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Abstract: This research aims to study the effect of nanosecond laser parameters on the paint removal process and
obtain a set of parameters that would result in the highest paint removal efficiency. In this study, the effect of laser paint
removal parameters such as power, defocus distance, and the number of loops are studied with an optical microscope to
observe surface features. The laser paint removal process is conducted using the IPG YLM 200/30 - Q pulsed fiber laser
machine. The process sample was examined with an optical microscope to analyze the effectiveness of this laser paint
removal process. The results indicated that the power and number of loops significantly enhance the paint removal
process. The selection of correct frequency, power, hatching distance, scanning speed, and defocus distance also play a
significant part in the efficiency of the laser paint removal process.
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I. INTRODUCTION

In the recent technology era, laser cleaning is high-
efficient and newly emerging environmentally-friendly
technology. This technology can be widely applied to
many fields, such as cleaning electronic elements, remov-
ing oil dirt, and painting [1, 2]. Therefore, paint removal

by laser technique, where the laser parameter is a key fac-
tor that decides the paint removal efficiency of the surface
cleaning process. Until recently, many researchers have
been investigating the efficiency of the laser paint removal
process to be widely replaced by the conventional tech-
nique for various industries applications [3]. Moreover,
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through the glance of few papers, the selection method of
laser parameters can be in categories such as based on the
experiment, which needs to conduct repeated experiments
on a different type of paint with different thicknesses of
coated thickness [4]. By applying this method, it is easy
for us to understand the physical behavior of each param-
eter on the effect of the paint removal process.

The processing parameters decide the output of the
product produced 26, which further translates to the fail-
ure characteristics exhibited27 The variation of the laser
parameter such as power, scanning speed, hatching dis-
tance, frequency, pulse width, and defocus distance could
be affecting the efficiency of the paint removal process
by laser [5, 6]. Besides, the critical effect of the laser in-
cident parameter is the laser power and defocus distance;
this is due to the different effects of this parameter could
be damage the mechanism of the paint removal process
[7]. Based on this consideration, many kinds of research
on changes of paint removal mechanism and the corre-
sponding paint removal caused by different laser power
intensities can be beneficial to the laser parameter for
the paint removal [6, 8]. Furthermore, the paint removal
process can be revealed by quantitatively investigating
the relationship between the physical effects and the laser
power [9]. Finally, in the field of manufacturing engi-
neering, processing parameters play an important role
[10]. According to a disciplinary perspective, the current
application is experiencing the absence of actual inten-
sive investigations for improving biomedical and modern
utilizations of laser removal is essential.

Furthermore, the usage of lasers is now being opti-
mized [11, 12] in different fields and applications such
as in welding [13], and hard surfacing [14]. Hence, the
usage of lasers has become a viable approach as an emerg-
ing rapid and robust technology. This study aims to study
the effect of nanosecond laser parameters on the paint
removal process and obtain a set of parameters that would
result in the highest paint removal efficiency.

II. LITERATURE REVIEW
Laser cleaning is defined as removing unwanted lay-

ers or the extended contamination of the unwanted layers
from a solid substrate [15]. It involves cleaning off for-
eign organic impurities, namely coatings over a solid or
metal substrate [16].

Laser cleaning is the most dependable and effective
solution in many sectors because it cleans without affect-
ing the surface shape, is non-contact, has high efficiency,
and is appropriate for a wide range of materials [17]. Re-
gardless of the spearheading works tracing back to the
mid-1970s, this inventive method began to be method-

ically examined and afterward widely applied just 20
years after the fact. Several logical examinations were
accounted for in the course of the last two decades, meet-
ing procedures, and books, zeroing in on the productivity,
selectivity, and afterward adequacy of laser removal, just
as on the potential benefits it can furnish concerning con-
ventional cleaning methods [18, 19].

Laser cleaning addresses the main commitment of
physics to the preservation of social legacy. This measure
is the interaction between light and the substrate. By illu-
minating the substrate surface with a laser, the limiting
power between the substrate and the poisons connected
to the substrate surface is disturbed, and the toxins on the
substrate surface are isolated from the substrate surface
by dissipation, breakage, and vibration [20].

Laser removal offers novel prospects in surface clean-
ing as it involves exact control, material selectivity, and
quick criticism [21]. Laser removal furnishes critical ben-
efits for mechanical and substance approaches as far as
slowness, selectivity, self end, and repeatability of the
material expulsion measure, just as far as an ecological
effect [22]. Specifically, existing research highlights that
laser cleaning is a better alternative for the conventional
chemical cleaning process in coating/paint [23, 24].

III. METHOD AND MATERIALS

The laser paint removal process is conducted using
the IPG YLM 200/30 Q pulsed fiber laser machine, as
shown in Fig. 1. Thus, this machine can be used in Contin-
uous Wave (CW) and Pulse Wave (PW) modes. However,
the maximum power capacity of this machine is 30W.
This fiber laser machine is attached by the laser source,
focal plane, and Ezcad- Software. The software is a ma-
jor part of the machine which the other parameter can be
adjusted as illustrated in Table 1. Therefore, the influence
of the paint removal process depends on the machine ad-
justable parameter, whereby with a slight change of this
parameter, the effect of the paint removal process can
seem to affect the metal surface.

Meanwhile, the laser source in the machine is trans-
ferred to the laser head by using fiber optic, where the
distance between the focus lens and the laser focus spot
is 200 mm. This focal distance can be varied according
to the need during the experiment. Moreover, the stain-
less steel SS404L was used as substrate material. This
stainless steel has been coated with the paint to start the
process of removal.

Then the process sample was examined with an opti-
cal microscope to analyzed the effectiveness of this laser
paint removal process.
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Fig. 1. (a) Fiber laser machine, (b) Laser source with focus plane, and (c) EZCAD-Software

TABLE 1
RANGE OF ADJUSTABLE PARAMETER OF THE MACHINE

IPG Fibre Laser Machine

Parameter Range of Parameter

Power 30W
Frequency 300KHz
Scanning speed 10000mm/s
Pulse width 300ns
Focal plane –
Hatching distance –
Workpiece dimensions 150mmx150mm

IV. RESULTS AND DISCUSSION
The maintenance work of removing paint always

requires a period with conventional methods such as
sandblasting, paint removal solvent, and sanding process
[25, 26]. Thus, the application of laser for paint removal
work is promising for this purpose. Fig. 2 shows the
optical microscope images of the samples (a) Received
sample and (b) painted surface. In the process of paint re-
moval by lasering, the significant parameter is the power
rate required to remove the paint as a key role in surface
processing quality.

In addition, Table 3 displays the different power pa-
rameters and multiple marking loops set on the laser for

the paint removal process with an optical image shown.
The defocused distance has been set at 184mm. Then
the surface has been heated with the adjustment of the
power with the marking loop, which the other parame-
ter remains fixed. The paint is roughened but not fully
removed at the lower power, as shown in experiment num-
ber 1. When the slight increment of the laser power, the
paint removal starts, indicated from the optical images in
the 2nd experiment. As the laser power increases, much
more paint is detached with two times the marking loop.
However, the paint is still not completely removed from
the surface of the substrate. Therefore, the steel subtracts
show a bright background to the naked eye. Thus, under
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the microscope, the brighter spot tends to connect into
a larger bright area. Where we can examine the paint
removal efficiency by looking at the surface profile of
the process area. With the large removal area, the effi-
ciency is better than the smaller removal area. Likewise,
with incremental laser power density to 60% with 2 times
marking loop, the paint is removed, but the surface is
highly rough compared to an original surface.

In experiment number 5, an incremental power of
70% with three times marking loops has been made to
smoothen the surface. Hence, the optical image shows
the paint has been removed completely with a smoother
surface. In conclusion, the power density of 70% with
multiple marking loops a are significantly good parame-
ter for the Laser paint removal process. Table 2 presents
the power variance with a single marking loop when the
other parameter remains fixed. In this set of experiments,
we have increased the defocus distance to 186mm. It
was observed that the significant increase of the defocus
distance causes the paint removal process to be started
at the power of 20%. As the power increased, the paint

started to detach slowly, where the intensity of the laser
is increased dramatically due to the increment of defo-
cus distance. A further increase of power did show the
paint was removed, but a small amount of paint was ob-
served on the metal surface with a single marking loop.
In contrast, an increase of power to 70% with three times
marking loop, the paint has been fully removed and back
to the received sample illustrated in Fig 2. This could be
due to the change in intensity of the laser power due to
the incremental defocus distance.

 

Fig. 2. Optical image of (a) As received sample and (b) painted
surface or SS304L

TABLE 2
EFFECT OF LASER PARAMETERS ON MULTIPLE PASS PAINT REMOVAL ON SS304L WITH 184MM DEFOCUS

DISTANCE

Sr. No Power Frequency Speed Pulse with H. D Loops Optical Images

1 30 20 1000 300 0.05 1  

2 40 20 1000 300 0.05 1 

3 50 20 1000 300 0.05 2

 

4 60 20 1000 300 0.05 2  

5 70 20 1000 300 0.05 3 
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TABLE 3
EFFECT OF LASER PARAMETER ON SINGLE PASS PAINT REMOVAL ON SS304 WITH 186MM DEFOCUS DISTANCE

Sr. No Power Frequency Speed Pulse with H. D Loops Optical Images

6 20 20 1000 300 0.05 1 

7 40 20 1000 300 0.05 1 

8 55 20 1000 300 0.05 1 

9 65 20 1000 300 0.05 1 

10 70 20 1000 300 0.05 3 

After observing the effect of power, defocus distance,
and loops, the significant parameter for a laser paint re-
moval process was decided by IPG YLM 200/30 - Q
pulsed fiber laser, as shown in Table 4. The incremental
power being with higher energy and the ensuing number
of marking loops as a smoothening phase. Additionally,
a comparison of the painted sample and surface areas of
the removed sample is shown in Fig. 3. It is to be noted
that the painted surface can be removed partially, and the

removed part is quite uneven under the irradiation with
low power, as in Fig. 3(b). With the increase of power
and marking loop and lower defocus distance, the paint
can be removed completely without any obvious damage
mark on the metal substrate, as in Fig. 3 (c). Furthermore,
a review[3] concluded that the higher increment of the
power could affect the paint removal area will expand
with obviously serious, and ablation and the substrate
have also been damaged.

TABLE 4
LASER PARAMETERS FOR MULTIPLE PASS LOOPS FOR THE PAINT REMOVAL PROCESS

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

1 40 20 1000 300 0.05 184
2 50 20 1000 300 0.05 184
2 60 20 1000 300 0.05 184
3 70 20 1000 300 0.05 184
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a) b) 

c) 

Fig. 3. Optical Image of (a) Paint surface SS304L, (b) LPR Process not fully remove and (c) Fully remove paint surface

V. CONCLUSION AND RECOMMENDATIONS
In this work, a process of paint removal by laser

can be considered complex. It involves the heat effect,
thermal stress effect, vaporization, and ionization effect
towards the process. Thus, the laser irradiation of differ-
ent irradiation power can affect dissimilarly the ablation
process. Under the lower irradiation of power and de-
focus distance, the laser ablation is only focused on the
surface which the paint is partially stripped off from the
metal surface. This is due to a thermal stress effect on
the substrate. Therefore, the observation shows that the
paint is removed tearily by increasing irradiation power,
marking loop, and defocus distance. This condition is
due to the thermal stress between the metal substrate, and
the paint coat is higher than the adhesive force between
them, where the paint will be removed effectively without
causing any damage to the substrate. So, in the research,
it is concluded that the power, marking loop, and defocus
distance parameter alters the paint removal quality and
rate.
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