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Table 1 Factors influencing cavitation-induced failure

Influencing Factors

Specific Effects

Medium Properties

Liquid viscosity, density, and gas content all affect the material's cavitation resistance.

High temperatures may accelerate material softening or chemical reactions, while low temperatures

Temperature
Environmental Factors

may affect fluid cavitation behavior.

The characteristics of the water flow, such as sediment concentration, bubble count, and abrasive

Impurities and Particles

particles like SiO», significantly reduce the material's cavitation resistance.

The mechanical properties of the coating influence its resistance to plastic deformation and its

Mechanical Properties

ability to absorb elastic energy under cavitation conditions.

Material Factors
Microstructure

Grain size, phase composition, density, and surface defects.

Surface Characteristics

Residual stress and chemical stability of the surface may induce cavitation effects.

Load State

Different load conditions result in varying degrees of cavitation.

External Factors
Coating Protection

Can significantly reduce cavitation damage on the material surface.

In marine environments, the synergistic effect of corrosion and cavitation makes coatings more

Cavitation-Corrosion

Synergistic Factors

vulnerable in NaCl solutions than in freshwater.

Cavitation-Erosion

Surfaces subjected to erosion wear are highly susceptible to cavitation effects.
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Fig.2 (a) Cavitation erosion cumulative mass loss curves and (b)Cavitation erosion cumulative mass loss rate curves
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Table 2 Research on Erosion Performance of Typical Laser Cladding Alloy Coatings

Hardness

Coating Material Substrate Material HV) Performance Reference
After erosion at 600° C, the nickel-based alloy coating
Ni-base 15CrMo 328 HV exhibited significantly lower volume loss compared to the [51]

15CrMo substrate, with a reduction of approximately 63%,
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AlCoCrFeNi 0Cr13Ni5Mo 545 HV
Ni60-WC Q345 860-940 HV
CrFe4Co4NisCr26..A
904L —
1:Moo.4
AlCoCrFeNiSi 304SSl 711 HV
Ni-ALO3 AlCoCrFeNi S
Hogonas-WC 304SS I
Ni-Cr3C2 2Crl3 380-480 HV
Inconel625-VC 316L 1000 HV
CoCrFeNi-NbC 316SS 458.5 HV
AlCoCrFeNiTios 35CrMo —

demonstrating excellent erosion resistance.

The heat-treated coating exhibited less mass loss under both
low and high erosion angles.

The erosion rate of the composite coating first decreased and
then increased with rising WC content. When the WC
addition reached 20%, the composite coating exhibited the
lowest erosion rate and optimal erosion-wear resistance.
Under solid particle erosion conditions, the HEA coating
exhibited a hybrid erosion mechanism combining
micro-cutting/plowing and erosion pit formation. The Alos
coating demonstrated superior erosion resistance with the
lowest erosion rate

The coating exhibited characteristic brittle erosion behavior,
with fracture toughness deteriorating progressively with
increasing Al content. At elevated temperatures of 700° C,
however, the erosion rate decreased due to combined
precipitation strengthening and oxide layer effects.

The mass loss showed a progressive decline with increasing
Ni-ALOs content, demonstrating that the incorporated
Ni-AlLOs particles effectively enhanced the coating's erosion
resistance.

The Hogonas-WC clad specimen demonstrated superior
erosion-wear resistance compared to the substrate material,
effectively avoiding the hybrid failure mode combining
ductile and brittle mechanisms.

The rate of erosive wear has decreased by 50% compared to
the base material.

The coating hardness increased linearly with higher
reinforcement  phase content. However, excessive
reinforcement led to dominant brittle fracture behavior of
primary vanadium carbide (VC) particles, ultimately
degrading the erosion resistance.

The 10wt% NbC-reinforced HEAS composite coating
exhibited optimal microhardness homogeneity and
reinforcement phase distribution, resulting in the lowest
cumulative mass loss. In contrast to the substrate's
predominant ductile fracture mode, the NbC-containing
coating demonstrated a hybrid failure mechanism combining
brittle and ductile characteristics.

The composite coating demonstrated significantly superior
erosion resistance compared to the metallic coating at both
30° and 90 °  impact angles. Notably, its erosion
performance remained comparable under normal and

oblique impact conditions.
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CoCrFeNiTi
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304SS

410SS

568 HV

1800 HV

The CoCrFeNiTi HEA coating exhibited significantly
reduced erosion rates compared to the substrate material at
both 30° and 90° impact angles. Under oblique impact
conditions, the coating's material removal mechanism was
primarily characterized by micro-plowing and micro-cutting.
Compared to SS410 steel, the Colmonoy-6 + 50% WC
coated specimens demonstrated superior erosion resistance
across all test conditions. Impact velocity was identified as

the dominant factor influencing slurry erosion performance.

[62]

[63]
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Table 3 The influence of sediment concentration on the

erosion resistance of coatings.
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Research Progress on the Anti-cavitation and Erosion Performance of
Laser Cladding Alloy Coatings
Zhang Zhe', Zhang Shuyan?, Wang Tuo!”*
(!School of Materials Science and Engineering, Xinjiang University, Urumqi, Xinjiang 830017, China
’National Institute of Extremely-weak Magnetic Field Infrastructure, Hangzhou, 310051, China)
Abstract: Hydraulic machinery serves as the core equipment in hydropower stations and pumping stations, primarily encompassing turbines and pumps. Cavitation
and erosion occurring on turbines stand out as the main causes of failure in flow-passing components, and they have remained a critical challenge hindering the
development of hydraulic machinery for over six decades. Numerous researchers have consistently found that applying a dense coating on the surface of the base
material can effectively mitigate the damage to hydraulic machinery caused by cavitation and erosion. As an advanced surface modification technology, laser cladding
has opened up new avenues for the industrial application of such coatings. By summarizing existing studies, this paper comprehensively analyzes the mechanism,
influencing factors, and prediction methods of cavitation and erosion. It specifically examines the impact of factors like powder composition and operating conditions
on the cavitation and erosion resistance of laser-cladded alloy coatings. Based on the above analysis, the paper addresses the current drawbacks of materials in terms
of cavitation and erosion resistance, summarizes the existing problems to date, and outlines the future development directions and trends of laser-cladded alloy coating

materials. This work aims to provide valuable references for the development of high-performance laser-cladded coating materials.

Key words:Laser Cladding; Cavitation Erosion; Impact Erosion; Alloy Coating



