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Novel progress of laser cladding and its applications
in material fabrication
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and Electrical Engineering, Shandong University of Science and Technology, Qingdao 266590, Shandong, China )

Abstract: Laser cladding uses a high-energy laser to rapidly melt cladding materials with the substrate
surface, forming a metallurgically bonded coating upon solidification. It is a key technology for producing
high-performance surface coatings and remanufacturing metallic components. Recently, laser cladding has
evolved from a surface coating technique into a comprehensive process integrating coating fabrication,
repair of damaged parts, and additive manufacturing, showing great potential in new material development.
This review first elaborates the metallurgical characteristics of laser cladding metals, then highlights
process innovations in four directions: high efficiency, hybridization, specialization, and intellectualization.
It further addresses the role of laser cladding in material development and fabrication, systematically
reviewing research progress on conventional alloys, high-entropy alloys, amorphous alloys, metal matrix
composites, and functionally graded materials, and summarizing their strengthening mechanisms and
typical applications. However, challenges remain for laser cladding fabricating materials, including
incomplete non-equilibrium solidification theories, lack of quantitative process-microstructure-property
models, and inadequate monitoring and evaluation techniques. Future efforts should prioritize data-driven
intelligent optimization, novel material system design, extreme-environment adaptability, and integration
of multi-energy-field hybrid processes and combined process chains.

Key words: laser cladding; material fabrication; high-entropy alloy; amorphous alloy; metal matrix

composite ; functionally graded material
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Fig.2 Tllustration of field assisted laser cladding processes

(a)induction heating™'; (h)magnetic!**

'; (¢)mechanical rollling"**’; (d )ultrasonic
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Table 1 Mechanism, advantages and disadvantages of field-assisted laser cladding processes

[45-55]

Types of o
Principle Advantage

assisting field

Limitation

Thermal
employed to reduce thermal gradients critical cooling rate
and cooling rate
Magnetic
melt pool controlled particle distribution
Acoustic
activated to promote nucleation and improved particle dispersion
facilitate degassing
Mechanical
(contact) deformation and compressive stress

Mechanical Non-contact shock wave-induced

(non-contact) deformation

No tool wear,

Preheating  or induction heating is Cracking reduction, improved bonding, lower Substrate softening, increased heat

affected  zone, higher  energy

consumption

Lorentz force induced convection stirs Grain refinement, reduced segregation/porosity, Complex field optimization, limited to

conductive materials

Cavitation and acoustic streaming are Significant grain refinement, porosity reduction, Energy attenuation, sonotrode wear,

surface rippling risk

Rolling/burnishing induce plastic Residual compressive stress, densification, High contact load, tool wear, limited

combined finishing, micro pore/crack elimination  to simple geometries

residual  stress reduction, Precise timing required, limited shock

densification, micro pore/crack elimination effect
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(a)process principle;; (b)laser transmission path; (¢ )an inner wall cladding head'®'; (d)laser inner wall cladding process
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Fig.6 Principal elemental systems and modifying components of HEAs
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(a)principal element type; (b)phase and crystal structure ; (¢)properties and functions
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Table 2 Strengthening mechanisms of laser-clad HEAs coatings

85,89,93-98]

Property Mechanism

Hardness and wear resistance Grain refinement: rapid solidification limits dendrite growth, producing fine grains

Solid solution strengthening: large atom size mismatch induces lattice distortion, impeding slip

Second-phase strengthening: formation of hard BCC, Laves, or amorphous phases enhances hardness and wear

resistance

Oxide film lubrication: formation of a smooth, dense oxide film (e.g., Al:O3) reduces the friction coefficient

Corrosion resistance

Passivation protection: Al, Cr, and Ti react with oxygen, forming a dense passive film that isolates corrosive media

Microstructure densification: rapid solidification produces fine grains, minimizing compositional segregation and micro-

corrosion channels

Oxidation resistance

Oxide film protection: Al, Cr, and Ti form a continuous dense oxide film, preventing inward oxygen transport

Diffusion suppression: sluggish diffusion effect in HEAs lowers elemental mobility at elevated temperatures,

decelerating oxidation kinetics

Strength and toughness

Coordinated deformation: the different slip systems of the FCC and BCC phases enable phase boundaries to effectively

constrain dislocation motion and simultaneously relieve local stress

Eutectic structure: the refined lamellar eutectic (e.g., FCC/BCC dual-phase) enables abalance between strength and ductility

Precipitation strengthening: elastic interactions between fine precipitates and dislocations enhance strength without

lowering ductility

High tepmerature stability

Sluggish diffusion: the high configurational entropy lowers the driving force for atomic migration, inhibiting grain

coarsening and phase transitions at high temperatures

Strong covalent bonding: increasing atomic diffusion barriers and retaining phase stability upon annealing

BOLIE T %5 HEAs IRIZ UK T IR 18 Z BE i, &=
SR - (1) B 2 2%, 2 ook RARLHHELL
THEIN 7 T S T 1 i A AR I, RS B (] 2 A I

AR B ETEAR ; (2) TR JZIT RS Y, i i B2 BCC A
L BRAHIN T T BRSO 3, JE AR KRR R i
SRR O B2 (3) LA A% MOt & 4
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Table 3 Properties and functions of frequently used strengthening phases of MMCs!

13,16,26,95,117-134]

Type Reinforcing phase Property and function

Applicable metal matrix

Carbides WC High hardness, wear resistance, and good impact toughness Ni, Co, HEAs
TiC High hardness, melting point, excellent compatibility with Ti matrix Ti, Fe, Ni, Co
CryC, High-temperature stability and oxidation resistance Ni, Co, Fe
SiC High hardness and elastic modulus, low density Al, Ti
B,C High hardness, low density, neutron absorption capability Ti, Al
VC High hardness, high melting point, grain-refining effect Fe,Ni, Co
TaC High melting point (23880 °C), chemically stable at elevated temperatures Ni, Co
NbC High hardness, high melting point (23600 °C) Ni, HEAs
Nitrides  TiN High hardness, excellent chemical stability Ti
SizN, High strength, high-temperature resistance, oxidation resistance, thermal Co

shock resistance

BN Combination of lubrication and boron strengthening effects Ti, Ni

Borides  TiB,

High hardness, high melting point, good electrical and thermal conductivity Ti, Ni, Cu

Cr,B Excellent high-temperature oxidation and corrosion resistance Co, Ni

Oxides AL,

High hardness, outstanding high-temperature stability and corrosion resistance Ni, Co, Fe, Al

71O, Very low thermal conductivity, excellent thermal shock resistance Fe, Ni, Ti, Al

Rare earth oxides (e.g.,
Y,0,, Ce,0,)

Graphene

Excellent self-lubricating, mechanical, and thermal properties

Grain boundary purification, grain refinement, interface improvement Ti, Ni

Ti,Ni, Co, Al, Fe, HEAs
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Table 4 Performances and typical applications of laser cladding

142,151-162]

Base material Coating system

Enhanced property

Application

Ti alloys (Ti-6Al-4,
TiAl, etc.)

Ni alloys (Inconel 718,
Inconel 625, efc.)

Al alloys (AA7075,
AA6061, etc.)

NiCr-TiC, Ti-TiB,, HEAs, etc.

WC, TiC-Inconel 625
nanocomposite, ezc.

NiAl-Cr, ceramic-Ni composite,
amorphous alloy, ezc.

High-strength carbon steel/  High-hardness Fe-Cr-Mo-C composite,
tool steel graded coating, efc.
Others (Cu alloys, Mg Metal-ceramic composite, FGM, etc.

alloys)

Wear, corrosion, and oxidation
resistance

Wear resistance and high-temperature

Hardness and corrosion resistance

Hardness (>=800HV ) and impact
resistance
Thermal conductivity and wear

resistance

Aero-engine blades, aerospace
structural components

Gas turbines, oil drill bits

fatigue resistance

Automotive engine blocks,
aerospace structural parts

Mold gears, pump and valve
components

Electronic heat sinks, lightweight

structures
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