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Abstract

An overview is given on the state of art of the laser based surface processing of engineering materials. In major engineering
application surface of the material plays a major role. since the surface has the direct contact with the environment as well as
the load. The different parameters such as hardness, toughness, wear resistance etc on the surface has to be enhanced based
on the application, hence there is a need to go for surface processing. Conventional surface processing has its own limitations
toward recently developed materials and other functional aspects. These aspects can be overcome by laser based surface
processing. In this paper an attempt has been made to investigate the principal and effect of laser interaction on materials such
as heating, surface melting, vaporization, plasma formation , ablation etc .The different types of laser based surface
processing of engineering materials based on their properties, Processing parameters and functional aspects which is

considered for different application has been discussed.

Key words: Surface Engineering, Laser Based Surface Processing, Engineering Materials

I. INTRODUCTION

In the recent technological advancement there is a
rapid usage of engineering materials ranging from
automotive, aerospace, missile, power, electronic,
biomedical, textile, MEMS (Micro Electro Mechanical
Systems), chemical, steel, power, cement, machine tools,
construction industries etc. The engineering materials
basically metals, ceramics, polymers, and include
composites in all these materials the surface of the bulk
place a major role. Hence the surface of the materials
should have appropriate properties based on the
application such as high wear resistance, corrosion
resistance, high hardness, high toughness etc. The
surface engineering has become a core topic which
needs an urgent attention for investigation. Surface
engineering is the design and modification of the surface
or the substrate that provides cost effective and
performance enhancement, there are different types of
surface modification processes available for different
applications but they have their own limitations such as
surface processing of intricate shapes, control of process
parameters and compatibility to the recently developed
materials etc, these limitations are overcome by using
laser.

Lasers have become an attractive tool for surface
engineering of materials. In 1970s lasers were used for
cutting, welding and drilling and marking. Recently lasers
are being used for surface related applications such as
heat treatment, cladding, alloying, and thin film
development. In this paper the principle of laser
interaction on engineering materials and the effect of
laser interaction and the processing parameters has been

investigated, the different types of laser based surface
processing such as laser hardening, laser alloying, laser
annealing etc for different applications has been
discussed in detail.

IIl. LASER INTERACTION ON ENGINEERING
MATERIALS

The study on the extent of laser interaction on the
material primarily depends on the electromagnetic
radiation and the thermo physical properties of the
materials. The laser parameters includes intensity,
wavelength, spatial and temporal coherence, angle of
incidence, polarization, illumination time etc whereas the
material parameters include absorbtivity, thermal
conductivity, specific heat, density, latentheat etc[1] .
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Laser radiations is an electromagnetic waves, which
are associated with electric (E) and magnetic field vector
H. Absorption of light can be explained as the interaction of
the electromagnetic radiation with electrons of the
material. Electromagnetic radiations can interact only with
electrons of the atoms of the material because it has much
heavier nuclei. When the electromagnetic radiation
passes over the electron it exerts a force. The force
exerted by the electromagnetic radiation of the electron
can be expressed as [2-4]
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v
F = ¢E + e(— x H)
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Where nis the velocity of electron and cis the speed of
light. If the electric and magnetic field carry the same
amount of energy, the contribution of magnetic field to the
force is smaller than that of the electric field by the order of
n/c. Hence, the most important parameter in the above
equation is eE. The absorbed radiation thus results in the
excess energy of the charged particles such as kinetic
energy of the free electrons, localized primary excitation
energy of the bound electrons etc. Eventually, the
degradation of the ordered and localized primary excitation
energy through various steps leads to the generation of
heat. Hence the absorption processes is sometimes
referred to as the secondary source of energy inside the
material The absorption of laser radiation in the material is
generally expressed in terms of Beer Lamberts law [5,6]

I=(1-R)x I, exp(- a * X)

Where 10 is the incident intensity, | is the intensity at depth x
and a is the absorption coefficient and R is the reflectivity.
The equation [7] can also be expressed in terms of
extinction coefficientk and wavelength (A) is

4rkx
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Where Ais the wavelength and the extinction coefficient [8]
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The optical energy absorbed by the material is
converted into thermal energy which is responsible for
increase in temperature of the material as shownin Fig . 2.
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Fig. 2. Laser based Heat flow in the materials

The heat flow due to laser interaction is considered to
be one dimensional. In which the amount of heat
conducted is the combination of the amount of heat
accumulated and the amount of heat induced. Hence the
heat balance equation can be derived as [9-11].
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Where r is the density of the material (kg/m3). C is the
specific heat capacity of the material (J/kgK), a is the
absorption of the material [12], | is the intensity (W/m2)
and Kis the thermal conductivity of the material (W/mK).

lll. EFFECT OF LASERS IN SURFACE PROCESSING
OF MATERIAL

The conversion of light energy into heat and its
subsequent conduction into the material establishes the
temperature distributions in the material. The laser effect
in the material includes heating, melting and vaporization
of the material. Furthermore, the ionization of vapor during
laserirradiation may lead to generation of plasma.
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Fig. 3. Effect of laser interaction on material
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In addition to the thermal effects, the laser material
interaction may be associated with the photochemical
processes such as photoablation of the material [13]. The
various effect of laser interaction are explained in Fig. 3.

When a laser beam of intensity 10 is irradiated on the
surface of the material and it results in the excitation of free
electrons in metals, vibrations in insulators and both in
semiconductors [14-16] The excitation energy is directly
converted into heat (time duration in the range 10-13 s for
metals, 10-12 to 10-6s for nonmetals) [17,18]. This is
followed by various heat transfer processes such as
conduction into the materials, convection, and radiation
from the surface. The generation of heat on the surface
and its conduction into the material establishes the
temperature distribution in the material depending on the
thermo physical properties of the material and the laser
parameters [19-21] if the incident laser intensity is
sufficiently high it results in phase transformation such as
surface melting and evaporation.The depth of melting is
the major parameter which has to be analyzed during laser
irradiation. The depth cannot be increase to infinitely large
values with increasing laser power density and pulse time
because the location of the melting point in the
temperature to the depth is limited by the maximum
achievable surface temperature. Once the surface
temperature reaches the boiling point, the depth of melting
reaches the maximum value.

Furtherincrease in the laser power density or the laser
pulse time causes evaporation of the material removal
from the surface without further increase in the depth of
melting. As when the material is irradiated still above the
melting point it may result in surface evaporation. The
interaction between the resulting vapor and the incident
laser beam become important in determining the overall
effect of the laser irradiation on the material. One of the
most important interactions is the ionization of vapor. The
highly ionized vapor is termed as plasma. These
generations of plasma can greatly influence with
interaction of laser radiation with the material. It is
convenient to define the laser power density at which the
significant ionization of the vapor results in the formation of
plasma takes place [22, 23]. The plasma is generally
considered to form near the evaporating surface of the
target and remain confined to this region during laser
irradiation with intensities just above the laser power
densities. The confinement of the stationary plasma near
the evaporating surface is generally referred to as plasma
coupling [24]. Plasma coupling plays a major role in
transferring the energy to the dense phase. When the laser
density is sufficiently large to exceed the boiling point and
causing rapid vaporization and the process of material
removal by thermal stresses and surface vaporization is

referred to as thermal ablation. The laser based surface
processing can be classified based on their applications
and their compatibility towards surface processing. Lasers
Material Processing can be grouped under 2 processes: 1)
Applications requiring the delivery of limited and well
controlled amounts of energy to the work piece, such as
annealing,.2) Applications requiring substantial phase
transformations in the work pieces such as heat
treatments and cladding. The different types of laser based
surface processing are explained in the forecoming a
paragraphs.

IV. TYPES OF LASER BASED SURFACE
PROCESSING OF ENGINEERING MATERIALS

A. Laser Hardening

Laser hardenings, is an autogenous method of
producing Wear-resistant patterns on discrete surface
regions of components. A shaped laser beam is scanned
across the component to heat, but not melts, the surface
and then allowing rapid quenching by conduction [25]. In
laser surface hardening heat input rate is high then bulk of
material remains cold and heated surface will cool rapidly
by conduction into the bulk [26]. This provides a hardening
on the surface of the material through a solid-state
transformation that result in the formation of a high-
hardness microstructure, i.e. martensite as shown in
Fig. 4. The depth of the hardened zone may be altered by
varying the amount of heat input provided to the work-
piece [27]
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Fig. 4. Laser Hardening of Materials

Laser hardening considers the Composition and geometry
in Materials selection and wavelength, power, Power
density and Beam interaction time in beam characteristics
are the process parameters [25].Laser surface hardening
used in automobile industry for axle shaft housings and
power steering gear housings. Itis also used for selectively
hardening typewriter keys, farm implements and parts of
hand tools, such as saw teeth and hammer heads [28].
Advantages of laser hardening over conventional methods
such as flame hardening and case hardening are the low
total heat input gives minimum distortion of the work
pieces, heat can be very precisely located, Process is
easily automated, Laser beam can be instantly switched
on or off and laser beam can be used at several work
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station on a time sharing basis [26, 29].Laser hardening is
an effective technique used to improve the tribological
properties and also increase the life of components. In this
paper they discussed about degree of hardenability and
fineness in micro structure obtained depending on the
laser processing variables and absorption coefficient
coatings employed using High power Co2 lasers, Nd:YAG
Lasers and also high power diode lasers using in surface
hardening. In this process increases the hardness of the
base metal 3-fold increase in hardness was obtained witha
maximum case depth of 0.45 and 0.65 mm at respective
laser powers of 1.3 and 1.5 kW. A 2-fold increase in wear
resistance was observed for the laserhardened steel
[30].Laser hardening of steel or cast-iron components can
yield 20% greater hardness than conventional heat-
treating. The efficiency of aluminium hardening by
radiation from a CW Nd:YAG laser was found to be
considerably higher than in the case of a CW-CO2 laser
[31]. It was found that laser surface hardening of titanium
BAI-4V alloy which increase the fatigue resistance by using
Continuous wave Co2 Laser[32].

B. Laseralloying:

T he laser surface alloying (LSA) is a process in which
the desired alloying elements are extraneously added to
the melt pool to alter the surface chemical composition as
best suited for the part being treated. Such modification of
the surface composition to achieve the desired properties
can be effected by introducing the alloying elements in
gaseous or powder form as a prior coating. In making
alloys by Laser, the different process parameters involved
are the exposure time, laser power, the thickness of the film
put down prior to laser melting, nature of the gaseous
ambient during processing. These processes parameters
are interrelated and only one variable cannot be freely
changed without affecting another (33). Laser alloying is
an effective way to increase the surface hardness and
wear resistance of materials, including aluminum. The
effect of laser alloying on the structure and hardness of
silumin AL30 has increased to 180H, which is used to
produce engine pistons operating at high temperatures
[34]. The laser alloying was done using a pulsed Nd:YAG
laser with a generated beam energy of 25-35 J on titanium
with bronze as alloying element to increase the hardness
and wear resistance for screw propeller and slide bearing .
The microhardness of upto 467 HV has been obtained and
the wear resistance was considerably increased as
compared to the bulk materials [35]. High-quality
precipitation hardened stainless steel (17-4PH) with high
strength, high antifatigue, excellent corrosion resistance
and good weldability widely used to produce steam turbine
blades. However, under the impact of high-speed steam
and water droplets, the blades are prone to cavitation, 17-

4PH blade’s surface was alloyed using a high power CO2
laser with alloying materials (2.86%Cr, 3.29%Ni, 0.98%Fe,
40.24%W, 51.33 Co). After laser alloying, the surface layer
was denser and the grain refined, while the microhardness
of the surface (average 610HV0.2) was about one times
higher than that of the substrate material [36]. This laser
alloying can also be extended to MEMS application
especially in selective doping of semiconductor materials.
Laser doping is process in which the dopant materials are
made to be diffused onto the substrate as shown in figure.
Excimer laser doping technique has been utilized to obtain
a heavy impurity doping II-IV semiconductors which are
considerably difficult materials to achieve bipolar
conductivity and to obtain good ohmic contact on them
during device fabrication and the process was successful
with good increase in resistivity, carrier mobility and hole
concentration [37].

Fig. 5.(a) SEM graph of 17-4PH steel before laser alloying (b) after
laser alloying

This laser alloying can also be extended to MEMS
application especially in selective doping of semiconductor
materials.

B.1. Laserdoping

Laser doping is process in which the dopant materials
are made to be diffused onto the substrate as shown in
Fig. 6.
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Fig. 6. Laser doping of semiconductors

Excimer laser doping technique has been utilized to
obtain a heavy impurity doping II-IV semiconductors which
are considerably difficult materials to achieve bipolar
conductivity and to obtain good ohmic contact on them
during device fabrication and the process was successful
with good increase in resistivity, carrier mobility and hole
concentration [37].

B.2. Laser cladding

Laser cladding is a method of depositing material by
which a powdered or wire feedstock material is melted and
consolidated by use of a laser in order to coat part of a
substrate or fabricate a near-net shape part. The powder
used in laser cladding is normally of a metallic nature, and
is injected into the system by either coaxial or lateral
nozzles. The interaction of the metallic powder stream and
the laser causes melting to occur, and is known as the melt
pool. This is deposited onto a substrate, moving the
substrate allows the melt pool to solidify and thus
produces a track of solid metal [38]. This is the most
common technique; however some processes involve
moving the laser/nozzle assembly over a stationary
substrate to produce solidified tracks.
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Fig. 7. Laser Cladding of Materials

Hydroxyapatite(HA) a bioceramic coating extensively
used for replacing g diseased or injured hard tissues were
syntheisied on titanium substrate by laser cladding using
cheap calcium carbonate and the process was successful
for bioengineering application [39]. Laser cladding was
also employed to restore the damaged blades of the
Titanium alloy TI6242 which is mainly used in low-
pressure compressors (LPC) and high pressure
compressors (HPC) of aero engines [40].

C. Laserannealing

Annealing is a process mainly used to induce
recrystallization on the surface of the material to remove

the stresses in the highly deformed. This process can also
be used to remove the gases trapped in the metal .The
annealing is conventionally done in furnace. There are
some limitations in furnace annealing such as overlapping
of grains structure and cannot be applied to specific areas.
These limitations can be overcome by laser annealing
technique. Laser annealing is a kinetic process which is
mainly used to change the microstructure through
diffusion, the laser annealing technique is widely used in
MEMS and micro electronics application [41-44]. The laser
annealing is mainly used to induce recrystallization on the
semiconductor materials to induce the optical and
electronic properties. When a short high intensity laser
pulse is used to heat the material just below the melting
point, the material starts to grow as it cools.
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Fig. 8. Stages in laser annealing of Silicon
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The SEM photograph shown below can be used to
explain between the treated and the untreated
monocrystalline silicon. A submicron growth can be clearly
seen on the SEM graph of the monocrystalline silicon
which has been treated with Nd:YAG laser of
350mJ/cm2[45]

-

Fig. 9(a). SEM graph of silicon wafer before laser annealing



Fig. 9(b). After laser annealing Stages in laser annealing of Silicon

Laser annealing is classified based on the type of
Laser used. The pulsed KrF excimer laser annealing on
silicon films. The Nano structure on amorphous Silicon
surface annealed using nanosecond laser pulse of an
excimer laser and the annealing of silicon using XeCl. The
surface modification of the silicon wafer by annealing
using Transversely Excited Atmospheric (TEA) CO2 laser
was also reported [46-49].

D. Laser shock Processing

Laser shock peening (LSP) is an innovative surface
treatment technique, which is successfully applied to
improve fatigue performance of metallic components.
After the treatment, the fatigue strength and fatigue life of
a metallic material can be increased remarkably owing to
the presence of compressive residual stresses in the
material. The increase in hardness and yield strength of
metallic materials is attributed to high density arrays of
dislocations [50,51] and formation of other phases or
twins [52 ] generated by the shock wave.

An LSP process can be used to treat various kinds of
metallic components, which include cast irons, aluminum
alloys, titanium and its alloys, nickel-based superalloys
and so forth. In the aerospace industry, LSP can be used
to treat many aerospace products, such as turbine blades
and rotor components [53, 54], discs, gear shafts[55] and
bearing components [56]. Protection of turbine engine
components against from foreign object damage (FOD) is
akey concern. [57].

A laser pulse that can be adjusted and controlled in
real time is a unique advantage of LSP [58]. Regions
inaccessible by shot peening (SP), such as small fillets
and notches, can still be treated by LSP [59]. A schematic
diagram of an LSP process on a metal plate is shown
Fig. 10.
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When shooting an intense laser beam on to a metal
surface for a very short period of time (around 30 ns), the
heated zone is vaporised to reach temperatures in excess
of 10,000°C and then is transformed to plasma by
ionisation. The plasma continues to absorb the laser
energy until the end of the deposition time. The pressure
generated by the plasma is transmitted to the material
through shock waves. The interaction of the plasma with a
metal surface without coating is defined as ‘direct ablation’,
which can achieve a plasma pressure of some tenths of a
GPa [60-62]. In order to obtain a high amplitude of shock
pressure, an LSP process normally uses a confined mode,
in which the metal surface is usually coated with an opaque
material such as black paint or aluminium foil, confined by
a transparent material such as distilled water or glass
against the laser radiation. This type of interaction is called
‘confined ablation’. Its had found that, when using the
confined mode, ever greater plasma pressures of up to
5-10 GPa could be generated on the metal surface [63-
65].

The main function of LSP is to introduce surface
compressive residual stress or surface strain hardening
that can lead to an improvement in the mechanical
performance of metallic components such as fatigue and
corrosion resistance. LSP can improve fatigue life of
aluminium and aluminium alloy by over 30 times and
increases the hardness by 80 percent. Micro scale LSP
has higher spatial resolution, is more flexible, and is low
cost toimplement [66].

E. Laser ablation

Laser ablation is the process of removing material
from a solid (or occasionally liquid) surface by irradiating it
with a laser beam. At low laser flux, the material is heated
by the absorbed laser energy and evaporates or
sublimates. At high laser flux, the material is typically
converted to a plasma. Usually, laser ablation refers to
removing material with a pulsed laser, but it is possible to
ablate material with a continuous wave laser beam if the
laser intensity is high enough. Among conventional
polymers that are frequently used in laser ablation studies
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are poly(methyl methacrylate) (PMMA}, polyimide (PI),
poly(tetrafluoroethylene) (PTFE), polyethylene (PE),
polycarbonate (PC), and polyamide. An important trend in
laser ablation applications involves attempts to create a
new polymer with properties specially designed for a
desired technique [67]. There is a high amount of research
interest in the laser ablation of polymers in specific for the
development of micro lens [68-70]. As bio engineering
application laser ablation has been used to ablate the
dental Tissues [71].

V. SUMMARY

The surface of the material acts as a protective barrier
in preventing failure to the substrate. To enhance the
properties of the surface, laser based surface processing
is a versatile tool, it has its own advantages over the
conventional laser processing, Hence to investigate the
application of laser for processing the surface, the
knowledge on the laser interaction on the surface of the
materials has been discussed and the different
parameters involved in the effect of laser interaction on the
materials has been investigated in detail. Finally the
different types of laser based surface process has been
discussed for diff rent application which includes
from automotive , Machine tools to MEMS based
applications and it has also been extended to biomedical
application too.
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