© 2020 JETIR January 2020, Volume 7, Issue 1

www.jetir.org (ISSN-2349-5162)

LASER -BASED SURFACE MODIFICATION
OF ENGINEERING ALLOYS

Mrs.JYOTHI WADGERI
Lecturer,Department of Mechanical Engg,
Govt Polytechnic Immadihalli

Abstract -Laser-based surface modification is an
advanced materials engineering process widely used to
enhance the surface characteristics of engineering alloys.
This technique employs high-energy laser beams to alter
the microstructure and composition of alloy surfaces,
resulting in improved wear resistance, corrosion
resistance, hardness, and fatigue life. This paper delves
into the principles, methods, benefits, and applications
of laser surface modification (LSM), including laser
hardening, alloying, cladding, remelting, and texturing.
It also explores current research, challenges, and future

directions in this technologically evolving domain.
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1. Introduction

Engineering alloys, including steels, aluminum,

titanium, and nickel-based alloys, are widely employed
in industries such as aerospace, automotive, biomedical,
and energy due to their excellent mechanical properties.
However, their surfaces are often exposed to aggressive
environments, leading to wear, corrosion, oxidation, and
fatigue. To combat these issues, surface modification
techniques have become vital.

Laser-based surface modification has emerged as a
Unlike

conventional methods like carburizing or nitriding, laser

precise, flexible, and efficient method.
techniques offer localized treatment, minimal heat-
affected zones, and superior metallurgical bonding. The
versatility of laser systems, including continuous wave
and pulsed lasers (CO2, Nd:YAG, fiber lasers), makes

them suitable for diverse applications.

2. Literature reviews
2.1Problem Definition Wear of material is the process
of removal of material from two solid surfaces in solid-
state contact. It occurs when solid surfaces are in rolling
motion or sliding motion relative to each other. In a
well-designed tribological system, the removal of
material is a slow process but it is continuous and
steady. Similar to friction, the wear of material is also a
very complicated phenomenon, which has various
mechanisms and factors are involved. Several type of
wear phenomena occurs like, wear of an unlubricated
metal pair sliding in a dusty atmosphere may be termed
dry wear, metallic wear, sliding wear, scratching wear,
abrasive wear depending on the emphasis intended. To
know the amount of wear undertaken, by direct contact
of Al alloy with metal counter surface, it is necessary to
experimentally evaluate and measure the corresponding
friction and wear. The test to be carried out under
various operating condition and under controlled
conditions. With a view to generate new performance
data, we have chosen three alloys viz. Experiments are
to be carried out on standard pin-on-disc machine, at
ambient temperature and under dry operating condition.
There- fore, the purpose of this work was to determine
the dry sliding friction.
3. Principles of Laser-Material Interaction
When a high-energy laser beam impinges on a metallic
surface, the energy is absorbed, causing rapid heating,
melting, and sometimes vaporization. The extent of
modification depends on:

e Laser Parameters: Wavelength, power density,

pulse duration, and scanning speed.
e Material Properties: Thermal conductivity,

absorption coefficient, and melting point.
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e Ambient Conditions: Shielding gases (argon,
nitrogen) influence oxidation and solidification.
The thermal gradients and rapid solidification result in
fine-grained microstructures, phase transformations, and
improved surface characteristics.
4. Techniques of Laser Surface Modification
4.1 Laser Hardening
Laser hardening enhances the hardness and wear
resistance by transforming the surface microstructure
(typically forming martensite in steels). It avoids the use
of additional materials and preserves the core properties
of the base metal.
o Applications: Automotive gears, crankshafts,
turbine blades.
e Advantages: Low distortion, high precision,
fast processing.
4.2 Laser Alloying
In this technique, alloying elements (either pre-deposited
or injected) are melted into the surface. The result is a
new surface composition with enhanced properties.
e Elements Used: C, B, Si, Ti, Cr, Ni.

e Target Alloys: Steel, aluminum, titanium
alloys.
e Applications: Biomedical implants, cutting

tools.
4.3 Laser Cladding
Laser cladding involves the deposition of a material
layer (metallic powders or wires) on the substrate
surface using a laser. It forms a metallurgically bonded
coating resistant to wear and corrosion.
e Materials Used: Ni-based, Co-based, Fe-based
alloys, carbides, ceramics.
e Applications: Turbine components, die tools,
biomedical implants.
4.4 Laser Remelting
This process melts the substrate surface without adding
material. It refines the microstructure, removes defects,
and enhances properties like corrosion resistance.
o Application Areas: Stainless steel in nuclear

and marine industries.

4.5 Laser Texturing
Laser beams create micro/nano-scale patterns on
surfaces to alter tribological, optical, and biological
behaviors.
o Applications: Microfluidics, biomaterials (cell
adhesion), anti-reflective coatings.

5. Materials Affected by Laser Surface Modification

Alloy Type Typical LSM Applications
) Corrosion  resistance,  biomedical
Stainless Steel ||
implants
Titanium Biomedical and aerospace, improved
Alloys osseointegration
Aluminum Wear resistance for automotive and
Alloys aerospace
Nickel ) ] ) )
High-temperature resistance in turbines
Superalloys
Tool Steels Cutting tools, dies, and molds

6. Microstructural Changes and  Property
Enhancements
Laser-modified zones typically exhibit:
e Refined Microstructures: Due to rapid
solidification.
o Hard Phases: Martensite, carbides, borides.
e Improved Hardness: Often up to 2-3x
increase.
o Better Adhesion: Metallurgical bonding instead
of mechanical bonding.
o Low Porosity: Especially in optimized cladding
processes.
These improvements result in better wear, corrosion,
and fatigue resistance—critical for mechanical systems
in aggressive environments.
7. Applications in Mechanical Systems
7.1 Aerospace
Laser cladding and alloying on turbine blades and
structural parts offer oxidation and wear resistance at

high temperatures.
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7.2 Automotive Industry
Laser hardening and alloying on engine blocks,
camshafts, and valves improve fatigue life and wear
performance.
7.3 Biomedical Field
Laser-textured titanium implants improve bone
integration and reduce implant rejection.
7.4 Power Generation
Superalloy components in turbines are repaired and
enhanced by laser cladding, extending their service life.
7.5 Tooling and Molding
Tool steels benefit from laser hardening and cladding,
increasing wear resistance and service time for dies and
molds.
8. Advantages of Laser Surface Modification
o Non-contact, precise, and rapid process.
e Localized treatment minimizes distortion.
e Environmentally cleaner than conventional
methods.
e Superior bonding and adhesion.

e Customizable through parameter tuning.

9. Challenges and Limitations
e High Costs:

maintenance.

Initial Equipment  and

e Process Complexity: Requires skilled operation
and control systems.

o Porosity and Cracks: Especially in cladding, if
parameters are suboptimal

e Limited Penetration Depth: May require

multi-pass or hybrid treatments.

10. Future Trends and Developments

e Al and Machine Learning: For parameter
optimization and quality prediction.

e Hybrid Processing: Combining LSM with
additive manufacturing or mechanical methods.

e Nano-structuring and Laser Shock Peening:
For improved fatigue resistance.

e Sustainable Materials: Eco-friendly coatings
using LSM.

o Emerging laser systems with ultra-short pulses
(femtosecond lasers) are enabling ultra-precise
modifications, opening new avenues in

micro/nano-engineering of alloy surfaces.

11. Conclusion

Laser-based surface modification presents a powerful set

of tools for enhancing the surface performance of

engineering alloys in critical mechanical systems. From
increasing wear and corrosion resistance to enabling
biocompatibility, the versatility and precision of laser
techniques make them indispensable in modern
engineering. With advancements in control systems,
beam shaping, and material science, laser surface
modification is poised to revolutionize the design and
longevity of high-performance components across

industries
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