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Utilizing high chromium and nickel content in AISI 304 steel confers its good corrosion resistance.
However, the high content of chromium and nickel increases the steel susceptibility to corrosion caused
by the high concentration of chlorine. Consequently, the electrochemical and mechanical performance
of the steel degrades. In this study, the effect of adding a layer containing a gelatin-dispersed mix of
TiO,-ZrO, nanoparticles on the corrosion rate and critical pitting potential of AISI 304 steel is studied.
Two mix ratios of TiO,-ZrO, nanoparticles to gelatin (0.5:0.5, 0.3:0.7) were used. Three different
fractions of nanoparticles (1 wt. %, 2 wt. %, 3 wt. %) were used for each ratio. Potentiodynamic
polarization examinations were used to measure the corrosion rate and the critical-pitting potential
of the spin-coated AISI 304 steel in a simulated environment containing 3.5 wt. % NaCl. Scanning
electron microscopy (SEM) and energy dispersive x-ray (EDX) were used to study the morphology
of the coated surfaces and the elemental composition of the nanocomposite coatings. The results show
that the hybrid TiO,-ZrO, nanoparticles coatings significantly improved the uniform and localized
corrosion of the AISI 304 steel. Moreover, the results confirm the formation of homogeneous, stable,

and crack-free coatings.
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1. Introduction

The AISI 304 steel is utilized in a wide variety of
industrial and household applications in addition to food
processing equipment because of its high mechanical and
corrosion resistance conferred by its content of chromium and
nickel'*. However, it is susceptible to pitting in environments
containing a high concentration of chlorine’. The problem
is addressed using several techniques including grain
strengthening®$, surface treatment with alloying elements’,
or surface coating by protecting layers'®!. The first two
techniques are expensive and take a long time while the
third technique is easy to perform.

Titanium dioxide (TiO,) and Zirconium dioxide (ZrO,)
are among the most commonly used ceramic particles oxides
as corrosion resistance coatings'*!¢. The use of coatings with
a single oxide exhibits some issues owing to the presence
of pores and cracks in the coatings'”.

Hybrid or multi oxides coatings can potentially combine
the properties of all its constituent components. Also, the
properties of these coatings can be tailored by controlling
the concentrations of its constituents such as the mix ratio
of nanoparticles to overcome the limitations of coating with
a single oxide. Hybrid coatings of TiO,-ZrO, over different
kinds of steel substrates were studied using several methods
to improve the corrosion resistance of the underlying
substrates. Bu et al.'® studied the behaviour of nanostructured
TiO,-ZrO, layers on AISI-202 stainless steel created by the
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sol-gel dip-coating method in a 5 wt. % NaCl solution at
room temperature. Based on this study, the coating enhances
the corrosion protection of AISI-202 stainless steel. Abd El-
Lateef and Khalaf'® investigated the corrosion behaviour of
nanocomposite multi TiO,-ZrO, layers on carbon steel created
by the sol-gel dip-coating technique in 0.1M HCL solution
at 50°C. The electrochemical analysis results showed that
there is an improvement in carbon steel corrosion resistance.
Cai et al.”* used a hybrid TiO,-ZrO, coating on AISI 304
steel by the liquid-phase deposition method. The corrosion
resistance of steel was evaluated in simulated geothermal
water at 50°C by a potentiodynamic polarization test. The
results reveal that the hybrid TiO,-ZrO, coating significantly
enhances the AISI 304 steel corrosion resistance.

Gelatin is one of the promising coating materials for
metallic implants because of its bio-compatibility, good
adhesion characteristics, and its acceptable cost. Recently,
researchers used gelatin as matrix materials in ceramic bio
composites in which ceramic nanoparticles are dispersed*' .

This research investigates the corrosion behaviour of the
spin-coated AISI 304 steel by adding a layer having a mix of
TiO,-ZrO, nanoparticles dispersed in gelatin in a simulated
marine environment containing chloride ion. The protection
against corrosion of selected hybrid TiO,-ZrO, nanoparticles
at different weight percentages and mix ratios dispersed in
a gelatin matrix and created by the spin-coating process is
investigated in a 3.5 wt. % NaCl solution.
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2. Experimental Procedure

2.1 Substrates and their Preparation

Specimens of AISI 304 steel with area and thickness of 55
mm?and 1 mm, respectively, were used as substrates. Before
coating, several steps were followed to treat the substrates to
clean them from dirt and contaminations. They were chemically
etched to improve coating-substrate adhesion. First, the specimens
were etched by a solution of nitric HNO, (70%) and H,0, (30%).
Second, the specimens were sonicated in acetone and deionized
water respectively for 15 minutes for each step. Third, a hot air
stream was used to dry the substrates.

2.2 Preparation of gelatin-hybrid TiO -ZrO, coatings

Several nanocomposites coatings containing a mixture
of two types of ceramic nanoparticles dispersed in polymer
mixture were developed. The used ceramic nanoparticles
were obtained from the US Research Nanomaterials company,
U.S.A. The purity, size, and density of the used nanoparticles
are provided in Table 1. Gelatin type A porcine skin with
molecular weight of 50,000-100,000 (Sigma) was used as
a matrix material to hold the ceramic nanoparticles in the
developed nanocomposites coatings. The procedure described
by Torkaman et al.” was followed to prepare the gelatin matrix.

Table 1. Purity, size, and density of the used nanoparticles.

Nanoparticles Purity (%) Size (nm) Density (g/cm®)
TiO, >99 10-25 3.90
ZrO >99 40 5.89

2

Two main types of nanocomposites coatings were developed:
the first type with a mix ratio of TiO,:ZrO, set to 0.5:0.5 and
denoted composite coating A, the second type with a mix ratio
of TiO,:ZrO, set to 0.3:0.7 and denoted composite coating B.
For each type of the composite coatings, three weight fractions
of the hybrid nanoparticles (1, 2, 3) wt. % were used. The
nanocomposites coatings were prepared at room temperature.
After complete gelatin dissolution and adding the appropriate
percentages of the nanoparticles, a magnet stirrer (Dragon Lab,
MS-H-S) was used for 24 hours at room temperature to ensure
homogeneous dispersion of nanoparticles in the suspension.
Cross-linking is essential to stabilize the gelatin structure
in water. Ethyl-3-(3-dimethylaminopropyl) carbodiimide
(EDC, Sigma) was used as a cross-linking agent. Nine wt. %
EDC solutions in ethanol were added to the suspension and
magnetically stirred for 6 hours at 50°C.

A precision spin-coater (KW-4A, Chemat Technology
Inc.) equipped with a vacuum pump (Gast Manufacturing)
was utilized to coat the AISI 304 steel substrates with the
developed hybrid gelatin nanocomposite coatings. Spinning
speeds of 250 rpm (low) and 2500 rpm (high) were chosen
for all coated samples while spinning time was chosen for all
coated samples to be 15 seconds for the low coating speed
and 30 seconds for the high coating speed.
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2.3 Characterization of the nanocomposite coatings

The surface morphology of the coated substrates was
investigated by scanning electron microscopy (SEM) with energy
dispersive X-ray analysis (EDX) before the corrosion test to
investigate the homogeneity and dispersion of the nanoparticles
within the gelatin matrix, and after the corrosion test to investigate
the effect of corrosion test on the morphology of the coated
samples. EDX was used for elemental analysis and chemical
characterization of the surfaces of substrates and corrosion test
products. The phase identification of the coated samples was
performed using X-ray diffraction (XRD) to confirm the presence
ofhybrid TiO,-ZrO, nanoparticles within the coating on the AISI
304 steel substrates. Direct current polarization (DCP) test was
used to examine corrosion behaviour of the coated AISI 304
steel substrates. Gamry potentiostat Ref 600 corrosion testing
module was used with graphite as a counter while a saturated
calomel electrode (SCE) was used as a reference.

2.4 Statistical analysis

The statistical significance of the examined coating type
of samples was measured using a one-way ANOVA analysis
by Minitab software (Version 18). Differences were chosen
to be significant for P-value < 0.05.

3. Results and Discussion

3.1 Chemical characterization of hybrid TiO -
Zr0, nanocomposite coatings

Figure 1a shows the uncoated AISI 304 steel surface before
conducting the corrosion test. It can be seen that the surface
has a tube-shaped form that was created during the polishing
process by detaching some material from the surface. Many
scratch lines also can be seen in parallel with the polishing
lines. Figure 1b shows the SEM images of a pure gelatin-
coated sample before the corrosion test. It can be seen that
the surface is totally covered by a smooth, homogeneous, and
well-distributed gelatin layers without cracks or defects. Figure
lc shows the SEM images of hybrid TiO,-ZrO, coating with
amix ratio of 0.5:0.5 containing 2 wt. % nanoparticles before
the corrosion test. It is shown that the coating layer covered
the entire AISI 304 steel surface while the hybrid TiO,-ZrO,
coatings distributed uniformly throughout the gelatin. Also,
the difference is shown between ZrO, and TiO, nanoparticles
sizes; ZrO, has a larger average size as compared to TiO,
nanoparticles, which affects the coating nanoscale roughness.
The SEM images show the nano size of hybrid TiO,-ZrO,
(0.5:0.5) nanoparticles in the gelatin coating in addition to some
micro size agglomerations of ZrO, nanoparticles. Figure 1d
shows a hybrid TiO,-ZrO, coating with a mix ratio 0 0.3:0.7
containing 2 wt. % nanoparticles before the corrosion test.
As shown, the coating layer covered the entire AISI 304 steel
surface and the hybrid TiO,-ZrO, 0.3:0.7 wt. nanoparticles,
which are distributed uniformly throughout the gelatin.
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Figure 1. (a) Surface morphology of the AISI 304 steel before conducting the corrosion test, (b) SEM image of pure gelatin-coated sample
before the corrosion test, (c) SEM image of hybrid TiO,-ZrO, coating with mix ratio 0.5:0.5 containing 2 wt. % nanoparticles before the
corrosion test, (d) SEM image of hybrid TiO,-ZrO, coating with mix ratio 0.3:0.7 containing 2 wt. % nanoparticles before the corrosion test.

Figures 2a and 2b show the EDX spectrum and the
quantitative analysis of the coated AISI 304 steel with hybrid
TiO,-ZrO, coating with mix ratios of 0.5:0.5 and 0.3:0.7
containing 2 wt. % nanoparticles before the corrosion test,
respectively. Both the EDX spectrum and the quantitative
analysis prove the presence of hybrid TiO,-ZrO, nanoparticles
in the gelatin coating before conducting the corrosion test.

Figure 3 shows the uncoated AISI 304 steel surface
morphology after the corrosion testing. A brittle salt layer
with many cracks filled with the corrosion products covered
the whole surface. The cracks formation is attributed to
the internal stresses caused by the released gases during
the cathodic reactions, or it can be formed as a result of
the salt layer. Also as seen in the Figure, the uncoated
AISI 304 steel surface filled with many pits of different
sizes. The gelatin coating layer without nanoparticles
completely deteriorated and failed to protect the AISI
304 steel surface from corrosion as shown in Figure 4.
The dispersion of hybrid TiO,-ZrO, of 0.5:0.5 mix ratio

enhances the performance of the gelatin coating in
protecting the AISI 304 steel as proved by the corrosion
test, which does not reveal any obvious cracks or pits while
the ZrO, nanoparticles appear clearly on the surface as
shown in Figure 5. As well, the coating is still stable after
conducting the corrosion test with only shallow cracks
caused by the salt layer; ZrO, nanoparticles appear clearly
on the surface. Generally, the hybrid TiO,-ZrO, (0.3:0.7)
coating shows a better surface morphology and cracks
propagation resistance after the corrosion test than the
hybrid TiO,-ZrO, 0.5:0.5 nanoparticles coating as shown
in Figure 6. Therefore, it is a reasonable indicator of the
stability and the functionality of this coating. Figures 7a
and 7b represent the EDX spectrum and quantitative
analysis of the coated AISI 304 steel with hybrid TiO,-
Zr0O, 0.5:0.5 and 0.3:0.7 nanoparticles dispersed in the
gelatin after the corrosion test, respectively. Figure 7
proves the presence of TiO, and ZrO, nanoparticles in
the gelatin coating after conducting the corrosion test.
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Figure 2. (a) EDX spectrum and quantitative analysis of the coated AISI 304 steel with hybrid TiO,-ZrO, coating with a mix ratio of
0.5:0.5 containing 2 wt. % nanoparticles before the corrosion test, (b) EDX spectrum and quantitative analysis of the coated AISI 304
steel with hybrid TiO,-ZrO, coating with a mix ratio of 0.3:0.7 containing 2 wt. % nanoparticles before the corrosion test.

Figure 4. Surface morphology of the coated AISI 304 steel with gelatin after conducting the corrosion test.
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Figure 6: SEM images of the hybrid TiO,-ZrO, coating with a mix ratio of 0.3:0.7 containing 2 wt. % nanoparticles after the corrosion test.

Figure 7: (a) EDX spectrum and quantitative analysis of the coated AISI 304 steel with hybrid TiO,-ZrO, coating with a mix ratio of
0.5:0.5 containing 2 wt. % nanoparticles after the corrosion test, (b) EDX spectrum and quantitative analysis of the coated AISI 304 steel
with the hybrid TiO,-ZrO, coating with a mix ratio of 0.3:0.7 containing 2 wt. % nanoparticles after corrosion test.
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3.2 XRD analysis

X-ray diffraction (XRD) analysis was applied to
confirm the presence of TiO, and ZrO, nanoparticles
within the gelatin coating. As shown in Figure 8, the
gelatin does not have any clear peak in XRD pattern,
which is compatible with its amorphous nature, while
the XRD pattern of gelatin-hybrid TiO,-ZrO, of 0.5:0.5
mix ratio comprises the main characteristic peaks of
ZrO, at 2Theta (blue arrows: 23.929, 24.278, 28.046,
28.461, 31.301, 33.93 and 35.1 degrees), and the main
characteristic peaks TiO, at 2Theta (green arrows: 24.88,
25.155,37.71, 38.47,40.59, 50.02, 65.52 degree) proving
the presence of hybrid TiO,-ZrO, nanoparticles in this
coating (card no. (01-074-0815))

Figure 8. XRD pattern of gelatin and gelatin-TiO, -ZrO, (0.5:0.5)
nanoparticles on a fused-glass substrate.

3.3 Electrochemical corrosion investigation

Table 2 summarizes the corrosion rates, corrosion potentials

(E,,y> corrosion current densities (I, and critical pitting
potentials (Ep“) that were obtained from the Tafel scans for
all examined samples. Chi-squared values were used to give
information about the goodness of Tafel fit performed on
the samples. The lower Chi-Squared value indicates that the

performed fit is good. The fit is considered acceptable if the
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Chi-squared value is less than 100*. Based on Table 2,1
value can imply significant information about the corrosion
behavior since it has a proportional relationship with the
corrosion rate. The sample that has the least corrosion
current density experiences the best corrosion resistance. In
contrast with the E_  values that cannot give any specific
information about the corrosion trend.

Figures 9 and 10 show the potentiodynamic polarization
curves of the AISI 304 steel spin coated with hybrid
TiO,-ZrO, coating with a mix ratio 0f 0.5:0.5 and 0.3:0.7
containing different weight percentages of nanoparticles
dispersed in gelatin, respectively. It is shown that coating
AISI 304 steel with only gelatin does not achieve any
improvement in the corrosion resistance. Dispersing
hybrid TiO,-ZrO, (mix ratio of 0.5:0.5) nanoparticles in
the gelatin reduces the corrosion rate. Such enhancement
is attributed to the ceramic protective barrier on the AISI
304 stainless steel surface. The corrosion rate decreases
as the fraction of nanoparticles weight increases.
Such results can be explained by the poor mixing of
nanoparticles and distribution throughout the gelatin
matrix, which could increase the macro porosity between
the two different nanoparticle average sizes of TiO, and
ZrO, 10-20 nano and 40 nano respectively. But as the
nanoparticles wt. % increases, the hybrid nanoparticles
distribute more homogeneously through the gelatin and
the porosity decreases significantly between the TiO,
and ZrO, nanoparticles. Therefore, the coating becomes
more effective in enhancing the corrosion resistance of
the AISI 304 steel®. Dispersing hybrid nanoparticles
TiO,-ZrO, 0f 0.3:0.7 mix ratio in the gelatin also reduces
the corrosion rate. Such enhancement is attributed to the
ceramic protective barrier on the AISI 304 stainless steel
surface. The results show also that increasing the hybrid
nanoparticles wt. % in gelatin to 3 wt. % improves the AISI
304 steel corrosion resistance contrary to 1 and 2 wt. %,
whereas the hybrid nanoparticles (at 3 wt. %) distribute
more homogeneously with less porosity throughout the
gelatin matrix; the coating became more effective in
enhancing the corrosion resistance of the AISI 304 steel.

Table 2. Corrosion rates and electrochemical constant values for the uncoated AISI -304 steel sample and the AISI 304 steel coated with

hybrid TiO,-ZrO, nanoparticles dispersed in gelatin samples.

The Examined Samples Pe(::te.llzl)ge Ecorrs (Cn;j‘)] Vs. I, (nA/em?) Co(lil;)?)i(:::pr;te sqi::‘-e d El’“ (‘(]n‘;i;)SCE)
Uncoated AISI 304 steel - -67.7 0.126 9.914 3.89 265
ge"lzttfs :nllil steel with - -87.0 0.154 12.130 351 355
TiO,- ZrO, 0.5:05 1 -157.0 0.041 3.264 432 403
TiO,- ZrO, 0.5:05 2 -118.0 0.045 3.507 7.02 367
TiO,- ZrO, 0.5:05 3 -169.0 0.046 3.584 4.26 410
TiO,- Zr0, 0.3:0.7 1 -155.0 0.048 3.740 3.93 374
TiO,- Zr0O, 0.3:0.7 2 -164.0 0.053 4.158 3.71 396
TiO,- Zr0, 0.3:0.7 3 -54.9 0.033 2.582 30.43 370
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Figure 9. The potentiodynamic polarization curves of the AISI 304
steel coated with hybrid TiO,-ZrO, coating with mix ratio 0.5:0.5
and different weight percentages (1% wt., 2% wt., 3% wt.) of
nanoparticles dispersed in gelatin.

Figure 10. Potentiodynamic polarization curves of the AISI 304
steel coated with hybrid TiO,-ZrO, coating with mix ratio 0.3:0.7
and different weight percentages (1% wt., 2% wt., 3% wt.) of
nanoparticles dispersed in gelatin.

Figure 11 shows the corrosion rate of the AISI 304
steel coated with hybrid TiO,-ZrO, coating with mix ratios
0.5:0.5, 0.3:0.7 and different weight percentages (1% wt.,
2% wt., 3% wt.) of nanoparticles dispersed in gelatin, as
well the corrosion rate of the uncoated AISI 304 steel and
the coated AISI 304 steel with gelatin only.

Figure 11. Corrosion rate (10°mpy) of the AISI 304 steel coated
with hybrid TiO,-ZrO, coating with mix ratios 0.5:0.5, 0.3:0.7, and
different weight percentages (1% wt., 2% wt., 3% wt.) of nanoparticles
dispersed in gelatin, as well the corrosion rate of the uncoated AISI
304 steel and the coated AISI 304 steel with gelatin only.

Figure 12 shows the critical pitting potential behavior of
the AISI 304 steel coated with hybrid TiO,-ZrO, coating with
mix ratios 0.5:0.5, 0.3:0.7, and different weight percentages
(1,2, 3% wt.) of nanoparticles dispersed in gelatin, as well
the critical pitting potential behavior of the uncoated AISI
304 steel and the coated AISI 304 steel with gelatin only. As
shown, the hybrid TiO,-ZrO, (0.5:0.5, 0.3:0.7) nanoparticles
coatings improve the critical pitting potential of the AISI 304
steel significantly due to the formation of stable

Figure 12: Critical pitting potential behavior of the AISI 304
steel coated with hybrid TiO,-ZrO, coating with mix ratio 0.5:0.5,
0.3:0.7, and different weight percentages (1% wt., 2% wt., 3% wt.)
of nanoparticles dispersed in gelatin, as well the critical pitting
potential behavior of the uncoated AISI 304 steel and the coated
AISI 304 steel with gelatin only.

coating layers on the AISI 304 steel surface compared with
the unstable oxide film on the uncoated AISI 304 steel, which
could not sufficiently protect against pitting corrosion®. The
results show that increasing the hybrid nanoparticles weight
percentages slightly enhances the critical pitting potential to
more positive values, whereas increasing the nanoparticles
wt. % causes the hybrid nanoparticles to distribute more
homogeneously through the gelatin matrix, while the porosity
increases significantly. Therefore, the coating becomes more
effective in reducing the pit initiation tendency.

3.4 Statistical analysis

The statistical significance of the coating type was
measured using a one-way ANOVA analysis by Minitab
software (Version 18). Differences were chosen to be
significant for P-value < 0.05. Four groups of specimens
were examined: uncoated AISI 304 stainless steel, coated
AISI 304 steel with gelatin only, hybrid TiO,-ZrO, 0.5:0.5
nanoparticles coating, and hybrid TiO,-ZrO, 0.3:0.7
nanoparticles coating. Statistical procedures based on
the analysis of variance methods were used to analyse
the data. Tables 3 and 4 summarize respectively the
factor information and analysis of variance results of the
corrosion rates of all tested samples. Figure 13 shows the
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interval plot of the corrosion rate (10 mpy) versus the
coating type. ANOVA results indicate clearly that there is
a statistically significant difference between the corrosion
rate of the coating types, uncoated AISI 304 steel, coated
AISI 304 steel with gelatin only, hybrid TiO,-ZrO, 0.5:0.5
nanoparticles coating, and hybrid TiO,-ZrO, 0.3:0.7
nanoparticles coating, whereas the p-value is less than 0.05.
Table 5 summarizes the analysis of variance results of the
critical pitting potential for all coating types: uncoated AISI
304 steel, coated AISI 304 steel with gelatin only, hybrid
TiO,-Zr0, 0.5:0.5 nanoparticles coating, and hybrid TiO,-
Zr0, 0.3:0.7 nanoparticles coating. Also, Figure 14 shows
the interval plot of the critical pitting potential versus the
coating type. ANOVA results indicate clearly that there is
a statistically significant difference between the corrosion
rate of the four coating types, uncoated AISI 304 steel,
coated AISI 304 steel with gelatin only, hybrid TiO,-ZrO,
0.5:0.5 nanoparticles coating, and hybrid TiO,-ZrO, 0.3:0.7
nanoparticle coating, whereas the p-value is less than 0.05.
It is shown that all coating types can significantly improve
the critical pitting potential of the uncoated AISI 304 steel.
This characteristic is due to the formation of the coating
layers on the AISI 304 stainless steel surface compared
with the unstable oxide film on the uncoated AISI 304
stainless steel, which could not sufficiently protect against
pitting corrosion®.

Table 3. Coating type factor levels.

Values

Uncoated AISI 304 steel; Coated
steel with gelatin only; coated steel
with TiO,- ZrO, 0.5:05; Coated steel
with TiO,- ZrO, 0.3:0.7

Factor Levels

Coating Type 4

Table 4. ANOVA test results of the corrosion rate versus coating type.

Source  DF  AdjSS ﬁquj F-Value P-Value
Coating

3 120.6 40.21 3.68 0.032
Type
Error 18 196.7 10.93
Total 21 317.3

Figure 13. Interval plot of corrosion rate (10~ mpy) versus the
coating type.
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Table 5. ANOVA test results of the critical pitting potential (Ep“)
versus coating type.

Source DF AdjSS AdjMS F-Value P-Value
Coating Type 3 14704 4901.4 1446 0.000
Error 18 6102 339.0
Total 21 20806

Figure 14: Interval plot of the critical pitting potential (V vs. SCE)
(mV) versus the examined sample type.

4. Conclusions

In this study, gelatin-hybrid nanocomposite coatings were
created using the spin technology over the AISI 304 steel
substrates. The effect of the weight fraction and mix ratio
of TiO,-ZrO, nanoparticles dispersed in the gelatin matrix
of composites on the corrosion rate and the critical pitting
potential of the underlying substrates were studied. Based on
the results of this study, we draw the following conclusions:

1. Coating the AISI304 steel with gelatin only does
not improve the corrosion rate.

2. Hybrid nanocomposites coatings with a mix ratio of
0.3:0.7 have corrosion resistance that outperforms
the resistance of coatings with a mix ratio of 0.5:0.5.

3. Hybrid TiO,-ZrO, nanoparticles dispersed in the
gelatin matrix could significantly enhance the AISI
304 steel electrochemical properties compared with
the uncoated AISI 304 steel and gelatin-coated
samples.

4. The statistical analysis results indicate clearly
that there is a significant difference between the
corrosion rate of the four coating types (uncoated
AISI 304 steel, coated AISI 304 steel with gelatin
only, hybrid TiO,-ZrO, 0.5:0.5 nanoparticles coating,
and hybrid TiO,-Zr0, 0.3:0.7 nanoparticles coating).
It is shown that all coating types can improve the
critical pitting potential of the uncoated AISI 304
steel significantly. This improvement is due to the
formation of the coating layers on the AISI 304
stainless steel surface compared with the unstable
oxide film on the uncoated AISI 304 stainless
steel, which could not sufficiently protect against
pitting corrosion.
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