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Abstract - The cleaning of metallic surfaces offers the possibility to reuse old components or to
prepare components for processes such as painting, thermal treatment, etc. There are three main
methods to clean metallic surfaces: chemical, mechanical and by using laser beam. The chemical
method is expensive, time consuming and polluting, the mechanical one has similar disadvantages,
hence laser cleaning is the most efficient of them and it is increasingly more used in industrial
applications. In our work we use a 100 W fiber laser based device that includes the laser itself, an
expander, a scanner and a variable focus device. The influence of the laser parameters (power,
pulse repetition rate, fluence) on the quality of the surface (conductivity and adherence) has been
studied and optimized. A possibility to decrease the required laser power in specific cases is
envisaged. Cleaning of 3D surfaces is considered.
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1. Introduction

Different methods for cleaning of metallic
surfaces (chemical, mechanical, or laser based) are
used [1][8]. Chemical cleaning uses solvents to
eliminate the organic or inorganic debris from the
metallic surfaces. This method is polluting, the
process duration is long and the cost is high. The
environment is deeply affected. Mechanical cleaning
is done by using abrasive materials such as sand that
could deform the surface and it is very loud. The
environment is polluted both physically and audibly.
A better mechanical method is by using dry ice
pellets. The production of pellets from liquid carbon
dioxide is well known, especially in the food
industry. A great advantage of using ice pellets is
that it is a non poluting procedure. The pellets melt
spontaneously and it has no impact on the
environment. A pelletizer equipment is need in order
to have a continuous source of pellets. Nevertheless,
overall, the price is considerable.

Laser cleaning is the most convenient option in
many cases [2, 3, 5 9]. A pulsed laser beam is
focused on the metallic surface and a scan of the
surface is performed. The evaporated material is
removed immediately. This method is non-polluting,

silent and fast. The price of the equipment and
maintenance is recovered in a few years.

After laser processing, the surface is well
prepared to be painted. So, large areas of stained
metals could extend their lifetime. A good example is
the laser cleaning of ships. The floating part of the
ships is in permanent contact with sea water.
Preventing corrosion by painting is very important.

Another example is cleaning surfaces to get the
best possible electrical contact. This is the case in
aerospace industry, where the electrical contact
must be very good and the metallic surface
(aluminium in this case) must be highly conductive
where electrical pathways are connected.

In the last decades several studies have been
done to identify the optimum working conditions for
laser cleaning of different materials. Most of them
were focused on cleaning and conservation of
archeological  artefacts [4], interaction between
laser energy and surface layers [6], different types
of laser used for surfaces cleaning. Other works
focused on finding the effect of wavelength,
fluence, pulse repetition rate and environment of
laser cleaning for different applications [3][4], the
mechanism of laser removal technology [7].

However, the analyses presented in the literature
do not provide enough information on
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morphological changes that occur during the
cleaning of various metal surfaces with laser, nor the
effects of each process parameter on the surface
characteristics after laser processing. In order to
obtain the desired surface properties and avoid
damage, a knowledge on the influence of each
parameter on surface characteristics after laser
processing is very important.

In this paper we perfom some studies in order to
optimize the cleaning process by varying the laser
parameters of a 100 W average power fiber laser.

2. Experimental Set-Up

Our prototype CLEAN100 ME is based on a 100W
average power fiber laser. The experimental device
is shown in Figure 1. The rate of repetition is
adjustable between 30 kHz and 200 kHz. By using
the varioscan we are able to vary the position of the
focus which could be useful for 3D cleaning.

power supply; 2 - transmission optical fiber;
3 - telescope; 4 - varioscan; 5 — optical scanner)

In Figure 2. the relationship between fiber laser
average power and the repetition rate is given.

Laser power vs
repetition rate

Power, W
(9]
o

30 60 90 100 200
Repetition rate, kHz

Figure 2: Laser average power versus repetition rate

The output average power is almost linearly
depending on the repetition rate. By increasing the
repetition rate from 30 kHz to 200 kHz the power is
increasing up to a maximum value of about 95 W at
99 kHz and afterwards it shows plateaus.

The laser power has been measured using a
LabMax instrument and a PM-150 detector
manufactured by Coherent Inc.

Figure 3: Time behaviour of the laser pulses: single
pulse (a), repetitive pulses (b).

The laser pulse is given in Figure 3. A fast
detector (DET025A/M, Thorlabs) and a Tektronix
TBS1042 oscilloscope were used. As shown in
Figure 3, it results that the energy per pulse is
aproximately 4 m] and the peak pulse power is 10
MW, considering a duration of the laser pulse of 40
ns. The coresponding peak power density is
aproximately 1.3 -10°W/cm?2.

Focusing such an intense laser beam onto the
surface to be cleaned leads to a breakdown on the
surface. This consists of an evaporation of the
unwanted material and a rejection of this material
towards the laser beam. An exhauster is used to take
off the debris. Since the base material (steel,
aluminium) is reflecting back the laser beam (as it is
below its plasma frequency) and a very small
fraction is absorbed, a clean surface of the base
material is obtained.

3. Results

Different materials were tested (EN S235]R steel,
painted stainless steel, aluminium and dibond). The
goal is to get a clean uniform surface and, in case of
aluminium and dibond, a higher electrical
conductivity path on the surface.

> Steel EN S235]R strongly oxidized

We performed several tests on EN S235]R steel
that is strongly oxidised. The microscopic aspect of
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the surface prior the cleaning process is given in
Figure 4.

The chemical composition of the steel used is 0.2
C, 1.4 Mn, 0.045 P, 0.045 S, balance Fe, as maximum
percentages in mass unit. The dimensions in figure 4
are 9x9 mm?2.

cleaning

In Figure 5 there are different rectangular
regions which were exposed to the laser radiation at
different powers 30W, 60W and 90W, from left to
right, respectively.

Figure 5: Removal of surface oxide on steel
(width 40 mm)

Table 1. Results of varying power and repetition rate
on surface oxide removal

Power (W), surface 9x9 mm?
10 15 20

f (kHz)

Table 1. shows the microscopic aspects of the
surface for different parameters. The parameters
considered were: laser average power, pulse

repetition rate and scanning speed. The scanning
speed has been kept constant (0.1 m/s) as well as
the line spacing (0.2 mm). In this case a satisfactory
result was obtained at 15W average power and 99
kHz repetition rate (see table 1). The irradiated
surface is 9x9 mm?,

The evolution of the adherence of the surface
prior and after processing is evaluated. As predicted,
the stained surface has a roughness that offers a
better adherence than the cleaned surface, possibly
linked to the increased effective surface area of
contact. The simple experiment performed is shown
in Figure 6.

Figure 6: Experiment to determine the adherence.

Two small pieces were glued on the surface and a
string was used to connect them. The time that is
necessary for the steel piece to drop was measured.
When the glue was applied on a stained surface the
time was 1.1 s. When the glue was applied on a
cleaned surface the piece dropped instantly
suggesting that the rough surface offers a bigger
adherence.

> Painted stainless steel sheet

Paint from a stainless steel 316L surface has been
also removed using our set-up. In Figure 7 the
surface structure prior to cleaning is shown.

Figure 7: Stainless sheet prior to Ieaning (9x9 mm?2)

The scanning speed of 1.4 m/s has been kept
constant. Table 2. shows the dependence of the
cleaned surface aspect on laser power and repetition
rate of the laser pulses. The irradiated surface is 9x9
mm?,

An experiment has been performed in order to
use a laser with lower nominal power (equivalent of
a cheaper laser). By individual spot irradiation in a
matrix structure, the focused high intensity laser
evaporates the paint and the clean reflective metallic
surface is revealed. Between the irradiated surfaces,
non-irradiated material was warmed by thermal
conduction, so an easy manual peel of the non
irradiated parts lead to a perfect surface. In this
manner a good quality final surface is obtained by
using a much cheaper laser, for example a 20W laser
instead of a 100W laser.

International Journal of Mechatronics and Applied Mechanics, year 2021, Issue 9 73



Optimization of Pulsed Laser Based Metal Cleaning Process

Table 2. Removal of paint from stainless steel sheet
Power (W), durface 9x9 mm?

20 30 40 99

F (kHz)

T |

Figure 8: Matrix punctual aspect of the laser
irradiation (9x9 mm?)

» Painted steel sheet
A black painted steel sheet was exposed to laser
cleaning process.

Figure 9: Initial microscopic image of the painted
steel sheet (9x9 mm?)

The tests performed show that the best results
were obtained with the following parameters: Power
=65 W, Frequency = 65 kHz (see table 3).

At higher powers and frequencies, the steel under
the paint layer is burned. For a good cleaning of the
paint layer avoiding thermal degradation of the
material, two perpendicular passes were made, with
the same parameters (Power = 65 W, Frequency = 65
kHz), but with different speeds, the second pass
being performed with higher speed.

Table 3. Painted steel sheets after irradiation for
different parameters (speed 0.5m/s)

Power (W), surface 9x9 mm?

95

F (kHz)

The microscopic aspect of the surface after
cleaning is shown in figure 10.

-

i

Figure 10: Mlcroscoplc aspect of the steel surface after
cleaning the paint layer by two passes in ortogonal
directions with the following parameters:

Pass I - Power = 65 W, Frequency = 65 kHz, Distance
between lines = 0,18 mm, Speed = 0,5 m/s;

Pass Il - Power = 65 W, Frequency = 65 kHz, Distance
between lines = 0,18 mm, Speed = 0,9 m/s

> Dibond

Dibond is a composite material that consists of
two aluminium plates and a polyethylene layer
between them. It is largely used in the advertising
industry. The aluminium is 0.3 mm wide and a 20 um
strate of paint is covering it. In this case we intend to
remove the painting and to obtain a high electrically
conductive surface.

The dibond surface prior to cleaning is shown in
figure 11.

Figure 1: Dibond surface prior to cleaning (9x9 mm?)
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Table 4. shows the microscopic aspects of the
surfaces cleaned with different parameters.

Table 4. Removal of paint from the dibond surface, 9x9
mm?

Power (W), surface 9x9 mm?
20 30 40

F (kHz)

Initially, the dibond surface is not conductive
because the protective layer of paint. After laser
cleaning, the surface is highly conductive, a LED is
emitting as shown in Figure 12. This application
might be very useful when dibond plates are to be
used in illumination panels and some conductive
channels are necessa

Figure 12: LED emission after removal of paint layer.

4. Conclusions

By using our prototype CLEAN100 ME we
succesfully removed stains from stained steel sheet,
aluminium oxide from alumnium plates, greases
from stainless steel surfaces.

A set of measurements were performed in order
to determine the optimal parameters.

Using an smaller average power laser to create a
matrix of spots and a final manual cleaning step is a
more economically efficient method in some cases.
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