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Abstract

Corrosion is the term for damage to metallic materials brought on by the metal's contact with its surroundings. This procedure
uses high-power laser radiation to create permanent markings while also altering the material's surface structure. But a
material's vulnerability to corrosion can also be impacted by laser marking, especially when 304L stainless steel is exposed to
saltwater. This study aims to identify the laser marking parameters, the impact of immersion time on laser marking quality,
and the rate of corrosion of 304L stainless steel in saltwater. This study employed a 90-day immersion period A laser marking
method was used to mark the surface of 304L stainless steel. Quality testing was made possible by analyzing the material's
weight loss following the laser branding procedure. A laser marking method was used to mark the surface of 304L stainless
steel. The quality of the laser marking was evaluated by measuring the weight loss of the material following the immersion
procedure. The degree of corrosion on the material’s surface is indicated by this weight loss. According to the research
results, when the stainless steel surface has corroded, the ideal parameters-Power 10%, Frequency 10 kHz, Speed 500 mm/s,
and immersion duration-can impact the quality of laser marking. For example, after 90 days of immersion in seawater, the

corrosion rate for 304L stainless steel was 0.000003160 mpy.
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1. INTRODUCTION

Stainless Steel 304L is widely used in various industries,
such as automotive, aerospace, construction, and others.
Because of its strength, corrosion resistance, and ability to
withstand different enviroments. The Export of stainless
steel slabs grew from 302919 tons in 2017 to 459502 tons
during January-September 2018, while stainless steel HRC
surged from 324108 tons to 877990 tons in the same period
(Boillot and Peultier, 2014; Pauliuk et al., 2013; Rossi et al.,
2024). Stainless steel 304L is one type of stainless steel that
has good mechanical strength and corrosion resistance. Nu-
merous businesses, particularly the shipping and maritime
sectors, make extensive use of this material (Radhamani
et al., 2019; Reclaru et al., 2025). However, using stainless
steel 304L in seawater-containing situations might cause
corrosion problems that shorten the material’s lifespan and
reduce its performance (Shokri and Fard, 2022).

Damage to metal materials from a reaction between the
metal and its surroundings, which produces metal oxides,

metal sulphides, or other reaction products generally referred
to as rusting, is called corrosion (El Maghfiroh et al., 2019;
Tian et al., 2022). Therefore, the problem of rusting needs
to be addressed. The improvement of material properties,
which can be achieved by mixing metals with other metals
that have higher qualities, is one way to combat corrosion For
instance (Qian et al., 2015). Because it includes at least 18%
chromium and 8% nickel, stainless steel, as it is often called,
is a corrosion-resistant steel variety Because it includes at
least 18% chromium and 8% nickel, stainless steel, as it is
often called, is a corrosion-resistant steel variety Because
it includes at least 18% chromium and 8% nickel, stainless
steel, as it is often called, is a corrosion-resistant steel va-
riety (Tuthill and Covert, 2000). The corrosion-resistant
properties of stainless steel do not automatically make it
immune to corrosion, because in reality, stainless steel can
experience grain boundary corrosion, crevice corrosion, and
stress corrosion cracking Although (Kothari, 2017).

Fiber Laser Marking is a technology that can be used
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to mark metal surfaces with high speed, high precision,
and without damaging the surface (Korakana et al., 2020),
This process uses a laser light focused on the surface of
the workpiece, thereby leaving a permanent mark on the
metal surface (Cioboata et al., 2021). However, some studies
indicate that the fiber laser marking process can affect the
corrosion resistance of 304L stainless steel, as the fiber
laser marking process generates high temperatures that
can damage the surface of the stainless steel (Lazov, 2015;
Lecka et al., 2016). One way to test corrosion resistance
is by measuring the corrosion rate, which is the speed of
mass or thickness reduction of the material due to chemical
reactions with the surrounding environment (Mekonnen,
2026). In a seawater environment, stainless steel 304L can
be subjected to electrochemical corrosion caused by the
presence of oxygen, chloride, and moisture. This corrosion
can damage the passive protective layer on the surface of
the material and reduce its corrosion resistance (Dong et al.,
2013). Additionally, when the surface of 304L stainless steel
is exposed to heat from the laser marking process, changes
in the material’s microstructure can occur, which may affect
its corrosion properties (Pacquentin et al., 2015; Svantner
et al., 2016).

The process of using intense laser energy to alter the
surface structure of materials and create permanent marks.
However, laser marking can also affect the corrosion quality
of the material, especially when stainless steel 304L is ex-
posed to seawater The process of using intense laser energy
to alter the surface structure of materials and create per-
manent marks. However, laser marking can also affect the
corrosion quality of the material, especially when stainless
steel 304 is exposed to seawater This is supported by the
existence of a company that produces spoons made of 304L
stainless steel with a branding process using fiber laser mark-
ing, which causes corrosion on the part of the spoon that
has been marked. In a seawater environment, stainless steel
304L can be subjected to electrochemical corrosion caused
by the presence of oxygen, chloride, and moisture. This
corrosion can damage the passive protective layer on the
surface of the material and reduce its corrosion resistance
(Liu et al., 2021). Additionally, when the surface of 304L
stainless steel is exposed to heat from the laser marking
process, changes in the material’s microstructure can occur,
which may affect its corrosion properties (Yoo et al., 2023).

The process of using intense laser energy to alter the
surface structure of materials and create permanent marks.
However, laser marking can also affect the corrosion quality
of the material, especially when stainless steel 304 is exposed
to seawater (Yang et al., 2023; Yoo et al., 2025). This is
supported by the existence of a company that produces
spoons made of 304L stainless steel with a branding process
using fiber laser marking, which causes corrosion on the part
of the spoon that has been marked.

This research aims to investigate the effect of immersion
time on the quality of laser marking and the corrosion rate
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of stainless steel 304L in seawater media. With the problem
limitations used; 1. The material used, 2. The effect of
Fibre Laser Marking on corrosion, 3. Using seawater as a
corrosion medium, 4. The corrosion test is conducted using
the immersion method based on weight loss. 5. Duration of
immersion. It is hoped that the results of this research can
provide a better understanding of the interaction between
laser marking, immersion time, and the corrosion rate of
stainless steel 304L in an industrial environment.

2. MATERIAL AND METHODS

This research was conducted with the aim of determining
the effect of soaking time on the quality of laser marking
and the corrosion rate of stainless steel 304L in seawater
media.

2.1 The Stainless Steel with Laser Marking

In this study, Stainless Steel will be cut into a square shape,
after which the surface of the specimen will be cleaned by
polishing. Then, the specimen will be laser marked using
the MAX M5 Box 20W laser marking tool with parameters
speed 400, frequency 20, power 60, space 0.05. As shown in
the image 2.1 below It is known that the higher the power,
frequency, and speed of the laser, the greater the damage
received on the surface of the material. The surface damage
of the material can be seen in the SEM test in Figure 3.

2.2 Salinity Testing

In this study, the immersion medium used seawater taken
from Makarti Village. Testing the salinity level in seawater
is necessary to determine the salt content in the water that
will later be used as a soaking medium. The salinity test
uses a device in the form of a C-100 A 5 in 1 salinometer.
The result showed that the salinity content in seawater is
32.8 ppt (Parts Per Thousand), which means there are 32.8
grams of dissolved salt in one kilogram of seawater.

This salinity level plays an important role in accelerat-
ing the corrosion process of the laser-marked 304L stainless
steel specimens. The high concentration of dissolved salt
increases the availability of chloride ions (C17) in the im-
mersion medium, which act as a catalyst that speeds up
the electrochemical reaction between iron and oxygen on
the metal surface (El Maghfiroh et al., 2019). As salinity
increases, the electrical conductivity of the seawater also
increases, facilitating electron transfer between the anodic
and cathodic sites on the specimen surface and thereby accel-
erating the overall corrosion rate. This effect becomes more
pronounced in areas where the laser marking process has
disturbed or removed the passive oxide layer, since chloride
ions can more easily penetrate the exposed metal surface
and react with the iron beneath it, forming soluble iron
chloride compounds such as FeCl, and FeCl;. Therefore,
the 32.8 ppt salinity value recorded in this study confirms
that the seawater used as the immersion medium possesses
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Figure 1. Sample Stainless Steel 304L Before Corrosion

Figure 2. Sample Stainless Steel 304L After Corrosion

sufficient ionic strength to represent an aggressive corrosive
environment consistent with natural marine conditions.

2.3 Scanning Electron Microscopy

This SEM testing is conducted to observe the surface of
the specimen that has undergone laser marking, as shown
in the image below. After the surface of the stainless steel
304L has been laser marked, the surface of the specimen
will erode due to melting and evaporation caused by the
generated heat.

2.4 Calculation of Weight Loss

In this study, the corrosion rate calculation was performed
using the weight loss method. Before calculating the corro-
sion rate, data on the weight loss of the specimen and the
surface area of the specimen are first collected. This testing
standard uses ASTM G31 (Testing, 2021). It can be seen
from Table 1. above that after being soaked for 2160 hours,
it was found that each specimen had experienced weight loss.
This is due to the corrosion that has occurred on Stainless
Steel 304L that has been laser marked and submerged in

© 2026 The Authors.

seawater. Because laser marking can damage the protective
layer that protects stainless steel from corrosion.

2.5 Calculation of Corrosion Rate

After obtaining the data on weight loss and surface area of
the specimens, the next step is to determine the corrosion
rate occurring on 304L stainless steel resulting from fiber
laser marking with seawater immersion media.

KW

Ch= AT.p M)

3. RESULTS AND DISCUSSION

In Figures 3.(a) and (b), the control samples at 500x magni-
fication show that some parts of the specimen are damaged
due to the heat from the laser marking process. and this
damage is even more apparent at 1000 x magnification. with
some areas clearly showing damage caused by the laser mark-
ing process.
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Figure 4. Immersion for 60 Days (a) Magnification 500x and (b) 1000x
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Figure 5. Immersion for 90 Days Magnification (a) 500x and (b) 1000x

In Figures 4.(a) and (b), the samples that have been  significant changes compared to Figures 3a and 3b. It can
soaked for 60 days can be clearly seen to have undergone  be seen in the 500x magnification that parts of the sample
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Table 1. Weight Loss Data After Immersion 2160 Hours and Corrosion Rate

Initial Weight  Final Weight =~ Weight Loss (W)  AverageWeight Loss (W)  Time (T) Area (A) Corrosion Rate  Average Corrosion Rate
(r) (er) ) (") (hour)  (em?) (mpy) (mpy)
37.0547 37.0509 0.0038 24.143 0.000004864
34.8743 34.8726 0.0017 22.667 0.000002318
35.8765 35.8741 0.0024 23.452 0.000003163
35.0373 35.0361 0.0012 22.653 0.000001637
34.9101 34.9089 0.0012 22.786 0.000001627
36.0856 36.083 0.0026 22.973 0.000003497
37.3979 37.3958 0.0021 23.995 0.000002705
35.3969 35.395 0.0019 23.044 0.000002548
38.6832 38.6798 0.0034 25.108 0.000004185
37.7721 37.7693 0.0028 24.57 0.000003522
33.3026 33.3012 0.0014 21.586 0.000002004
37.2247 37.2226 0.0021 23.961 0.000002708
35.1536 35.1508 0.0028 0.0024 2160 23.159 0.000003736 0.00000316
36.5295 36.5267 0.0028 23.979 0.000003608
36.7839 36.7816 0.0023 23.756 0.000002992
37.3241 37.3208 0.0033 24.355 0.000004187
41.373 41.3709 0.0021 26.861 0.000002416
36.6875 36.6845 0.003 23.74 0.000003905
43.1533 43.1479 0.0054 28.162 0.000005926
35.8028 35.801 0.0018 21.911 0.000002539
35.2724 35.2701 0.0023 22.922 0.000003101
35.4878 35.4852 0.0026 23.169 0.000003468
35.7368 35.7335 0.0033 23.329 0.000004371
36.6773 36.676 0.0013 23.663 0.000001698
35.6078 35.6059 0.0019 22.953 0.000002558
e 34.6173 34.6152 0.0021 22.607 0.000002871
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Figure 6. Graphic EDS Test on Control Sample

surface have been corroded. as well as in the 1000x magni-
fication marked by black spots on the specimen surface. In
Figures 5.(a) and (b). the surface condition of the sample
that has been immersed for 90 days is shown.

It can be seen that corrosion has formed on the surface
of the sample. and the areas affected by corrosion are much
more extensive. This can be observed by the increased black
spots on the surface of the specimen compared to figures 4a
and 4b. where only a few are visible. The surface of stainless
steel that has undergone corrosion with the formation of
clumps due to the reaction of Cl~ ions and metal ions

© 2026 The Authors.

present in stainless steel The surface of stainless steel that
has undergone corrosion with the formation of clumps due to
the reaction of Cl~ ions and metal ions present in stainless
steel (Filatov et al., 2023; Svantner et al., 2016). Black
spots in the SEM testing of stainless steel are the surface
of the specimen that has been corroded (Liu et al., 2021).
It can be seen in Figure 4.(a) that the oxygen content in
the control sample is only around 1800 counts. where this
oxygen content is the oxygen content before the sample was
immersed.

In Figure 4.(b). it can be seen that after the sample
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Figure 7. Graphic EDS Test on Immersion for 60 Days
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Figure 8. Graphic EDS Immersion 90 Days

was soaked for 60 days. the oxygen content increased from
1800 counts to 3900 counts. indicating an increase in oxygen
levels. This suggests that oxidation of the iron has occurred.
resulting in the formation of iron oxide as a product of
corrosion on stainless steel. That an increase in oxygen
levels on the surface of stainless steel will cause oxidation of
iron. resulting in the formation of iron oxide as a product
of corrosion on stainless steel (Yoo et al., 2023).

The percentage of iron oxidation rises in tandem with
the oxygen levels. increasing the probability that the iron
surface will be exposed to oxygen. When the oxygen level is
high. the amount of oxygen available to react with iron will
be greater. The oxidation process can occur more quickly As
previously discussed in the salinity testing section, the high
chloride concentration accelerates the oxidation of iron on

© 2026 The Authors.

the specimen surface. where it serves as a catalyst to speed
up the reaction between iron and oxygen (El Maghfiroh
et al., 2019).

This is what causes the surface of 304L stainless steel
that has been laser marked to form spots with disturbed
or removed passive oxide layers. Chloride ions (C17) in
seawater diffuse through the disturbed passive oxide layer.
The reaction that occurs:

Fe + C1I= — FeCly + 2e~

Chloride ions that enter react with the metal beneath
the passive oxide layer to form metal chloride compounds
that are soluble in water. such as FeCl,; and FeCls. These
compounds dissolve in seawater and form a corrosion layer
on the metal surface. The reaction that occurs:

Fe + C1I~ — FeCly + 2e~
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FeCl, 4+ Cl™ — FeCly

Corrosion on stainless steel 304L involves an electro-
chemical reaction between the metal and ions in seawater.
The oxidized surface (anode) releases electrons (oxidation).
while the unoxidized metal (cathode) receives electrons (re-
duction). This causes corrosion on the metal surface. where
the metal oxidizes and metal ions dissolve in seawater.

Anode Reaction: Fe — Fe?T + 2¢~

Cathode Reaction: Oy + HyO + 4e™ — 40H™

Overall Reaction: 4Fe + 30, + 6H,O — 4Fe(OH);3

The corrosion process on stainless steel 304L submerged
in seawater will continue to progress over time. The metal
surface continues to oxidize. producing Fe(OH)s compounds
and expanding the corrosion area.

4. CONCLUSIONS

From the research results. it is known that the effect of
soaking time on laser marking quality can influence the
quality of laser marking where the surface of stainless steel
has experienced corrosion and the corrosion rate of stainless
steel 304L in seawater media for 90 days is 0.000003160 mpy.

5. ACKNOWLEDGEMENT

The authors would like to express their sincere gratitude to
Politeknik Industri Logam Morowali and Politeknik Negeri
Cilacap for their support and for providing the laboratory
facilities used in this research. including the laser marking
equipment. salinity testing instruments. and Scanning Elec-
tron Microscopy (SEM) facilities. The authors also thank
the local community of Makarti Village for their assistance
in the collection of seawater samples used as the immersion
medium in this study. Appreciation is further extended
to the technical staff and colleagues in the Department of
Mechanical Maintenance Engineering and the Department
of Minerals Process Engineering for their valuable input and
assistance throughout the experimental process. Finally. the
authors gratefully acknowledge all parties who contributed
directly or indirectly to the completion of this research.

REFERENCES

Boillot, P. and J. Peultier (2014). Use of Stainless Steels in
the Industry: Recent and Future Developments. Procedia
Engineering, 83; 309-321

Cioboata, D. D., M. Udrea, M. Selagea, D. I. Stanciu,
S. Savencu, R. M. Udrea, and C. Logofatu (2021). Pulsed
Fiber Laser Surfaces Micro-Processing-Optimization and
Applications. In International Conference on Reliable
Systems Engineering. Springer, pages 349-362

Dong, C., H. Luo, K. Xiao, Y. Ding, P. Li, and X. Li (2013).
Electrochemical Behavior of 304 Stainless Steel in Marine
Atmosphere and Its Simulated Solution. Analytical Letters,
46(1); 142-155

El Maghfiroh, R. et al. (2019). Efek Temperatur Terhadap
Laju Korosi. Jurnal Flywheel, 10(1); 26-32

© 2026 The Authors.

Indonesian Journal of Environmental Management and Sustainability, 10 (2026) 300-307

Filatov, I., V. Prokopiev, N. Shchedrina, R. Suslov, R. Bog-
danov, D. Bachurina, E. Davydova, and G. Odintsova
(2023). Enhancing the Pitting Resistance of Aisi 430
Stainless Steel by Laser Treatment. Optical & Quantum
Electronics, 55(4); 1

Korakana, A.; S. Korakana, N. Ulmek, and A. K. Pagare
(2020). Analyzing the Effect of the Parameters of Laser
Etching Process Influencing the Corrosion Resistance and
Surface Roughness of Marine Grade 316 Stainless Steel.
Materials Today: Proceedings, 32; 452-462

Kothari, D. S. (2017). Corrosion Studies of Stainless Steel
Blades

Lazov, L. (2015). Laser Marking Methods. In Environment.
Technology. Resources. Proceedings of the International
Scientific and Practical Conference

Lecka, K., A. Antonczak, B. Szubzda, M. Wéjcik, B. Stepak,
P. Szymezyk, M. Trzcinski, M. Ozimek, and K. Abramski
(2016). Effects of Laser-Induced Oxidation on the Cor-
rosion Resistance of Aisi 304 Stainless Steel. Journal of
Laser Applications, 28(3)

Liu, H., W. Lin, and M. Hong (2021). Hybrid Laser Precision
Engineering of Transparent Hard Materials: Challenges,
Solutions and Applications. Light: Science & Applications,
10(1); 162

Mekonnen, K. D. (2026). Corrosion Fundamentals: Thermo-
dynamics, Rate, Passivity, Types, and Control Mechanism.
Results in Surfaces and Interfaces; 100720

Pacquentin, W., N. Caron, and R. Oltra (2015). Effect of
Microstructure and Chemical Composition on Localized
Corrosion Resistance of a Aisi 3041 Stainless Steel Af-
ter Nanopulsed-Laser Surface Melting. Applied Surface
Science, 356; 561-573

Pauliuk, S., T. Wang, and D. B. Miiller (2013). Steel All
Over the World: Estimating In-Use Stocks of Iron for 200
Countries. Resources, Conservation and Recycling, 71;
22-30

Qian, Y., Y. Li, S. Jungwirth, N. Seely, Y. Fang, and X. Shi
(2015). The Application of Anti-Corrosion Coating for
Preserving the Value of Equipment Asset in Chloride-
Laden Environments: A Review. International journal of
electrochemical science, 10(12); 10756-10780

Radhamani, A., H. C. Lau, and S. Ramakrishna (2019).
Structural, Mechanical and Corrosion Properties of Cnt-
304 Stainless Steel Nanocomposites. Progress in Natural
Science: Materials International, 29(5); 595-602

Reclaru, L., A. Grecu, D. Grecu, C. Lungulescu, and
D. Grecu (2025). Corrosion and Ion Release in 304L
Stainless Steel Biomedical Stylets. Materials 2025, 18,
3769

Rossi, S., S. M. Leso, and M. Calovi (2024). Study of the
Corrosion Behavior of Stainless Steel in Food Industry.
Materials, 17(7); 1617

Shokri, A. and M. S. Fard (2022). Corrosion in Seawater
Desalination Industry: A Critical Analysis of Impacts and
Mitigation Strategies. Chemosphere, 307; 135640

Page 306 of 307



Wijayanto et. al.

Svantner, M., M. Kucera, E. Smazalovi, S. Houdkové, and
R. Cerstvy (2016). Thermal Effects of Laser Marking
on Microstructure and Corrosion Properties of Stainless
Steel. Applied Optics, 55(34); D35-D45

Testing, S. . M. M. S. . (2021). Standard Guide for Laboratory
Immersion Corrosion Testing of Metals (ASTM G31-21).
AMPP

Tian, H., Z. Cui, H. Ma, P. Zhao, M. Yan, X. Wang, and
H. Cui (2022). Corrosion Evolution and Stress Corro-
sion Cracking Behavior of a Low Carbon Bainite Steel

in the Marine Environments: Effect of the Marine Zones.

Corrosion Science, 206; 110490
Tuthill, A. H. and R. A. Covert (2000). Stainless Steels:

© 2026 The Authors.

Indonesian Journal of Environmental Management and Sustainability, 10 (2026) 300-307

An Introduction to Their Metallurgy and Corrosion Re-
sistance. Dairy Food Environ San, 20; 506-517

Yang, Q., D. Wang, Y. Xiong, D. Zhang, L. Chen, J. Cheng,
D. Lou, and D. Liu (2023). Mechanism of Surface Cor-
rosion Resistance of 304 Stainless Steel Processed by
Nanosecond Laser Pulses. Materials and Corrosion, 74(4);
551-559

Yoo, H. J., H. Kang, Y. Kim, and C. Park (2025). Influence
of High-Power Laser Cleaning on Oxide Layer Formation
on 304L Stainless Steel. Micromachines, 16(12); 1366

Yoo, Y.-R., S.-H. Choi, and Y.-S. Kim (2023). Effect of Laser
Peening on the Corrosion Properties of 3041 Stainless Steel.
Materials, 16(2); 804

Page 307 of 307



	INTRODUCTION
	MATERIAL AND METHODS
	The Stainless Steel with Laser Marking
	Salinity Testing
	Scanning Electron Microscopy
	Calculation of Weight Loss 
	Calculation of Corrosion Rate

	RESULTS AND DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENT

