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Abstract: Laser removal technology is commonly used for processing the surface of metal material. Compared with traditional methods, laser technology has many advantages, such as easy integration with welding
equipment, high removal degree, good locality and easy operation, et al. With the temperature rising model
and simulation experiment, laser removal mechanism of derusting for iron material are analyzed. The results
show that the peak temperature of oxide is higher than that of iron at the same laser energy density. The
efficiency and quality of laser removal technology can be improved by choosing appropriate laser parameters, such as laser energy density and pulse width. The threshold value and the depth of laser removal are
calculated. The research results of this dissertation are favorable to the laser removal technology.
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Introduction

Laser removal technology is one of the key development directions in application of laser technology due to the advantage
of efficient and environmental protection [1]. As a processing tool, laser cannot be worn. There are high-performance
surface quality and strong interfacial bonding strength after laser processing. Compared with traditional methods of
mechanical and pickling, laser technology has many advantages, such as easy integration with welding equipment, high
removal degree, good locality and easy operation, etc. [2]. Laser removal technology can be applied to many fields, for
instance, large marine engineering equipment, ship-building and fully-automatic industrial production [3].
The mechanism of laser removal technology is complex. According to the conservation of energy, the surface material acted by laser absorbs laser energy and transforms into enthalpy, which results in the material surface modification
observed by the microscope. The commonly explanation is that the surface temperature is bigger than the vaporization
temperature of material [4], which can remove many different materials. A.C.Tam demonstrated a novel method to remove effectively the small particulates using short-pulsed laser [5]. They found laser removal technology was highest
efficiency by different laser wavelength. A.C.Popescu studied laser irradiation removal an aluminum nanocomposite [6],
which used in situ monitoring system such as high speed imaging and photoacoustic imaging to analyze the laser removal
mechanism [7,8]. B. Sugathan reported the laser assisted removal of translucent particulates of ellipsoidal geometry from
a metallic substrate surface manifestation of field enhanced surface absorption [9]. B.Kim investigated nanosecond laser
Bessel beam scribing on the TCO thin film to improve processing precision and robustness of optical system [10,12]. As
long as the temperature of the metallic oxides is bigger than the metal substrates, the metallic oxides can be removed
without the substrate damage.Many numerical models were done to prediction of processing parameters such as height
and weight [13].
In this paper, we analyze the peak temperature under the different laser parameters with the help of temperature rising
model. The threshold value and the depth of laser removal are calculated. The laser removal mechanism of the corrosion
material on iron will be obtained.
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Simulation model

The thermal conductivity partial differential equations of the material surface can be written as in general form[4]:
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where ρ is density, C is the specific heat capacity of material and K is thermal conductivity of material.Meanwhile T is
the temperature, t is actuation duration, Q is the calorific value of material per unit time and unit volume.
As mentioned before, the laser energy is used as a kind of surface heat source, which belongs to the process of surface
heating. The laser energy converts into thermal energy instantly on the surface and Q = 0, so the volume heat source
does not exist during laser acting process. In certain boundary conditions, the thermal conductivity K is assumed to be
constant. Compared with the size of laser spot, propagation depth of laser heat is much smaller with the short acting time
by pulsed laser. The surface of oxide layer material is considered to be heated evenly in the approximate method, which
is regarded as a semi-infinite body processed with heat conduction equation in one-dimensional.
Here z and t represent the depth of laser heating and the time of laser acting respectively. If satisfied with the boundary
conditions: (1)when z = ∞ , ∂T
∂z = 0 ;(2)when t = 0 , T = T0 . Assuming that the facula distribution of laser is uniform
within the certain area, the average energy density of pulsed Laser selected is constant in a period time of laser acting and
the analytic solutions is obtained as:
{
[
]}

2P (1−R) √

√z
T
+
α
t
∗
ierf
c
0
t

KS
2 αt t

T (z, t) =
{
[
]}
{√
[ √
]} t ≤ tp


2P (1−R)
z
T + 2P (1−R) √α t ∗ ierf c √z
−
α (t − t ) ∗ ierf c
α (t − t )
t>t ,
0

KS

t

2 αt t

KS

t

p

2

t

p

p

(2)
where tp represents the laser pulse-width, S is the area of laser spot, P is the average power of pulsed laser, T0 is the
initial temperature of the material.
Let u = 2√zαt t , the error function could be written as
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of which the complementary error function is
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The main thermal physical parameters of iron and corrosion material is shown in Tab.1 below. The reason why
selecting 90% as refractive index of metallic material is that the most of refractive index of metallic material is 78% and
98%, but the absorption rate of metal surface is increased for the surface asperities caused by laser removal.
Table 1: The main thermal-physical parameters of typical materials
thermal-physical parameters
corrosion material Fe
o
Thermal ConductivityK/ (W/cm C) 0.043
0.55
o
Specific Heat
CapacityC/
(J/g
C)
0.9
0.6
(
)
Densityρ/ g/cm3
5.2
7.86
(
)
Thermal Diffusivityαt / cm2 /s
0.009
0.21
Melting TemperatureTm / (o C)
1500
1535
Vaporization TemperatureTv / (o C)
2700
2860
Absorption Rate
0.7
0.1
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Results and analysis

The results of temperature rising by using simulation analysis were shown in Fig.1. The curve rose firstly and then
dropped rapidly. During the time of pulsed laser action, the temperature increased dramatically and the laser energy
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density was proportional to the peak temperature shown in Fig.2(a). For the large roughness of rust layers, the absorption
rate was high, but the density and the thermal diffusivity were low. Therefore the surface temperature could reach at tens
thousands of degrees Celsius(Fig.1(a)). However, for the high reflectivity of metallic material, the absorption rate was
smaller relatively; the density and thermal diffusivity were higher. So the surface temperature could reach at thousands of
degrees Celsius (Fig.1(b)), which is much lower than that of metal oxide(Fig.1(a)).

Figure 1: Time-temperature curve of the top surface at different laser fluences (a) Rust, and (b) Iron
As shown in Fig.2(a), the rust layers vaporized rapidly with producing plasma when the temperature of rust layers
rose up to vaporization temperature (the position in figure marked with circle) after absorbing laser energy. Namely, the
laser removal threshold of rust layer was 0.65 J/cm2 . Here the corrosion layer was removed.
Similarly, as shown in Fig.2(b), the metallic substrate was melt when the temperature reached at the melting temperature (the position marked with circle 1 in the figure) for absorbing the laser energy. Here the laser energy density was
8.6J/cm2 . when the laser energy density was 16J/cm2 (the position marked with circle 2 in the figure), it is the vaporization
temperature and the metallic substrate was damaged. It is worth noting that the uneven surface was generated after laser
removed surface corrosion material, which would contribute to the interfacial bonding strength of coating. The localized
field enhancement effect would occur on the uneven surface and modulate the incident laser. So the absorption rate of
material surface during experiment would be larger than that calculated by the temperature rising model.

Figure 2: Time-temperature curve of the top surface at different laser fluences (a) Rust, and (b) Iron
It is worth noting that the uneven surface was generated after laser removed surface corrosion material, which would
contribute to the interfacial bonding strength of coating. The localized field enhancement effect would occur on the uneven
surface and modulate the incident laser. So the absorption rate of material surface during experiment would be larger than
that calculated by the temperature rising model.
When the pulsed laser acted continuously, the melting and vaporization of metallic surface also is affected by the superimposed thermal effect. For the complexity of experiment condition, it is required to improve the theoretical calculation,
especially in laser scanning experiments.
However, the thickness removed by laser was small, when laser energy density was greater slightly than the laser
removal threshold. As shown in Fig.3, when the laser energy density was 1.6J/cm2 , the removal thickness of rust layer
was less than 10µ m. So it was hardly applied to the industry for the low efficiency of laser removal technology. The
higher laser energy density is, the bigger the removal thickness of rust layer. Therefore, the appropriate laser energy
density could be chose for improving the work efficiency.
The laser pulse-width is also a greater influence on temperature rising. As shown in Fig.4, the more wider the pulsewidth of pulsed laser was, the longer the time of temperature rise and the duration time of temperature rising were. When
laser energy density was 1.6J/cm2 , the peak temperature was 2200 o C acted by the pulsed laser with 100ns pulse-width
and that was 7000o C acted by the pulsed laser with 10ns pulse-width. The thermal effects was related obviously laser
pulse-width.
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Figure 3: Time-temperature curve of the rust at different depth (the laser fluence 1.6J/cm2 )

Figure 4: Time-temperature curve of the rust on the top surface at different pulse width (the laser fluence 1.6J/cm2 )
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Conclusions

The laser removal mechanism under the different laser parameters was analyzed with the help of temperature rising model.
Some beneficial conclusions were obtained as follows:
(1)The surface temperature curve rises firstly and then drops rapidly. During the time of pulsed laser action, the rising
temperature amplitude of rust layers is bigger than that of metal subtract because of the higher laser absorption rate.
(2)It is proportional between the laser energy density and the peak temperature. The laser removal threshold of rust
layer is 0.65 J/cm2 .
(3) The higher laser energy density is, the bigger the removal thickness of rust layer. It was hardly applied to the
industry for the low efficiency of laser removal technology because of the small thickness removed by laser. When the
laser energy density was 1.6J/cm2 , the removal thickness of rust layer was less than 10µm.
(4)The temperature rising is influenced greatly the laser pulse width. When laser energy density was 1.6J/cm2 , the
peak temperature was 2200o C acted by the pulsed laser with 100ns pulse-width, but that was 7000o C acted by the pulsed
laser with 10ns pulse width.
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