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Abstract
This study employed two alloys of AISI (316,304) Stainless steel to improve the mechanical characteristics. In addition, the
corrosion rate achieved by pulse laser deposition (PLD) can be reduced by applying a ZnO coating. Zinc oxide has garnered
significant interest. Biomaterials have long been well-acknowledged for their use in dentistry and medical applications. Using
an optical microscope examined the coating morphology, scanning electron microscopy (SEM), and energy-dispersive X-ray
spectroscopy (EDS). The corrosion protection has been examined by assessing the mechanical characteristics when submerged
in saliva with a pH of 5.6. The surface alteration is assessed using roughness and microhardness measurements. The corrosion
resistance of all samples is superior to that of bare AISI (316, 304) stainless steel.
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1. INTRODUCTION

To balance high mechanical resistance and resistance to environ-
mentally induced corrosion in standard atmospheres, stainless
steels like 316 and 304 are widely used (Redkina et al., 2020;
Saboori et al., 2019). The substrate is insulated by a nanometric
layer of chromium oxide that acts as a ceramic barrier coat-
ing, providing an insulating ability. This is made possible by a
nanometric layer of chromium oxide acting as a ceramic barrier
coating (Kumar and Acharyya, 2019; Weisenburger et al., 2011).
Stainless steels are known for their protective layer that exhibits
self-healing ability. The layer is composed of chromium oxide
and can be re-formed spontaneously in the presence of oxygen if
it is removed or scratched away. However, in highly aggressive
environments that contain Cl– and/or S –

2 ions, stainless steels
may not have sufficient corrosion resistance, especially at high
temperatures or extreme pH levels above 12 or below 2 (Andrei
et al., 2019; Sánchez-Tovar et al., 2012).

Mouth metals must not produce harmful corrosion products;
even safe metals can create toxic compounds (Phillips, 1973). It is
worth mentioning that the mouth is an ideal environment for the
formation of corrosion products. The oral cavity is always moist
and exposed to temperature changes. Our food and drinks have
varying pH ranges, which can release acids during digestion. As
a result, food particles tend to cling tightly to metallic restora-
tions, creating a concentrated area that is highly conducive to an

accelerated chemical reaction between the metal or alloy and the
oral environment (Duffo and Castillo, 2004). Saliva is vital for
testing dental materials. Corrosion can be minimized by using
modern alloys, thin films, and coatings on the metal surface
(Xu et al., 2014). Pulsed Laser Deposition (PLD) is a technique
used to deposit unique materials (thin films) onto a substrate. In
this process, a high-power pulsed laser is used to focus on the
desired target in a vacuum chamber. PLD process offers several
benefits over other techniques, such as spray welding or plating,
as it gives a stronger metallurgical bond with less heat input and
minimum dilution. The PLD process is also highly controllable
and produces a low Heat Affected Zone (HAZ) (Aperador et al.,
2016). Nanomaterials can enhance active corrosion protection in
coatings, prolonging their lifetime. They are effective inhibitors
due to their high efficiency, low cost, low toxicity, and ease of
production (Shen et al., 2014). Nanoparticles have an advantage
in protecting materials against corrosion. Due to their small
size, they have a larger surface area, which increases the number
of surface atoms and enhances their physical, mechanical, and
physicochemical resistance (Fedel and Deflorian, 2016). Zinc
oxide’s high biocompatibility and fast electric transfer kinetics
make it suitable for use as a biomimetic membrane to immobilize
and modify biomolecules (Jin et al., 2009). In many literatures,
it can be learned that nano ZnO offers better performance than
bulk ZnO. Zinc is a necessary element for our health. Addition-
ally, ZnO nanoparticles have good biocompatibility with human
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cells (Singh et al., 2013). Metal and its oxide nanoparticles are
effective in controlling corrosion. They can be easily applied
as a corrosion inhibitor on metallic surfaces. Many researchers
have reported that the adsorption of metal nanoparticles and
their oxides on metal surfaces can offer a corrosion inhibition
phenomenon. Recent reports have shown that using metal and
their oxide nanoparticles, such as Cu2O and ZnO, can improve
corrosion resistance (Hasnidawani et al., 2017), ZrO2, SiO2 (Wu
et al., 2014).

2. EXPERIMENTAL SECTION

2.1 Materials
Zinc nitrate Zn[NO3]2.6H2O with purity of (99%) from THOMAS
BAKER company / India. Double distilled water were the mate-
rials employed in this study and ammonia solution 25% NH4OH.

2.2 Samples Preparation
We used tempered steel composites (316, 304) cut into round
structures with a width of 20mm and a thickness of 5mm. The
metallography was used to clean the samples, cleaning papers,
and Al2O3. Each sample was mounted using EPOXY material
(A:B) and solidified for 30 minutes. The samples were punched,
wired, and inspected using an ovometer instrument before the
erosion began. Figure (1) shows the final look of the samples.

Figure 1. Preparation Alloys for Corrosion Test

2.3 Preparation of Zinc Oxide Nanoparticles (ZnO-NPs)
We prepared zinc oxide nanoparticles (ZnO-NPs) in our experi-
ment using the co-precipitation method. To do this, we added
11.9 g of zinc nitrate to 150 mL of double distilled water and
continuously stirred until the zinc nitrate was completely dis-
solved. We then slowly added NH4OH solution (%25) drop by
drop and constantly stirred with a magnetic stirrer until the pH
reached 11, which resulted in a white solution. Afterward, we
washed the nano zinc oxide twice with double distilled water
to remove any by-products and dried it at 140◦C in a hot oven.

Finally, the ZnO nanoparticles were calcinated in the oven at
550◦C for 2 hours (Alwan et al., 2015). In the experiment depicted
in Figure (2), I utilized artificial saliva to conduct the corrosion
test. To achieve the desired pH level similar to that of human
saliva (5.6), I added HCl acid. It is worth noting that human
saliva’s pH level is associated with various health conditions.
Some examples of chronic diseases include cancer, diabetes, high
blood pressure, and kidney disease. Diseases. Moreover, the pH
level of saliva varies with age, with adults having more acidic
saliva than children. Food and drink intake can also modify the
pH level of saliva (Meyer and Nally, 1975).

Figure 2. Preparation of ZnO NPS

Figure 3. Set Up of Pulsed Laser Deposition (PLD) System

2.4 Chemical Compositions of Alloys
The chemical composition of the samples was analyzed using
SPECTRO MAXx Instruments provided by AMETEK Materials
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Analysis. The results of the analysis are displayed in Table 1.
Let me know if you want me to modify it further. It can be
found on the Ministry of Planning’s Central Organization for
Standardization and Quality Control website.

2.5 Pulse Laser Deposition (PLD)
Let me clarify the details of the PLD system for you. It comprises
several crucial components, such as an Nd: YAG laser, a depo-
sition chamber, a target, a substrate, a substrate heater, and a
vacuum system. You can find a schematic diagram of all these
parts of the PLD system in Figure (3). Various conditions were
altered and documented throughout the process in Table (2). The
PLD process was conducted at the Postgraduate Laboratory in
the Laser and Optoelectronics Engineering Department at the
University of Technology.

2.6 Corrosion Test
A Digi-ivy, Inc. potentiostat/galvanostat (DY2323) operated by
a computer was used to take the voltammetric measurements
in the Figure (4). The durability of the coatings was assessed
in terms of their corrosion resistance. In a saliva solution at
room temperature that was not stirred and had a pH of (5.6).
The cell comprises three electrodes: a reference electrode made
of Ag/AgCl, a counter electrode made of platinum wire, and a
working electrode made of samples (304, 316) SS (Aperador et al.,
2016). With the aid of an appropriate sticky polymer and just 1.0
cm2 of their surface coming into touch with the solution, sam-
ples are shielded against crevice corrosion. The potential range
beginning at around 4000 mV was measured using linear sweep
voltammetry at a scan rate of 0.1 V/s. To determine specific
electrochemical properties, we utilized the Tafel extrapolation
method for calculation. The corrosion current density (color),
polarization resistance (Rp), and other experimental data using
the Corrosion Test Software (Hasnidawani et al., 2017).

Figure 4. Sketch of Corrosion Test

3. RESULTS AND DISCUSSION

3.1 X-Ray Diffraction
The X-ray diffraction results indicate that the material produced
at a temperature of 550°C is a ZnO nanoparticle. The spectra
show ZnO’s typical hexagonal wurtzite structure, as per the stan-
dard card (JCPDS No. 79-0208). The matching diffraction peaks
at 2𝜃 of 36.50°, 32.01°, and 34.67° correspond to (100), (002), and
(101) planes, respectively. Figure (5) displays ZnO powder shows
a crystalline, hexagonal structure through X-ray diffraction pat-
terns. The crystallinity of ZnO improves after annealing at 550°C,
as indicated by sharper and higher peak intensities in the an-
nealed ZnO sample identified through standard data (Baruah
and Dutta, 2009). The Debye-Sherrer Equation (1) was used to
estimate the mean size of the as-prepared ZnO nanoparticles,
around 28 nm (Lupan et al., 2010).

D =
𝐾𝜆

𝛽 cos 𝜃
(1)

Figure 5. This Image Displays the X-Ray Diffraction Patterns of
the ZnO Powder

3.2 Micro-Hardness
The microhardness of dental alloys (316, 316) stainless steel
was measured using the Microhardness method before and after
coating them with ZnO. Pulse laser deposition (PLD) processing
was conducted under fixed conditions, as per Table 3. Before
ZnO coating, the alloys had a microhardness value of about 200
HV. After ZnO coating processing, the measurements ranged
from 295.8 HV to 335.8 HV for (304, 316) SS, respectively. The
primary reason for improving microhardness is the solution’s
strengthening effect containing the ZnO element (Baruah and
Dutta, 2009).
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Table 1. Chemical Composition of 316 and 304 Stainless Steel (wt%)

Composition C Cr Ni Mn Mo Si P S N Co Fe
316(wt%) 0.049 16.817 10.02 1.109 2.093 O.454 0.029 0.001 0.005 0.205 base

Composition C Si Mn P S Cr Ni Al Cu Fe
304(wt%) 0.065 0.262 1.48 0.0269 0.420 17.93 8.71 0.0046 0.436 Bal.

Table 2. Film Deposition Parameters

Parameters Type and/or size
Material Target ZnO nanoparticles

Substrate 316, 304 stainless steel
Laser parameter Wavelength [nm] 1064

Repetition rate [Hz] 3
Energy [mJ] 1000

Pulse number [shot] 500
Pulse width [ns] 10

Pressure parameter Base pressure [mbar] 10−2
Target parameter Diameter [cm] 2

Thickness [cm] 0.5
Substrate parameter Area [cm2] 3.14

Thickness [cm] 0.5
Temperature [C] 200°

Distance between Contact (L) [cm] 12

Figure 6. The SEM of Alloys (316, 304) Stainless Steel Surface Before and After Applying ZnO Coating by PLD
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Figure 7. The EDS of Alloys (304 (a), 316 (b)) Stainless Steel Surface After Applying ZnO Coating by PLD

Table 3. The Result of Micro Hardness and Roughness

ZnO-316 SS ZnO-304 SS
Micro-hardness 200 335.8 200 295.8
Roughness 0.039 0.284 0.03 0.144

3.3 Surface Roughness
The study measured the surface roughness of dental alloys,
namely stainless steel 304 and 316, before and after coating
them with ZnO through pulse laser deposition (PLD) process-
ing. The initial surface roughness value was Ra= 0.03 nm before
applying the ZnO coating. However, after the coating process,
the surface roughness value increased to 0.144 nm for 304 SS
alloy and 0.284 nm for 316 SS alloy. The findings are presented
in Table 3 (Baruah and Dutta, 2009).

3.4 SEM and EDS Measurement
SEM images of the surfaces of 316 and 304 stainless steel samples
treated with ZnO coating using PLD are displayed in Figure (6).
The Figure displays the surface of the (304,316) SS alloy and
the crystallites formed by ZnO coating on 316 and 304 alloys.
The applied treatments resulted in better corrosion performance.
Coated samples have a smooth, defect-free surface. Figure (7)
shows the uniform distribution of Zn, O, and Fe elements on
304 and 316 stainless steel samples treated with ZnO coating. O
distribution follows the Zn distribution, indicating the formation
of Zn oxide in both samples (Baruah and Dutta, 2009).

3.5 FE-SEM Measurement
The morphology of ZnO nanoparticle coating on 304 and 316
stainless steel samples was studied using pulsed laser deposition
(PLD) and field emission scanning electron microscopy (FE-SEM).
FE-SEM images of the ZnO nanoparticle coatings on 304 and
316 stainless steel are presented in Figures 8a and b, respectively.

Figure 8. The FE-SEM Images of 304, 316 Stainless Steel,
Respectively (a), and the ZnO Nanoparticles Coating on 304-316
Stainless Steel After the Corrosion Test (b)

Before the ZnO coating, the surfaces of the alloys were rough and
showed cracks due to agglomeration of the ZnO nanoparticles,
resulting in surface corrosion. Figure 8b shows that the surface
of alloys with ZnO coatings have uniform dispersion and are
homogeneously distributed all over the surface with only a few
agglomerations. Additionally, the coatings exhibit a smooth
surface with no apparent cracks or other defects. In comparison,
316 stainless steel alloys with ZnO coating were found to have
better inhibitors than 304 stainless steel alloys with ZnO coating
because they did not show pitting corrosion on their surface
(Samad et al., 2018).
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Table 4. Corrosion Parameters of Untreated 316, 304 SS Alloys in a Artificial Saliva at 37◦C

Icorr Ecorr ba bc Rp Efficiency
(𝜇A/cm2) (mV) (mV/dec) (mV/dec) (kΩ.cm2) %

Zno-304 69.07 -747.47 134.6 112.8 0.69 41
ZnO-316 8.14 -923.33 110.8 146.5 0.081 95

Figure 9. Tafel Plot of 316 SS Aalloy Before PLD

Figure 10. Tafel Plot of 304 SS Alloy Before PLD

3.6 Corrosion Tests Results
The surface treatment that is used to study its effect on corrosion
resistance nanoparticle coating (ZnO) on stainless steel alloys.
The circumstances accompanying this process are listed in Table
4 and Figures (9-12). Table (4) presents the polarization behavior
of two dental alloys treated in artificial saliva at pH= 5.6 and
37◦C. The results indicate that the polarization curves consist
of two regions: the anodic region (upper section of the curve),
where metals or oxidation dissolve. Sometimes, the presence of
these acidic saliva yields increases the dissolution of metals in
316,304 alloys to take a wide range of potentials in the anodic

region. It is possible to observe the corrosion current densities.
They have higher values, and 316 SS alloys were more effective
than 304 SS alloys in decreasing corrosion current density after
nanoparticle coating (ZnO). On the other hand, nanoparticle
coating (ZnO) treatment for the two dental alloys gave a width
in the passive region. The polarization behavior of treated alloys
in the presence of nanoparticle coating (ZnO) in artificial saliva
shows more corrosion potential. The corrosion rate for treated
ZnO nanoparticles decreased in saliva solutions (Samad et al.,
2018).

Figure 11. Tafel Plot of ZnO-316 SS Alloy by PLD

Figure 12. Tafel Plot of ZnO-304 SS Alloy by PLD
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4. CONCLUSION

Dental alloys of 316 and 304 stainless steel are known for their
excellent corrosion resistance properties. However, patients with
diseases that affect the pH level of their saliva, such as cancer,
diabetes, high blood pressure, kidney diseases, etc., may experi-
ence raised acidic mouth liquid, which can lead to corrosion of
dental alloys. In such cases, coatings with ZnO by pulsed laser
deposition (PLD) can be beneficial in improving the corrosion
behavior of dental alloys.Food and drink can also change the pH
level of saliva, and age may also play a role. Adults, for instance,
tend to have more acidic saliva than children. Coating dental
alloys with ZnO can improve their mechanical properties and
corrosion behavior. The treated samples exhibit lower corrosion
current values than the untreated samples. The deposition of
ZnO films reduces the corrosion currents. ZnO nanoparticles
ceramic synthesized using co-precipitation can effectively coat
dental alloys. The XRD spectrum shows the hexagonal structure
of ZnO annealed at 550°C. The microhardness and roughness
of dental alloys increase with ZnO coating. SEM images show
that the morphology of surface particles changes to a sphere-like
shape, and corrosion decreases in dental alloys with ZnO coat-
ing.The FE-SEM image reveals that dental alloys have a pH of 5.6
when immersed in saliva. Dental alloys with ZnO coating offer
better protection, and the corrosion ratio is lower than without.
Dental alloys with ZnO coating also exhibit different surface
corrosion types, such as general corrosion and pitting corrosion.
Compared to 304 SS, alloys 316 SS with ZnO coating are better.
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