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Abstract— Stainless steel SS304 is one of the most widely employed steel alloys used in a wide variety of industries. However, under cer-

tain atmospheric and environmental conditions, it is likely to corrode. High humidity can cause damage to the native chromium oxide layer,

causing rust formation. Once the corrosion develops, it becomes dificult to remove the rust layer locally and chemically treated or dry blasted.

But recently, a novel application of laser surface irradiation can be employed to remove the corrosion products formed on the surface rapidly

and robustly. The laser corrosion removal process is a non-mechanical technique that can remove rust from dificult to reach areas with high

eficiency. However, the rust removal depends on the laser de-rusting process parameters. This work studies the effect of laser corrosion re-

moval parameters such as power, frequency, and several loops with an optical microscope to observe surface features. Results indicate that the

number of loops is a signiicant parameter that enhances corrosion removal signiicantly. Additionally, the selection of correct frequency, power

and scanning speed, and hatching distance also play a signiicant role in corrosion removal eficiency. Using a low-power iber laser marking

machine to remove corrosion frommetal samples will provide energy savings for the commercialization of such a process.
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I. INTRODUCTION

The fourth Industrial Revolution (IR 4.0) is currently themost soughtman-

ufacturing topic interested various researchers [1]. Laser-based manufac-

turing processes [2, 3] have enabled researchers to adopt advanced man-

ufacturing techniques due to their ease of integration with IR 4.0 related

technologies. Until recently, researchers are inding many applications of

laser surfacemodiication and laser cleaning processes to enhance surface

characteristics. The laser cleaning process can remove unwanted contam-

inants such as grease oils layers or even rubber from various industrial

components [4]. Additionally, the laser cleaning process can be character-

ized as laser corrosion removal [5]. The laser can also remove paint from

various types ofmaterials by employing different parameters for exposure

duration and temperature to alter the removal rate [6]. Moreover, it is em-

ployed in sensitive cleaning applications involving archaeologically mate-

rials [7].

Austenitic stainless steel SS304 is themostwidely employed engineer-

ing alloy in automotive, shipbuilding, Petro-chemical and aviation indus-

tries [8, 9]. It can be used for carrying liquid services, solids (tanks and

containers), mining equipment, etc. However, SS304 can undergo severe

corrosion if the environment is corrosive. Different types of corrosion can

occur such as pitting corrosion, stress corrosion, cervices corrosion and

grain boundary corrosion [10]. To de-corrode SS304, various conventional

techniques could be employed such as chemical treatment, shot blasting,

etc which are time-consuming and require component dis-assembly. How-

ever, laser corrosion removal via laser cleaning technique [11] has been re-

ported to strip contaminants, oxides and corrosion products with the help

of different types of lasers and laser sources such as femtosecond, picosec-

ond, nanosecond, millisecond and micro-second lasers [12]. In the ield of

manufacturing engineering, processing parameters play an important role

[13]. Laser-based manufacturing processes entirely depends on the laser

processing parameters [14] and so does the laser-material interaction con-

tributing to different cleaning eficiencies.

Various research has been carried out in regards to laser corrosion re-

moval and laser cleaning. For instance, [15] investigated themechanism of

surface cleaning for TA15 titanium alloy using a maximum of 400W ytter-

bium pulsed laser and found ablation to be the main mechanism. Further

to this, laser cleaning was carried out at very low power levels of 0.23 to

0.73W for bronze based archaeological corrosion products and it was re-

ported to be of low invasiveness [16]. Lu et al [17] employed UV laser with
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a luence of 5.30 J/cm2 to remove bio-fouling signifying practical oceanic

industrial applications. In another work Lu et al. [12] demonstrated that

laser cleaned samples of AH36 steel for marine ships exhibited 5 times

greater corrosion resistance than rusted surface signifying laser cleaning

to be environmentally friendly approach. For the case of Aluminium alloy

AA7024-T4 laser cleaning was carried out using diode pupped nano sec-

ond pulsed ibre laser with a luence range of 3.5 to 11.3 J/cm2 [18]. It

was revealed that the near surface regions chemistry changed and more

corrosion resistance layers evolved that contributed to greater corrosion

resistance.

Although signiicantworkhasbeen carriedout in evaluating the corro-

sion rates of cleaned samples, the effect of parameters for very low power

lasers in carrying out cleaning process are less acknowledged. Different

laser processing parameters have accounted for variation in the amount of

cleaning and corrosion removal. Pulse wave mode will be utilized in the

current research since continuous-wave lasers may affect the base mate-

rial properties [19]. Lastly, the aim of this study is to study the effect of

laser cleaning parameters and obtain a set of parameters that would result

in highest cleaning eficiency.

II. METHODOLOGY

The laser cleaning was conducted by using the laser marking machine IPG

YLM 200/30 – Q pulsed as shown in Fig. 1. The details of the machine are

provided in Ref [14]. This machine has the capacity to be used in Continu-

ous Wave (CW) and pulse wave (PW) modes. Furthermore, the machine’s

maximumpower capacity is 30W. Thismachine has been attachedwith the

laser source, focal plane adjustment system with scale (Fig. 1(b)) and the

EZCAD software (Fig. 1(c)) for control and adjustment of the laser param-

eter. Therefore, the machine range of parameters can be adjusted accord-

ing to user requirements. These adjustable parameters have major inlu-

ences on the cleaning process. Meanwhile, the laser source in the machine

is transferred to the laser head by using ibre optic. The distance between

the focus lens and the laser focus spot is 200mmand can be varied accord-

ing to the needs.

 

Fig. 1. a) Fiber laser machine b) Laser source with focus plane and c) software for laser cleaning machine (EZCAD)

Additionally, schematics of the laser cleaning process are given in Fig.

2(a). The coordinates of the laser scanning are controlled by a galvo-meter

and the amount of surface irradiation can be controlled by the size of shape

that is drawn on the software. The laser cleaning process was carried out

in pulsed-wave mode and nano-second pulse width. As an example, a cor-

roded sample de-corroded with laser cleaning process is showed in Fig.

2(b). The SS304 sampleswere immersed in Tapwater for 7 days and there-

after were left to corrode in the open air for 1 year. Thereafter, after the

laser cleaning process, the samples were characterized by an optical mi-

croscope (MEIJI TECHNO EMZ-13TR).
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Fig. 2. a) The schematics for laser colour marking and (b) laser corrosion removal sample

III. RESULTS AND DISCUSSION

Fig. 3(a) shows the optical microscopic image of the as-received SS304

sample and Fig. 3(b) shows the corroded surface of the SS304. As can be

observed, signiicant corrosion tookplacewith the characteristics of bright

orangishmarks and darkmatter present. The effect of changes in the laser

cleaning parameters on corrosion removal of SS304 is shown in Table I. A

low power loop does not contribute to any amount of corrosion removal,

however, some laser scanning lines because of hatching are slightly visi-

ble. With a slight increase in 20%power, these hatching lines becomemore

prominentwhile all the parameters are doubled. A drastic change in corro-

sion removal along with some colour (blue to purple shade) was observed

with a decrease in corrosion. But as the parameters were doubled and the

hatching distance was reduced by half, the corrosion removal percentage

declined. In experimentnumber6 itwasobserved that for a single loop, the

scanning speed of 1000mm/swas good enough to remove corrosion prod-

ucts to a certain extent. After concluding that 1000mm/sproduced fruitful

results with the combination of the low frequency of 20Hz, it was impor-

tant to determine that which set of parameters are providing good results

for a single loop to reduce the time duration of the laser cleaning process.

Table II presents the variation of parameterswhen scanning speed and fre-

quency are ixed and other parameters are varied. It was observed in ex-

periment number 6 that a signiicant reduction in the pulse width caused

the formation of colour, but the dark oxide matter was retained. As the

pulse width increased, the colour formation was eliminated and both light

and dark coloured corrosion mater was signiicantly reduced. A further

reduction in power from 95% to 90% did show lesser material removal

while the increase in the number of loops to 5 times produced the cleanest

surface as compared to the 10 times. This could be due to the change in

the intensity of surface corrosion for sample irradiated 10 times.

 
Fig. 3. Optical image of (a) as received samples and (b) corroded SS304
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TABLE I

EFFECT OF LASER PARAMETERS ON MULTIPLE PASS CORROSION REMOVAL ON SS304WITH A DEFOCUS DISTANCE OF 182MM

Exp. No Power (W) Frequency (Hz) Speed (mm/s) Pulse width (9ns) H.D (mm) Loops Optical Images

1 10 10 100 10 0.1 1

2 20 20 200 20 0.2 2

3 40 40 400 40 0.025 4

4 80 80 800 80 0.013 8

5 60 20 1000 300 0.025 1

TABLE II

EFFECT OF LASER PARAMETERS ON SINGLE PASS CORROSION REMOVAL ON SS304

Exp. No Power Frequency Speed Pulse Width H.D Loops Optical Images

6 95 20 1000 10 0.05 1

7 95 20 1000 100 0.05 1

8 90 20 1000 0.05 1

9 80 20 1000 200 0.05 5

10 80 20 1000 200 0.05 10

After observing the effect of the loops, it was decided to increase the

number of loops with the irst two loops being with higher energy and the

ensuing loops with lower power acting as a smoothening phase. The list

of parameters that gave the best corrosion removal whilst maintaining the

colour of the steel is given in Table III. Additionally, a comparison of cor-

roded sample and surface areas of cleaned samples are shown in the Fig. 4.

It needs to be noted that there are black spots cluster which is some form

of corroded products. These could not be removed as in Fig. 4(b) and some

deep pits could not be smoothened aswell. It worths tomention that as the

horizontal laser scanning lines are visible, they could contribute to change

in the surface roughness, however, literature points out that it is possible

to produce surfaces without any change in surface roughness [20]. Fur-

thermore, it was observed that coloured surfaces were generated at lower

pulse width values which have been due to the formation of chromium ox-

ides. It is stated that due to laser cleaning process, other types of oxides are

grown that can contribute to corrosion enhancement [18]. This is called

re-oxidation [21] due to laser cleaning effects.
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TABLE III

LASER PARAMETERS FOR MULTIPLE PASS LOOPS FOR CORROSION REMOVAL ON SS304

Loop Power (W) Frequency (Hz) Speed (mm/s) Pulse Width (9ns) H.D (mm) Defocus Distance (mm)

#1 90 20 1000 300 0.05 184

#2 90 20 1000 300 0.05 184

#3 40 40 500 40 0.05 184

#4 30 80 500 80 0.05 184

 

Fig. 4. Optical image of a) corroded SS304, b) LCR with retained black stains and (c) cleaner portion of LCR process

IV. CONCLUSION

In this work, an effort is carried out in removing corrosion of SS304 de-

veloped over a long period of 1 year. The samples irradiated by laser

showed that laser cleaning parameters can signiicantly affect the quality

of corrosion removal. The laser power, scanning speed, hatching distance,

repetition rate, pulse duration, number of loops are the parameters that

alter the corrosion removal quality and rate. In the current research two

loops of higher power and two loops of lower power amounting to a total

of four loops were employed to produce the best results.

Acknowledgements

The work was supported by Universiti Malaysia Pahang Research grant

RDU191109.

References

[1] Y. Liao, F. Deschamps, E. d. F. R. Loures, and L. F. P. Ramos, ``Past,

present and future of industry 4.0-a systematic literature review and

research agenda proposal,'' International Journal of Production Re-

search, vol. 55, no. 12, pp. 3609-3629, 2017. doi: https://doi.org/10.

1080/00207543.2017.1308576

[2] I. Ali, N. Lin, M. Quazi, M. N. Bashir, H. Sadiq, and F. Sharaf, ``Investi-

gating thewear characteristics ofmetalmatrix composite coating de-

posited on AA5083 Al-alloy by laser surface engineering technique,''

North American Academic Research, vol. 3, no. 1, pp. 138-146, 2019.

doi: https://doi.org/10.5281/zenodo.3626448

[3] M. M. Quazi, M. Ishak, A. Arslan, M. Fazal, F. Yusof, B. Sazzad, M. N.

Bashir, and M. Jamshaid, ``Mechanical and tribological performance

of a hybrid MMC coating deposited on Al-17Si piston alloy by laser

composite surfacing technique,'' RSC Advances, vol. 8, no. 13, pp.

6858-6869, 2018.

[4] G. Li, W. Gao, L. Zhang, X. Wu, L. Zhang, Z. Wei, B. Li, Y. Xue, J. Wang,

and X. Wang, ``The quality improvement of laser rubber removal for

laminatedmetal valves,''Optics&Laser Technology, vol. 139, pp. 1-10,

2021. doi: https://doi.org/10.1016/j.optlastec.2020.106785

[5] G. Zhang, X. Hua, Y. Huang, Y. Zhang, F. Li, C. Shen, and J. Cheng, ``Inves-

tigation onmechanism of oxide removal and plasma behavior during

laser cleaning on aluminum alloy,'' Applied Surface Science, vol. 506,

pp. 1-9, 2020. doi: https://doi.org/10.1016/j.apsusc.2019.144666

[6] J. Yang, J. Zhou, Q. Sun, X. Meng, Z. Guo, and M. Zhu, ``Digital analysis

and prediction of the topography after pulsed laser paint stripping,''

Journal of Manufacturing Processes, vol. 62, pp. 685-694, 2021. doi:

https://doi.org/10.1016/j.jmapro.2020.12.069

[7] D. Prokuratov, A. Davtian, O. Vereshchagin, N. Kurganov,

A. Samokhvalov, D. Pankin, A. Povolotckaia, A. Shimko, A. Mikhailova,

P. Somov et al., ``Laser cleaning of archaeologically corroded iron

objects with inlays,'' Optical and Quantum Electronics, vol. 52, no. 2,

pp. 1-12, 2020. doi: https://doi.org/10.1007/s11082-020-2231-z

[8] M. Quazi, ``An overview of laser welding of high strength steels for

automotive application,'' International Journal of Technology and En-

gineering Studies, vol. 6, no. 1, pp. 23-40, 2020. doi: https://dx.doi.

org/10.20469/ijtes.6.10004-1

[9] S.Wakeel, S. Bingol, M. N. Bashir, and S. Ahmad, ``Selection of sustain-

able material for themanufacturing of complex automotive products

using a newhybrid goal programmingmodel for bestworstmethod--

proximity indexed value method,'' Proceedings of the Institution of

https://doi.org/10.1080/00207543.2017.1308576
https://doi.org/10.1080/00207543.2017.1308576
https://doi.org/10.5281/zenodo.3626448
https://doi.org/10.1016/j.optlastec.2020.106785
https://doi.org/10.1016/j.apsusc.2019.144666
https://doi.org/10.1016/j.jmapro.2020.12.069
https://doi.org/10.1007/s11082-020-2231-z
https://dx.doi.org/10.20469/ijtes.6.10004-1
https://dx.doi.org/10.20469/ijtes.6.10004-1


41 Journal of ICT, Design, Engineering and Technological Science 2020

Mechanical Engineers, Part L: Journal of Materials: Design and Appli-

cations, vol. 235, no. 2, pp. 385-399, 2021. doi: https://doi.org/10.

1177/1464420720966347

[10] J. Wendt and D. Chin, ``The ac corrosion of stainless steel—ii. the

breakdown of passivity of ss304 in neutral aqueous solutions,'' Cor-

rosion Science, vol. 25, no. 10, pp. 889-900, 1985.

[11] R. Linggamm, M. N. Bashir, M. Ishak, and M. Aiman, ``The inluence

of nanosecond ibre laser on the removal of paint on metallic sur-

face,'' International Journal of Technology and Engineering Studies,

vol. 7, no. 2, pp. 1-7, 2021. doi: https://dx.doi.org/10.20469/ijtes.

7.10001-2

[12] Y. Lu, Y. Ding, G. Wang, L. Yang, M. Wang, Y. Wang, and B. Guo, ``Ultra-

violet laser cleaning and surface characterization of AH36 steel for

rust removal,'' Journal of Laser Applications, vol. 32, no. 3, pp. 1-11,

2020. doi: https://doi.org/10.2351/1.5127569

[13] S. F. Haider, M. Quazi, J. Bhatti, M. N. Bashir, and I. Ali, ``Effect

of Shielded Metal Arc Welding (SMAW) parameters on mechanical

properties of low-carbon, mild and stainless-steel welded joints: A

review,'' Journal of Advances in Technology and Engineering Research,

vol. 5, no. 5, pp. 191-198, 2019. doi: https://doi.org/10.20474/

jater-5.5.1

[14] A. Zaifuddin, M. Aiman, M. Quazi, M. Ishak, and T. Ariga, ``Effect

of Laser Surface Modiication (LSM) on laser energy absorption for

laser brazing,'' in IOP Conference Series: Materials Science and Engi-

neering, Chennai, India, 2020.

[15] Z. Li, D. Zhang, X. Su, S. Yang, J. Xu, R. Ma, D. Shan, and B. Guo, ``Re-

moval mechanism of surface cleaning on TA15 titanium alloy using

nanosecond pulsed laser,'' Optics & Laser Technology, vol. 139, pp.

1-10, 2021. doi: https://doi.org/10.1016/j.optlastec.2021.106998

[16] E. Di Francia, R. Lahoz, D. Neff, T. de Caro, E. Angelini, and S. Grassini,

``Laser-cleaning effects induced on different types of bronze archae-

ological corrosion products: Chemical-physical surface characterisa-

tion,'' Applied Surface Science, pp. 1-50, 2021. doi: https://doi.org/

10.1016/j.apsusc.2021.150884

[17] Y. Lu, Y. Ding, M. Wang, L. Yang, and Y. Wang, ``An environmentally

friendly laser cleaning method to remove oceanic micro-biofoulings

from ah36 steel substrate and corrosion protection,'' Journal of

Cleaner Production, vol. 314, p. 127961, 2021. doi: https://doi.org/

10.1016/j.jclepro.2021.127961

[18] F. Zhang, H. Liu, C. Suebka, Y. Liu, Z. Liu, W. Guo, Y. Cheng, S. Zhang,

and L. Li, ``Corrosion behaviour of laser-cleaned AA7024 aluminium

alloy,'' Applied Surface Science, vol. 435, pp. 452-461, 2018.

[19] S. Zhuang, S. Kainuma, M. Yang, M. Haraguchi, and T. Asano, ``Char-

acterizing corrosion properties of carbon steel affected by high-

power laser cleaning,'' Construction and Building Materials, vol. 274,

p. 122085, 2021. doi: https://doi.org/10.1016/j.conbuildmat.2020.

122085

[20] Z. Wang, X. Zeng, and W. Huang, ``Parameters and surface perfor-

manceof laser removal of rust layeronA3steel,'' SurfaceandCoatings

Technology, vol. 166, no. 1, pp. 10-16, 2003. doi: https://doi.org/10.

1016/S0257-8972(02)00736-3

[21] E. Di Francia, R. Lahoz, D. Neff, V. Rico, N. Nuns, E. Angelini, and

S. Grassini, ``Novel procedure for studying laser-surface material in-

teractions during scanning laser ablation cleaning processes on Cu-

based alloys,'' Applied Surface Science, vol. 544, pp. 1-8, 2021. doi:

https://doi.org/10.1016/j.apsusc.2020.148820

https://doi.org/10.1177/1464420720966347
https://doi.org/10.1177/1464420720966347
https://dx.doi.org/10.20469/ijtes.7.10001-2
https://dx.doi.org/10.20469/ijtes.7.10001-2
https://doi.org/10.2351/1.5127569
https://doi.org/10.20474/jater-5.5.1
https://doi.org/10.20474/jater-5.5.1
https://doi.org/10.1016/j.optlastec.2021.106998
https://doi.org/10.1016/j.apsusc.2021.150884
https://doi.org/10.1016/j.apsusc.2021.150884
https://doi.org/10.1016/j.jclepro.2021.127961
https://doi.org/10.1016/j.jclepro.2021.127961
https://doi.org/10.1016/j.conbuildmat.2020.122085
https://doi.org/10.1016/j.conbuildmat.2020.122085
https://doi.org/10.1016/S0257-8972(02)00736-3
https://doi.org/10.1016/S0257-8972(02)00736-3
https://doi.org/10.1016/j.apsusc.2020.148820

	INTRODUCTION
	Methodology
	Results and discussion
	Conclusion

