta potential values. Since the pH of the
suspensions has a significant impact on the zeta potential, it is an
essential consideration. All of the suspensions had their pH values
changed to make them more stable, and the result was dense,
uniform layers of composite coating. When the pH is low, the zeta
potential is positive; when the pH is high, it is negative These results
are consistent with the researcher.[29]. The electrical charge that
reaches the surface of particles in colloidal solutions with a high zeta
potential is greater, enhancing the particles' electrostatic attraction.
Colloidal solutions that have a low { potential, on the other hand,
attempt to clump together or coagulate, this agrees with the
researcher [30]. In order to get a uniform composite coating, the
interaction between the charges of the positive and negative

materials is crucial. put another way, the capacity of materials with
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positive charges to encircle materials with negative charges by
attracting them to cathodic deposition. A positive zeta potential and
mobility were shown in the single layer coating of HA, MgO,
indicating that the zeta potential deposition was cathodic. As for the
single layer of ZnO, as well as the composite coating layers of
(HA+MgO+ZnO), both the zeta potential and mobility were
negative, indicating that the deposition was anodic, as shown in
Figure 2 and Table (2).

Table 2. Demonstrates principles Single and composite layer Zeta

potential
Zeta Potential
Type of Coating Mobility
(mV)
Hydroxyapatite 25.70 2.01
Magnesium Oxide 24.65 1.93
Zinc Oxide -33.85 -2.64
65% HA+25% MgO +109
% /o Mg & 7410 147
ZnO
65% MgO +25% ZnO +10%
) e ' 86,97 173
HA
65% ZnO +25%HA +109
/o Zn o & 63.12 1.25
MgO
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Figure 2. Shows Values of Zeta potential of (a) HA (b) MgO
(c) ZnO (d) 65% HA+25% MgO +10% ZnO
(e) 65% MgO +25% ZnO +10% HA
() 65% ZnO +25%HA +10% MgO
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4.2. Scanning electron microscopy (SEM) results

The surface layer structure for the composite coating single coating
was determined using SEM Figure 3 shows that the uniform
dispersion of particles led to a uniform coating. When magnified at
a great level Coatings made by Molaei et al. had no sutface flaws or
holes because they contained chitosan, an active binder, these results
that are consistent with what the researcher obtained [31]. Stable
suspensions give the impression of a more consistent and
homogeneous coating surface. The most stable suspensions are
those with the highest zeta potential values, which is consistent with
this theory and supported by observations in coated materials, as also
confirmed by the researcher [32]. On the zeta potential dependent,
the following parameters can impact coating quality when using the
EPD process: Duration of deposition, voltage applied, suspension
concentration [33], the sample's current, the age of the suspension
and the stability of the suspension. All of the aforementioned
elements had a considerable impact on the coating's performance,
however It was significantly [34], and the stability of the suspension.
All of the aforementioned elements had a considerable impact on
the coating's performance, however. It was significantly impacted by
the zeta potential. These results are consistent with the researchers'

[33,34 and 35].

SEM HV: 20.0 KV
SEM MAG: 5.00 kx Date(m/d/y): 01/16/25

NanoLAB-MOST)

10 pm

Figure 3. Shows SEM of (a) Single Coating layer (MgO), (b)
multilayer composite coating (65% MgO + 25% ZnO+ 10% HA)

4.3. Electrochemical bio-corrosion

The toxicity of permanent implants is the main concern. When ions
are released from the substrate, toxicity occurs. Because of how the
the
compounds is a byproduct of wear and fretting debris. Nonimplant

human body works biologically, toxicity of corrosion
able and implantable medical devices consistently utilize the 316L SS
substrate due to its excellent corrosion resistance. Because of its
ionic nature, the human body's biological milieu is hostile to metals.
Another issue with metallic alloys in humans is wear debris. Tissues
and organs are damaged by the ions and debris that are released. The
coating process is one way to protect metals and their alloys from
the harsh environments found in human bodies. Both the untreated
substrate and the biopolymer composite covering have had their
polarization curves examined. Corrosion decreased with the addition
of layers of biopolymer single and composite coating, as seen in
Table 3 where the corrosion rate decreased for the uncoated 3161
stainless steel sample compared to the coated sample with the single
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layer and composite coating layer; this means the corrosion rate
decreased with the single and composite coating layer than the
uncoated sample. Also, it can be noticed from this table that the
open-circuit potential (OCP) value decreased for the uncoated 316L
stainless steel sample compared with single and composite layers
coated sample. Additionally, the corrosion rate decreased from the
coated sample with the composite coating layer. suggesting that the

Hazber et al.

coated sample becomes less active. The base, or uncoated sample,
exhibits a rather large hysteresis loop. The discussion could be
enhanced by deeper comparisons with related literature and more
critical interpretation of the results (AL-Ali et al., 2024; Al-Bawee et
al., 2025; El-Bassyouni et al., 2025; Khethier Abbass et al., 2020)
[36,37, 38, and 206].

Table 3. Corrosion test results for 316L stainless steel alloys (uncoated and coated) in both single- and composite-layer configurations

Sample OCP (V) E corrosion I corrosion Corrosion rate E rep (V)
M) (Amp) (mmpy)
Stainless Steel 316 L. -0.528 -0.168 1.491*10 -5 4.386 x 10 0.203
Zno Coated -0.384 -0.221 6.810 *10 -6 2.003 x 10 0.302
Ha Coated -0.236 -0.062 3.528 *10 -6 1.037 x 101 0.776
Mgo Coated -0.120 -0.208 4.820 * 10 -7 1.417 x 102 -ve loop
65%7Zno+25%Ha+10%Mgo coated -0.219 -0.495 1.231 x 107 3.621 X 103 -ve loop
65%Ha+25%Mgo+10%Zno Coated -0.088 -0.284 8.207 x 108 2.414 x 10 -ve loop
65%Mgo+25%Zno+10%Ha coated 0.112 -0.446 4155 X 108 1.222 X 103 -ve loop

5.0pen Circuit Potential (OCP) measurement

One of the important parameters for achieving electrolyte and
implant balance is the open circuit potential (OCP). Immersing the
samples in SBF solution and monitoring their OCP for 30 minutes
allowed them to reach a steady-state potential. Figure 4 shows the
open circuit potential (OCP) of a 316L alloy substrate that has no
coating and three different coatings —HA, Mgo, and Zno, and
composite layer coating. Obtaining the OCP value from these curves
As compared with uncoated 316L alloy was (OCP = -0. 528V) and
single layer (Zno -OCP=-0.384),(OCP-Ha = -0. 236V), (Mgo-OCP
= -0.120V) . A substantial change towards a more noble direction
(less negative) was seen in the OCP-coated (316 L) alloy, suggesting
excellent thermo-dynamic stability. After immersing 316L alloy, HA,
Mgo, and Zno single-layer coated layers in SBF. Table 4 displays the
results of open circuit potential (OCP). There was a considerable rise

in the ratio of EOCP to coated samples as compared to the uncoated
044
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316L sample, indicating that the coated samples are less prone to
cotrosion. The coated materials' charactetistics that lessen corrosion
through raising the potential are consistent with these findings. In
the second part of the work we applied three layers of coating
(composite coats) and the OCP value 65% Mgo + 25% Zno+ 10%
HA Coated (0.112 V),OCP of 65% Ha+25% Mgo +10% Zno
Coated (-0.088 V) and OCP of 65%Zno +25%HA +10% Mgo
coated (-0.219 V) was . This finding proves that the Zno, Ha, and
Mgo coatings effectively reduced corrosion on the stainless steel
surface by forming a protective layer.

The open circuit voltage value of 65% Mgo+ 25% ZnO+ 10% HA
(0.112V) obtained a positive value, indicating that the composite
coatings were superior to the single coating layer. This indicates that
the coating significantly increases the corrosion resistance of the
implants, as all of them have a higher noble corrosion potential than
the uncoated sample.
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Figure 4. Display Open Circuit Potential (OCP) of single and composite layer coating of (a) Stainless steel 316 L without
coat (b) ZnO coated (c) MgO coated, (d) HA coated, (¢) 65% HA+ 25% MgO+ 10%ZnO coated, (f) 65% MgO +
25% ZnO+ 10% HA coated and (g) 65% ZnO +25%HA +10% MgO coated.

Table 4. shows the results of (open circuit potential) OCP of an
uncoated (316L) alloy, and single and Composite Layers after
immersion in SBF

Type Of Specimens OCP(V)
Stainless Steel 316 L. -0.528
7ZnO -0.384
HA -0.236
MgO -0.120
65%2Z2n0O +25%HA +10% MgO coated -0.219
65% HA+25% MgO +10% ZnO -0.088
65% MgO + 25% ZnO+ 10% HA 0.112

52

6.Potentiodynamic polarization (Tafel

Extrapolation)

The specimens in the SBF solution are depicted in Figure (5)
together with their potentiodynamic polarization curves. Apart from
that, the corrosion parameters, which were modified from the
polarization curves using the extrapolation Tafel method. Tafel
extrapolation analysis was used to obtain the corrosion potential
(Ecorr) and corrosion current density (Icorr) values of composite-
coated Stainless steel 3161, which are generally derived from the
polarization curve. Data from corrosion experiments are shown in
Table 5, for HA-single layer, MgO-single layer, and ZnO-single layer.
The findings that are in line with the MgO, HA, and ZnO coatings
shown a significant decrease in corrosion current (Icorr), an increase

in corrosion potential (Ecorr), and a decrease in corrosion rate. The
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coating creates a barrier layer on the substrate, which makes it
different from untreated 316L stainless steel, induced a decrease in
electrochemical corrosion resistance which In addition, the
discrepancies found in the corrosion current density (Icorr) value
with respect to 316L alloys that have been composite coated, which
show that the coating is protective, however the corrosion current
density is significantly reduced due to the HA single layer coating
(3.528%10-6)(uA/cm2) ,MgO single layer (4.820%10-7) and ZnO
single layer (6.810%10-6) in comparison to Stainless Steel 3160L
substrate (1.491*%10-5 mA/cm?2) is This is due to the fact that the
coating layer likely provides protection and the corrosion potential
of MgO covered is moved toward higher values. (-0.120 V) (-0.236
V) ,MgO coated value (-0.236 V) ,and ZnO coated value (-0.384 v)in
comparison to the Stainless Steel 316L substrate (—0.528 V). All of
the specimens coated with MgO, HA, or ZnO had lower anodic
current densities than the 316L stainless steel specimens. While the
current density in Composite Coating layer 65% MgO + 25%
ZnO+ 10% HA Coated are (4.155%10 -8 pA/cm2) , 65% HA+25%
MgO +10% ZnO (8.207 *10 -8 pA/cm?2) and 65%ZnO +25%HA
+10% MgO coated (1.231 *¥10 -7 pA/cm?2) Depending on the exact
composition and environmental factors, the open circuit potential
(OCP) of composite layers including hydroxyapatite, magnesium
oxide, and zinc oxide might differ from one layer to the next.
Composite layers have better corrosion resistance than uncoated
substrates and coating single layer because their values are often
lower. This is because the layers are more compact and there is less
porosity. The significance of the coating's composition and structure
in affecting electrochemical performance is highlighted by this
phenomenon.

Table 5. Displays the corrosion test results for both uncoated and
coated stainless steel 316 L, including both single- and multi-layer

coatings.

Type of Specimens I corr (pA/cm?) E corr (V)  Corrosion

rate (mpy)
Stainless steel 316 L 1.491 *10 -5 -0.168 4.386*10-1
Zno Coated 6.810 *10 -6 -0.221 2.003*10 -1
Ha Coated 3.528 *10 -6 -0.062 1.037*10 -1
Mgo Coated 4.820 *10 -7 -0.208 1.417*10 -2
65%7no+25%HA+10%  1.231 *10 -7 -0.495 3.621 %10 -3
Mgo coated
65%Ha+25%Mgo+10%  8.207 *10 -8 -0.284 2.414*10 -3
Zno
65% Mgo + 25% Zno+ 4.115*10-8 -0.446 1.222*10-3
10% HA
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Figure 5. Tafel Extrapolation curves of: (a)uncoated Substrateand
and single coated layer (b) Cyclic polarization curves of composite

coating layers

7.Cyclic Polarization
Corrosion parameters, taken from cyclic curves, listed in Table 6 and
Figure 6. Corresponding results of coated samples with (HA, MgO
and ZnO) single layer, and Composite layers indicate a considerable
reduction in corrosion as well as an increase in the potential.

Table 6. Shows Potential of Repassivation for the uncoated alloy

Stainless steel 316 L and coated in single and composite layer

ITEM E rep
ITEM E rep
Base 0.203
ZnO coated 0.302
HA coated 0.776
MgO coated -ve loop
65%2Zn0O +25%HA +10% MgO coated -ve loop
65% HA+25% MgO +10% ZnO -ve loop
65% MgO + 25% ZnO+ 10% HA -ve loop
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Figure (6): Cyclic polarization curves of: (a)uncoated Substrate
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coating layers

8.Conclusions

Positive zeta potential and mobility were shown in the single
layer coating of HA, MgO, indicating that the zeta potential
deposition was cathodic,

Negative zeta potential and mobility were shown in the single
layer coating of ZnO indicating that the zeta potential deposition
was anodic.

Both the zeta potential and mobility were negative in composite
layer, indicating that the deposition was anodic.

A open-circuit potential of the substantial change towards a more
noble direction (less negative) was seen in the OCP-coated (316 L)
alloy, suggesting excellent thermo-dynamic stability.

Decrease in corrosion current (Icorr), with increase in corrosion
potential (Ecorr), and a decrease in corrosion rate, the coating creates
a barrier layer on the substrate.

The findings that are in line with the MgO, HA, and ZnO
coatings shown decrease in corrosion rate from (4.386 X 10-1
mm/y) Stainless Steel 316 L to (1.417 X 10-2 mm/y) Mgo Coated
and (1.222 X 10-3 mm/y) (65%MgO+25%ZnO+10%HA coated.
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