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ABSTRACT: Plasma cladding technology is an efficient and widely used surface treatment technology, which has the
advantages of good bonding with the substrate, low equipment cost, no pollution in the working environment and simple
operation. The current development of plasma cladding technology was introduced from five aspects: plasma cladding process
parameters, plasma cladding alloy coating, particle reinforced metal matrix composite coating by plasma cladding, plasma
cladding coating quality control measures of coating, plasma cladding technology application, etc. In terms of the plasma

cladding process parameters, the influence of the parameters such as cladding current, ion gas flow rate, powder gas flow rate,
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powder feeding amount, welding gun swing amplitude, welding speed, height between nozzle and workpiece, and overlap ratio

for multiple lapping on the coating microstructure was described. In the aspect of plasma cladding alloy coating, the types of

alloy powders for plasma cladding and their introduction methods (pre-coating method and simultaneous powder feeding

method) were introduced. In plasma cladding particle reinforced metal matrix composite coatings, the latest research results of

reinforcing particles and their addition methods were summarized. In quality control method of plasma cladding coating, the

quality control effect of preheating slow cooling, heat treatment, external magnetic field, mechanical vibration, ultrasonic assist,

addition of modifier and addition of rare earth elements on the cladding layer was described. In the application of plasma

cladding technology, the application of plasma cladding technology in mining machinery, automotive parts remanufacturing and

valve repair was introduced. At last, the application prospect and development trend of plasma cladding technology are

prospected.

KEY WORDS: surface treatment technology; plasma cladding; process parameters; alloy coating; particle reinforced metal

matrix composite coating; remanufacturing; valve repair
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Fig.1 Schematic diagram of plasma cladding
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Tab.1 Influence of plasma cladding process parameters on coating

Cladding process
parameters

Effect on the coating quality

Factors affecting
the plasma arc
heat source (clad-
ding current, ion
gas flow and po-
wder gas flow)

If the cladding current is too large, the coating dilution rate is high, the cladding current is too small, and
the powder is not sufficiently melted, which may cause defects such as incomplete penetration, pores and
inclusions. If the ion gas flow rate is too large, the plasma arc will be “over-rigid”, which will increase the
dilution rate of the coating. If the ion gas flow rate is too small, the plasma arc will be unstable. The
powder flow rate is too large, causing severe powder splashing, reducing powder utilization, and
disturbing the stability of the plasma arc. If the flow rate of the powder feeding gas is too small, the
powder may not be effectively sent out of the pipeline into the plasma arc, which may cause the powder to
be blocked, and is not conducive to the formation of the molten pool

Factors affecting
the rate of pow-
der feeding (fee-
ding amount, we-
lding gun swing
amplitude and w-
elding speed)

The larger the powder feeding amount is, the smaller the welding gun swing amplitude is, and the slower
the welding speed is, the larger the powder feeding rate is, and the thicker the coating is. On the contrary,
the thinner the coating is. Appropriately reduce the powder feeding rate, the coating is thinner, and the
cooling rate of the molten pool is faster, so that the microstructure of the coating is finer, but when the
powder feeding rate is too small, a continuous coating cannot be formed. The powder feeding amount, the
welding gun swing amplitude and the welding speed affect the macroscopic and microscopic quality of the
coating, which affects the thickness of the coating, the flatness of the surface, and the thickness of the
coating structure. Only three of them can coordinate to produce a good quality coating

Distance between
torch and work-
piece

The distance between the nozzle and the workpiece is too small, the gas has a large interference effect on
the alloy powder, the powder is easy to splash, and the powder utilization rate is lowered, and if the
distance is too large, the non-transfer arc cannot ignite the transfer arc

Lap rate

In the multi-pass lap technique, if the lap joint ratio is too large, cracks may occur in the cladding layer,
and if the lap ratio is too small, slag may accumulate in the groove, which affects the quality and
performance of the cladding layer
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Tab.2 Three common systems of plasma cladding alloy powder

Alloy powder

Characteristics

Commonly used plasma cladding
alloy powder grade

Fe-based alloy

It has good wettability and can be laminated on the surface of most workpieces Fel, Fe2, Fe304, Fe313, Fe3l16,

with low cost. The disadvantages are poor corrosion resistance and oxidation Fe45, Fe5, Fe6, Fe90

resistance

Ni-based alloy

Ni-based alloys can dissolve more corrosion-resistant elements such as Ni25, Ni35, Ni55, Ni60

Cr, etc., making them more resistant to corrosion than Fe-based alloys. In
addition, the Ni-based alloy has a planar cubic structure below the
melting point, which makes the plastic toughness better

Co-based alloy

Co-based alloys have excellent overall properties, but at a higher price

Stellite Co-based powder series
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Tab.3 Commonly used reinforced particles of plasma cladding metal matrix composite materials

The typies enhanced
particle

Characteristics

Common reinforcing
particles

Carbide particles

Good wear resistance, easy to obtain materials, widely used

WC, SiC, TiC, B,4,C

Nitride particles

Excellent heat resistance, oxidation resistance and corrosion resistance

AIN, BN, SizN,

Boride particles
oxidation resistance

High hardness, good wear resistance, corrosion resistance and high temperature TiB,, CrB,, ZrB,

Oxide particles

High hardness, good oxidation resistance, high temperature stability, suitable Al,O3

for preparing wear resistant coating under high temperature conditions
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Tab.4 Common quality control method and effect of cladding coating

Common cladding layer
quality control method

Effect on the microstructure and properties of the cladding layer

Preheating and slow
cooling after cladding

Heat treatment

Reduce thermal stress and suppress crack formation in the cladding layer

Applied magnetic field

Mechanical vibration
Ultrasound assist
Adding modifier

Adding rare earth oxide

Homogenize cladding alloy elements
It can effectively break up the growing dendrites and refine the microstructure of the coating.

It can effectively refine the grain of the coating and reduce the defects such as pores and cracks of
the coating

Refine the coating structure, homogenize the distribution of alloying elements in the coating and
reduce the dilution rate of the coating

Increase the non-spontaneous nucleation rate, refine the grains, and some of the modifiers can also
form a strengthening phase with the matrix

It can suppress the generation of pores and cracks in the coating, and refine the grain structure of

the coating
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