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This paper represents the efforts to achieve the laser cleaning process of low carbon steel alloys AISI1005 andAISI1012 with 0.65mm
and 1mm thickness, respectively. The cleaning experiments were performed with a Q-switched Nd:YAG nanosecond laser at
wavelengths of 1064 nm and 532 nm. The parameters that have been selected for the present work are peak power which varies
as 5, 15, 30, 40, and 50MW and pulse repetition rate which varies from 1 to 6Hz by 1Hz increment. Effects of these parameters on
the microstructure and the mechanical properties of the two alloys have been realized. Also predicted results of analytical model
regarding the depth were compared with the experimental results which show a good agreement between both.

1. Introduction

Laser cleaning is considered to be the process which is in
possession of big effects in cleaning processes in the near
future and it has become a real alternative to mechanical and
chemical techniques to remove contaminants from a large set
of materials which are environmentally costly [1].

Laser cleaning has been considered as a promising tech-
nique to directly ablate contaminants without altering or
affecting bulk properties in numerous applications [2]. Com-
pared to conventionalmechanical or chemical methods, laser
techniques have the benefit of a versatile and selective pro-
cess of removing specific substances using appropriate laser
parameters, such as wavelength, frequency, and intensity [3].

The one-dimensional temperature rise in the sheet is
described by the following [4]:
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where 𝑧 represents the removed depth (𝜇m); 𝑡 is the interac-
tion time (sec); 𝜏 is the integration variable (sec); 𝑛 is an
integer number for simulation; 𝐾
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is the thermal conduc-

tivity of the metal (W/m⋅
∘k); (𝐷

𝑚
= 𝐾
𝑚

/𝜌
𝑚

⋅ 𝐶
𝑚

) [4] is the
diffusivity of the metal (m2/s); 𝜌
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(Kg/m3); 𝐶
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is the specific heat of the metal (J/Kg⋅

∘k); 𝐼
𝑎
(𝑡)

is the absorption intensity (W/m2); 𝐹 represents the fluence
(J/m2); 𝐼𝑙(𝑡) is the incident laser intensity; and𝑅 is the reflecti-
vity of the contaminant layer; since rust and lubricant are
oblique materials, then their transitivity equals zero; as a
result (1 − 𝑅) = 𝐴 [4].

Equation (1) represents the method to simulate the
removed depth analytically. Lasers can remove unwanted
layers that conventional techniques cannot remove safely [5].
Ahn et al. showed that a near-infrared (NIR) laser pulse pro-
vides an effective tool for removing lubricants from carbon
steel surfaces [6]. Such a unique case of technological and
methodological processes was entirely determined by the sci-
entific contribution provided by various research institutions
[7].
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Figure 1: Removed depth at different peak powers, wavelengths of
1064 and 532, and PRR of 4Hz for AISI1012 and AISI1005.

2. Experimental Details

The laser beam is delivered using an optical fiber. The laser
spot for this work was fixed on the sample surface at 2mm in
diameter which is focused perpendicularly on the surface of
20 × 20mm2 in area.The steel plates were covered with a thin
film of contaminant layer (rust and lubricant).

Processed samples were examined with optical micro-
scope(OM) of (200x) which is beside its main job to examine
the microstructure of the samples, the (OM) is measured
experimentally the removed depth of ablation by using the
circular ruler in the side of this device which its scale
in micrometer. Roughness tester was used to distinguish
between the average roughness (Ra) before and after laser
cleaning process; microhardness tester was used to examine
the effects on the mechanical properties of the base metal
surface; UV-VIS-NIR spectrophotometer was used to show
the absorptivity of the contaminant layer [𝐴 is the absorp-
tivity of the contamination which has value of (𝐴 = 0.89)
that was measured experimentally] on both metals to both
wavelengths of the laser system of this work, and SEM was
used to experiment the microstructure of the samples after
being irradiated by laser beam to check for the existence of
laser cleaning effect.

3. Simulation Results

The present computer model agreed well with experimental
in most situations, where the depth of ablation in both
experimental and computational results was approximately
similar inmost cases as shown in Figures 1 and 2. As shown in
these figures, the removed depth increased with the increase
of both pulse repetition rate and peak power. The process of
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Figure 2: Removed depth at different PRR, wavelengths of 1064 and
532, and peak power of 40MW for AISI1012 and AISI1005.

removing reached a reasonable value at PRR of 4Hz and 𝑃
𝑝

of 40MW.

4. Experimental Results

4.1. Peak Power Effect. Laser ablation threshold is defined as
the minimum fluence value at which there is a detectable
removal of matter (contaminant layer) from the surface of a
metal subjected to laser irradiation [8]. In this sense, peak
power effect, which is closely connected to laser cleaning
efficiency, plays a key role on surface processing quality.

Figure 3 displays scanning electron microscope (SEM)
image of processing results at the optimum values of peak
power and pulse repetition rate of 40MW and 4Hz, respec-
tively, while Figure 4 represents the optical microscope (OM)
image of processing results at optimum value of peak power
and pulse repetition rate of 40MW and 4Hz, respectively.

The surface roughness of processed low carbon steel
(L.C.S.) substrates is illustrated in Figure 5. The roughness at
a low laser peak power is high due to the existence of uneven
processing residues. Once the laser peak power reaches
15MW, surface roughness starts to decrease.This reveals that
a high laser peak power provides effective elimination of
residues for a thin layer of contaminant (in 𝜇m). Control
experiments show that Nd:YAG laser ablation offers full
cleaning with reasonable surface roughness due to substrate
free damage.

The microhardness of the base metals is 350HV for
AISI 1005 and 108HV for AISI 1012. As shown in Figure 6,
the microhardness of cleaned samples is rather increased
as the laser peak power increases. This indicates that the
contaminant layer is removed efficiently from L.C.S. plates
through a thermal decomposition process.
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Figure 3: SEM image 1000x at 𝑃
𝑝
40MW and PRR 4Hz.

Figure 4: OM image 200x at PRR = 4Hz; 𝑃
𝑝

= 40M.

Figure 7 represents the relationship between the depth
and 𝑃

𝑝
at PRR of 4Hz for AISI 1012 and AISI 1005 at 1064

and 532 nm.

4.2. Pulse Repetition Rate (PRR) Effect. Q-switched nanosec-
ond pulsed laser has a benefit in the cleaning process, since
no heat load into the bulk of the material has been affected
during the pulse [9].

When the PRR has been increased, removal depth has
also increased as shown in Figure 8.

In this research, the values of (P.R.R.) were measured
at 1 second in all experiments. To facilitate the theoretical
analyses and to Unification the experiments process.

An important observation can be seen in Figure 9; that is,
in the experiments of this study, when the pulse repetition
rate is 4Hz the optimum value was found, at which the
microhardness did not exceed the reasonable value; at the
same time other base metal mechanical properties such as
roughness (Figure 10) explained that surface roughness was
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Figure 6: Variation of microhardness as a function of 𝑃
𝑝
at PRR

4Hz.

decreased during the cleaning process. It was also found that
by changing the number of laser pulses and the value of
energy density the roughness of the cleaned surface can be
changed [10].

The scanning electron microscope (SEM) (Figure 3) and
the optical microscope (OM) (Figure 4) show the effects at
the optimum values of 𝑃

𝑝
(40MW) and PRR (4Hz). From

Figures 3 and 4, also the experiment at 𝑃
𝑝
of 40MWand PRR

of 4Hz shows an acceptable cleaning effect that is related to
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Figure 8: Variation of depth as a function of PRR at 𝑃
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40MW.

goodmatching between cleaning process and unaffected base
metal properties.

4.3. Wavelength Effect. In this research, experiments showed
in the process supported by analytical calculations that there
is no substantial difference or significant impact on mineral
specimens when using the laser wavelength 1064 nm or 532.

The influence of wavelength on the cleaning efficiency
can be ascribed to two aspects. First, the substrate absorption
coefficient of laser light is different for different wavelengths.
Second, the interaction of laser light with contaminant layer
results in localized light intensity near the contaminant layer-
substrate contacting area, which is highly related to the
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wavelength and contaminant layer thickness. Nd:YAG laser
with fundamental wavelength of 1064 nm and its second
harmonic wavelength of 532 nm has a significant effect of
cleaning process for the metal samples from lubricant and
rust, this is returned to the high absorptivity of lubricant and
rust for these wavelengths [11]. Infrared radiation at 1064 nm
with ns pulse duration emitted from a Q-switched Nd:YAG
laser was found to be able to remove rust layer products from
low carbon steel plates with quite satisfactory results [12].
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Figure 11: Photographic image of workpiece.

5. Discussion

In Figures 1 and 2, comparison between the theoretical
and experimental removed depth of AISI1012 and AISI1005
samples at different peak power (𝑃

𝑝
) and pulse repetition rate

(PRR), respectively, was shown for bothwavelengths 1064 nm
and 532 nm. There are no big differences in the results
between them. This is due to the fact that the absorption
coefficient of the contaminant layer is the same for bothwave-
lengths; as a result, the cleaning process effect has the same
behavior for both wavelengths.

Themechanical and optical investigations show that𝑃
𝑝
of

40MW and PRR of 4Hz are the optimum values for cleaning
process since the mechanical and microstructure properties
of the base metal surfaces were unaffected, as it is clear from
microhardness, roughness, optical microscope and scanning
electron microscope tests.

Increasing the laser peak power and the PRR shows more
removal depth and consequently the other side effects were
increased too, since it will affect the base metal surface as
shown in Figure 11, where the green and yellow color zones
show black due to the high power. Partial blackness results of
high PRR were also shown in Figure 11. Optimum conditions
have been taken according to best cleaning effects without
affecting the base metal surface.

The efficiency of the cleaning process using a Q-switched
Nd:YAG laser came from the high absorbance (𝐴 = 0.89)
of the layer of contaminants (rust and grease) for both
wavelengths of the Nd:YAG laser.

The average surface roughness of contaminant layer is
(𝑅ave = 3.5), while the average surface roughness of themetals
is (𝑅ave = 2). The difference between (𝑅avg.) of the con-
taminant layer and metal surface makes the absorptivity of
contaminant layer higher than that of base metal surface;
therefore laser cleaning process will be clear on a layer of
pollutants. They absorb this beam at pulse duration of 10 ns
of the laser beam; due to this duration the impact of radiation
did not affect the base metal surface.

In addition to that the melting point of these pollutants is
much less than themelting point ofmetals, as a result the con-
taminants layer have completely removed without damag-
ing the surface of the metal base, this is accord according
to the optimum values for each of the peak power and pulse
repetition rate.

6. Conclusions

The results show that it is possible to control the depth of the
laser cleaning area by precisely controlling the laser output
parameters. As the number of pulses increases; the depth of
removal layer increases too [13].

In all cases of the present study, a removal layer of the
contaminants from the surface of the samples varies depend-
ing on the real interaction time. Particularly in this work
the microstructures of the base metals remain unchanged in
overall cases as shown in SEM test.

Microhardness tests show that for AISI 1005 microhard-
ness increasing with percentage is about 4% and for AISI
1012 microhardness increasing with percentage is about 13%;
an increment in microhardness for optimum laser cleaning
condition (𝑃

𝑝
40MW, PRR 4Hz) is acceptable in comparison

to the total scale of HV which is 1000HV for carbon steel
alloys. So, it can be said that there were almost no effects
in microhardness values during laser cleaning process. The
optimization of all parameters is essential in defining the best
laser cleaning conditions for each case [14].With nanosecond
laser pulses, better cleaning quality was achieved when
high laser fluence (below substrate damage threshold) were
applied [15, 16].

The computational results show the same behavior of the
experimental work.
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