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In this study, we deposited the Al-Os nanostructure on 304 stainless steel using
PLD technique. The stainless-steel specimens were successfully coated with
Al:O; nanostructure, and surface morphology was examined using an optical
microscope. The findings confirmed the nanostructured nature of the films.
Tafel curve analysis was used to determine the polarization of the sample
before being subjected to laser shock peening treatment. Additional tests were
then carried out on the samples following pulse laser deposition.

1. Introduction

Research has shown that coatings, thin films,
and modern alloys applied to the metal surfaces
can be used to reduce corrosion. However, to
improve the properties of metals—like hardness,
roughness, and corrosion resistance—recent
studies have used the laser surface treatment of
metal for this purpose [1, 2]. A novel technique for
treating surfaces is known as “laser shock
peening”, which has been described as the
introduction of mechanical residual stresses as
deep compressive shock waves to the surface of
the target [3-5]. Concerning this, the obvious
option for medical device requirements is the
focus on properties of 304 stainless steel. This is
because it offers distinctive material features at a
competitive price range. Additional important
aspects that contribute to the suitability of stainless
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steel 304 for use in medical purposes include its
excellent dependability, manufacturing accuracy,
outstanding formability, corrosion resistance, and
low carbon content. Additionally, it has been
widely used in medical implants and artificial hips,
due to its sanitary and simple-to-clean attributes. It
has also been utilized in medical equipment such
as orthopedic beds, cabinets, and examination
machines. For pill hoppers and funnels as well as
for piping creams and liquids, pharmaceutical
industries have used stainless [6].

For developed surface applications, the
coatings have been made using PLD procedures
from nanosized grains and metals, which are
considered to be some of the promising filters [7,
8]. Due to their exceptional qualities, which are
uncommon in conventional coatings, such
coatings have considerable promise for a variety

of applications. These include heightened
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toughness, reduced porosity, elevated corrosion
resistance, and wear resistance [9]. The PLD is a
process that uses a high-power pulsed laser that is
focused in a vacuum chambers to strike the target
in order to deposit specific material (thin film)
onto a substrate. Furthermore, the PLD method
provides a metallurgical bond that is stronger than
the mechanical connections produced by plating
procedures or spray welding. It also provides
regulated and low heat input with little dilution
and Heat-Affected Zone (HAZ). Minimal stress
and distortion created by the rapid rate of cooling
are effective in terms of the cost of manufacturing
[10]. Hence, in this study, we used PLD to deposit
Al20s thin films on 304 stainless steel substrates
for enhancing the corrosion rate, that is common
in various medical applications.

2. Experimental Work

A disk measuring 2 cm in diameter and 6 mm
thick was employed. The Al:Os nanomaterial
powders used for this were provided by Gamma
and were of a high purity (99.95%), with an
average particle size of 15 nm. Further, the 304
stainless steel substrates were used for depositing
thin films by pulse laser deposition with diameter
(20 mm) and thickness of (5 mm). The chemical
composition of these samples was determined by

using SPECTRO MAXx Instruments (AMETEK
materials analysis) located at the “Ministry of
Planning Central Organization for Standardization
and Quality Control.”

All samples were mounted using “EPOXY
material (A:B)”, which was created by mixing two
components by 1:0.5. Then, the sample was placed
in a metal mold. This was followed by the addition
of the material. After that, time was given for the
sample to harden. This was carried out for a
quarter-hour before punching a hole through the
sample to connect an external wire that touches it
from the inside. Through these steps, access was
ensured and confirmed. Before starting the erosion
process, the sample was placed in the corrosion
cells. The avometer device was used to examine
the connection between the sample and the wire. It
is important to note that the top surface of the
sample was left unprotected by this procedure.

2.1 Experimental Set Up of Pulse Laser
Deposition (PLD)

The NdYAG laser,
chamber, substrate heater, substrate, and vacuum
system are the core elements of the PLD-system.
This procedure was carried out under some
essential circumstances, which are listed in Table
1 below.

target, deposition

Table 1. Nano Film parameters of the deposition.

Deposition Parameters

Units

NanoMaterial

Parameter of pulsed Laser

Pressure parameter
Target Parameter
Substrate parameter
Distance between

Target
Substrate

Wavelength, Energy, Repetition rate, Pulse
number, Pulse width

Base pressures
Thickness, Diameter
Temperature, Thickness, Area
contact “L”

Al>Os nanomaterial
304 stainless steel

700mJ, 532 nm, 150
shot, 3 Hz, 10ns

102 Torr
20 mm, 5 mm
0.5cm, 3.14cm?, 150C
12cm

The PLD procedure was achieved with some
steps. First, the pulsed laser deposition experiment
was conducted in vacuum chambers, typically at a
vacuum level of (103 Torr). Second, a focused
Nd:YAG SHG Q-switching laser beam was used
to make a 45° angle with the target surface. Third,
the films were applied to substrates made of 304
stainless steel at a temperature of 150 °C and a
laser energy of 700 mJ. A Q-switched Nd:YAG
laser with SHG operating at 532 nm with a pulse
repetition rate of 3 Hz, for 150 shots, was used for
the deposition. Before the deposition of the thin

film, both the required sample and substrate were
ready. It is essential to mention that all procedures
of PLD were performed at the “Postgraduate

Laboratory/Laser and Optoelectronics
Engineering  Department,  University  of
Technology.”

Some measurement techniques, including
XRD, SEM, and AFM, were used to examine the
characterizations of the sample in order to test the
shape and structure of the ALO; thin film. This

method provided data on phase contrast
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measurements, crystal size, crystallization levels,
and material composition. In the Shimadzu 6000-
XRD, continuous scanning was the selected mode,
with a scan velocity of (10 degrees per minute) and
an X-ray tube of Cu 1.5406 in the XRD apparatus.
The AFM is one of the first apparatus for imaging,
scaling, and impacting matter at the nano-scale.
AFM, kind Angstrom, Scanning Probe
Microscope, development Inc., (SPM-AA-2000),
product of USA, were utilized. The microstructure
and the ultimate structures of the films were
examined using scanning electron microscopy.
Additionally, a  Filmetrics F20  optical
reflectometer was used to measure the thickness of
the prepared samples.

3. Results And Discussion

3.1 Results of Chemical Composition

The chemical makeup of the stainless-steel
samples was determined by analysis. The element
compositions for the samples are listed in Table 2.

Table 2. The Chemical composition of the
prepared samples.

Sample Content
Fe% Bal.
C% 0.065
Si% 0.262
S% 0.42
Ni% 8.71
P% 0.0269

Mo% 0.588
Cr% 17.93
Al% 0.0046

Mn% 1.48
Cu% 0.436

3.2 Surface Analysis Results

Three types of tests were used for surface
analysis for all samples before and after laser
treatment, pulse laser deposition and corrosion
test, as follows:

3.3 Microstructure Results

The sheet was cut into circular forms with a
diameter of 14 mm and a thickness of 2 mm. Next,
the circular forms were polished and ground to
achieve the same level of surface roughness for all
samples. Figure 1 displays the optical microscope
picture of one of these samples, following the

completion of the laser shock peening surface
preparation procedure. Figure 1 also shows the
microstructure of the metal’s surface, following
laser shock peening.

Figure 1. The microstructures of metal's surface
with magnification 100X after laser treatment.

3.4 XRD Results

XRD was utilized to quantify the residual
stress caused by hardness in heat treated materials
[11]. Figure 2 shows the XRD patterns of alloys,
which are (A) 304 stainless steel/Al:Os after PLD
without LSP and (B) 304 standard stainless steel.
The samples tested under optimum
conditions of laser parameters (532 nm, 700 mJ,
4mm and 150 pulses at room temperature). The
diffraction peak positions (20) of 304
samples/Al:Os after PLD without LSP exhibited at
(34.2000°, 43.3279°, 50.34127°, and 74.4143°)
which correspond to (104, 111 and 113, 200, and
220) planes. These are matched with reference

were

[12]. Furthermore, the diffraction peak positions
(20) of 304 stainless steel /Al2Os alloy with LSP
exhibited at (43.3822° and 50.7023°) which
correspond to (113 and 024) planes. These are also
matched with reference [12, 13]. Finally, the
diffraction peak positions (20) of standard sample
exhibited at (43.3033 °, 50.3897°, and 74.4430°
which correspond to (111, 200, and 220) planes.
According to reference [14, 15], these are
consistent with the standard values of crystal
planes. The compressive residual stress at the
material surface increased, leading to a higher
dislocation density produced by laser shock
peening effects [16, 17].
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3.5 AFM Results

After PLD, Figure 3 illustrates the results of
AFM analysis of the surface layers. It is clearly
seen that the surface layer of the samples before
and after PLD have much reduced average original
grain sizes. However, the average grain size
increased to 169.31 nm after PLD. The dislocation
movement and dispersion strengthening induced
by the LSP process and PLD method were found

to be responsible for the refinement of the grain
size in the near-surface region. After LSP, an
interaction between the laser shock wave and the
metal target occurred near the target surface. This
subsequently increased the dislocation density and
deformed the microstructure close to the surface.
Furthermore, the surface roughness decreased to
9.19 nm due to the ablation processes, which are
associated with laser shock wave treatment at the
surface. [18, 19]

Figure 2. X-RD of patterns (A) 304 stainless steel
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Figure 3. AFM image and histogram of 304 stainless steel /Al.Os after PLD without LSP

Figure 4 illustrates the thickness of the
nanofilm deposited wusing a photo-reflection
device. It can be observed that when the pulse
count increased from 50 to 150 pulses, an increase
in the Nano film thickness was noticed. This
increase indicates a strong correlation with
positive changes in grain size, resulting in the
sustainment of smoother surface. After 200

pulses, the thickness decreased from 415 nm to
295 nm as the pulse count increased from 150 to
250 pulses [20, 21].
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Figure 4. Film thickness versus Number of
pulses of Al2Os nanostructures

4. Conclusions

The ALOs; nano-structure results show that
the coating is free of cracks, uniform, and
compact. It was deposited on 304 stainless-steel
using the PL technique, with and without the
addition of PEG. The morphological observations
(optical microscopy) and measurements of the
AlOs-coated stainless-steel specimens confirm
the nano-structured nature of the films.
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