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ABSTRACT: With the rapid development of the advanced manufacturing industry driven by China's national projects such as
aerospace, rail transit, nuclear energy, and offshore drilling, the surface, and interface of key parts of the equipment are
increasingly facing more extreme and complex environments such as high temperature, heavy load, and intense corrosion.
Therefore, it is urgent to develop new surface coating technologies and advanced coating material systems. With the advantages
of thermal spraying and laser cladding, laser hybrid thermal spraying technology possesses unique merits for the preparation of
high-performance ceramic-based composite coating with low defects and strong bonding, which can significantly improve the
wear, corrosion, and oxidation resistance of equipment components. In this review, five parts are classified according to the

coating material systems and preparation process.
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Laser remelted plasma sprayed yttria-stabilization zirconia (YSZ) ceramic coating. The laser remelted coating only
consists of the t'-ZrO, phase compared to the as-sprayed coating that has the t'-ZrO, and m-ZrO, phases. And the laser
remelted coating consists of a remelted layer with a dense column-like crystal structure, a heat-affected layer with a
denser structure than that of the as-sprayed coating, and a remaining plasma-sprayed layer. The microhardness, erosion
resistance, oxidation resistance, and thermal shock resistance of the remelted coatings are considerably better than those
of as-sprayed coatings.

Laser remelted plasma sprayed Al,Os-based ceramic coating. a-Al,O5 phase in feedstock powder is transformed to
y-Al,O5 after plasma spraying, which is completely transformed into a stable a-Al,O; phase after laser remelting. The
laser-remelted coating presents unique bi-modal microstructure features consisting of fused structures and partially-melted
particles. And a large enhancement of wear resistance and thermal conductivity is achieved by laser remelting of
plasma-sprayed Al,0;-based coatings.

Laser remelted plasma sprayed cermet coating. As for the WC-12Co cermet material, post-laser remelting improves
the density and homogeneity of the plasma sprayed coating. And thanks to the dispersion strengthening, fine-grain
strengthening, and solid-solution strengthening induced by laser melting, the mechanical properties and corrosion
resistance of the coating are significantly enhanced. As for the Cr;C,-NiCr cermet material, desirable metallurgical
bonding is achieved between the laser remelted coating and substrate. And the coating comprises equilibrium phases of
Cr,C; and Ni-crystal without metastable phase.

Laser remelted cold sprayed ceramic-based coating. The laser remelting process of cold sprayed Cr;C,-NiCr coating
causes the homogenization and densification of the structure cermet coatings with limited microcracks, hence improving
the anti-corrosion property. The post-laser treatment on cold-sprayed WC-Ti coating is of crucial importance to trigger a
self-propagation high-temperature synthesis reaction resulting in the formation of the TiC phase which is finely dispersed
in the Ti binder. Therefore, the laser treatment of cold-sprayed coatings proves to be effective in terms of tribological
performance.

Laser in-situ assisted thermal sprayed ceramic-based coating. Deposition efficiency, WC concentration, interface
bonding, and tribological property of the cold-sprayed WC/SS316L composite coating can be improved by laser in-situ
melting due to the softening of both powder particles and the substrate. Intralamellar and interlamellar macrocracks in the
post-laser remelting of plasma sprayed alumina-titania coatings due to the rapid cooling and thermal stress can be
inhibited or strongly reduced through laser in-situ assisted plasma spraying.

Finally, three essential development directions of laser hybrid thermal spraying ceramic-based coating technology
were put forward, including exploring advanced coating material systems, developing new laser hybrid thermal spraying
technology, and realizing independent intelligent process optimization.

KEY WORDS: thermal spraying; laser remelting; laser in-situ assistance; ceramic-based composite coating
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Tab.1 Effect of laser remelting on properties of plasma sprayed Y SZ coatings

Laser remelting parameters

Laser power Scanning

Enhanced Properties

Coatings References or laser speed/ .Spot from pre remelting to post remelting
. . _1, size/mm
energy density (mm-min ')

[15] 300 W 500 #5 .
Only microstructure changes reported

[16] 550 W 400 3x3

. _ 2 2

[17] 550 W 350 33 Weight change from —6.8 mg/cm” to 3.7 mg/cm” after 100 hours
of hot corrosion

[18] 1500 W 540 12x3  Surface roughness from 5.94 um to 1.47 pum after corrosion
Oxidation weight gain of 8YSZ coating after 100 h from

Ys7Z [19] 400 W 4 800 20.1 g/m? to 16.5 g/m?, oxidation weight gain of La,Zr,04/

8YSZ coating after 100 h from 12.0 g/m”to 9.8 g/m?

[20] 500 W 50 10 Oxidation gain of 216 h from 0.069 g/m”to 0.045 g/m’

[21] 400 W 700 5%5 1 000 C Thermal shock resistance from 71 cycles to 123 cycles

[22] 7 J/mm? 600 p4 1 000 ‘C Thermal shock resistance from 75 cycles to 175 cycles

[23] 400 100 #3 1 100 'C Thermal shock resistance from 167 cycles to 267 cycles

[24] 4 J/mm® 1.4 1 000 'C Thermal shock resistance from 470 cycles to 960 cycles
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Fig.1 Cross-sectional morphology of plasma sprayed
coating and laser remelted coatings!'®:

a) plasma sprayed coating; b) laser remelted coating
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Fig.2 Schematic showing the failure mechanism of laser-
remelted YSZ TBCs in molten sodium™: a) pristine
YSZ TBC; b) initial stage of attack; c) after short term

attack; d) after long term attack
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a) as-sprayed specimen; b) dotted specimen; c) striated specimen; d) grid specimen
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Tab.2 Effect of laser remelting on properties of plasma sprayed Al,0s-based ceramic coatings

Laser remelting parameters

Enhanced properties

Coatings  References Laser power : : X .
& Scanning speed/  Spot size/ from pre remelting to post remelting

or laser

-l
energy density (mm-min ) mm
[42] 600-1 200 W 600-1 400 #3.5 .
Only microstructure changes reported
[43] 500 W 800, 1 000, 1 200 ¢4
Hardness from 460-630HV0.2 to 980-1 000HV0.2
[44] 8000 W 480 o4 ightl fi 0.2233 0.037 2
ALO4-TiO, Wear weightlessness from 0. gt00.0372¢
[45] 2 600 W 1020 @5 Wear resistance from 1.43 g/m to 0.56 g/m
[46] 600 W 700 5%3 50 h corrosion weight loss from 5 mg/cm®to 3 mg/cm?
[47] 400 W 600 10x1 480 ‘C Thermal shock resistance from 362 cycles to 422
cycles
ALO [48] 400 W 200 @5 Coefficient of friction from 8.6 to 1.2
s [49] 27.3 J/mm> 4 800 Thermal resistance from 1.2 to 0.4 K/W
Hardness from 1 000HV0.3 to 1 600HV0.3
ALO3-ZrO, [50] 600 W 1 000 $2.5 Cross-sectional area of wear marks: The wear loss of the

sprayed coating is three times that of the remelting layer
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Fig.6 Schematic diagram for unmelted particle formation process of remelted coating

(421, : al) nanostructure

coating in molten pool; a2) radiation symmetrical structure of nanostructured remelting coating; a3) further
melting at higher temperature; a4) lath structure of nanostructured remelting coating; bl) conventional coating in
molten pool; b2) near circular shape of conventional remelted coating; b3) further melting along lath boundaries at
higher temperature; b4) stripe structure of conventional remelted coating
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Fig.7 Wear surface of plasma sprayed layer and laser remelted layer

[51].

a) laser remelted layer, 50x; b) laser remelted layer, 500%; c) plasma sprayed layer,
50x; d) plasma sprayed layer, 500x
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Tab.3 Effect of laser remelting on properties of plasma sprayed ceramic/metal coatings

Laser remelting parameters

Enhanced properties from pre

Coatings References Lase/rw Sc(anning §p£<)3d/ Spot size/ remelting to post remelting
power mm-min mm
[56] 1 000 450 44 Porosity from 7.02% to 3.08%
NLWC Hardness from 650-1 000HVO0.1 to 850-1 200HVO0.1
1_
Hardness from 750HV0.9 to 1 SO0HV0.09
[57] 500 186 #1.5
’ Wear rate from 25.13x107° mm®*/(N'm) to 8.5x10"> mm®*/(N-m)
[58] 1100 720 5 Hardness from 615.6-1 046.2HV0.3 to 945.6-1 547.6 HVO0.3
WC-C
-Co
[59] 2 500 100 $2.5 Charge transfer resistance from 0.864 to 1.394 kQ-cm?
Thermal shock resistance from cracks appear after three cycles
WC-Co-Cr [60] 500 840 92 to no cracks appeared more than ten times (800 C):
[61] 300 25 44 Weight change after 100 hours of salt spray corrosion from 6.2
NiCr-Cr;C, to 3.4 g/m’
[62] 800 300 [z Charge transfer resistance from 1.46x10° to 7.81x10° Q-cm?

L . s
& Corrosionrate= o
st 0.18mm/a g

Beta & Corrosion rate=
&£ 423mm/a

Potential (vs. SCE)/V

. A0
for  —>> ad < ~.

1 2‘“2”10 4'9?(10_5 H| L

10 102

107 1076 10
Current density/(A - cm™?)

A B T I RO H U2 1) Sl (A A I 2%
(H7i Pl SR AR AL T S (1 T RFAE ) )

Fig.8 Potentiodynamic polarization curves of plasma
sprayed and laser remelted samples (inset shows surface
features after polarization scan)®”!
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Fig.9 Schematic diagram of carbide formation mechanism during pulsed laser remelting
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Tab.4 Effect of laser in-situ assistance on the perfor mance of ceramic based cold spray coating

Laser Remelting Parameters

. Enhanced Properties
. L . .
Coatings  References Nitrogen iiiref 2?\22:) r Spraying  Scanning ﬁ}l)eed/ Before and after the composite process
pressure/MPa densi distance/mm (mm-s ")
ensity
[68] 3 1800 W 30 10 Coefficient of Friction from 0.9 to 0.65
WC-SS316L ) o
[69] 3 30 10 Coefficient of Friction from 0.54 to 0.39
. Hardness from 394HV0.3 to 690HV0.3
WC/Ni60 [70] 3 2000 W 10 . o
Coefficient of Friction from 0.32 to 0.18
Loading load is 50 kg
WC/Stellite 6 [71] 2-3 8.66x107 W/m® 30-40 30-50 Radioactive cracks around the indentation

No cracks around the indentation

x5 HOLEREMHBINEEREBIRE NI
Tab.5 Effect of laser in-situ assistance on the performance of ceramic based spray coating

Laser Remelting Parameters

Coatings References Primary and — Laser power ~ Spraying Scanning Ber %nhtf‘nceﬂ Properties
secondary gas or Laser power distance/ speed/(mm-s) efore and atter the composite process
ratio (Ar/H,) density mm p

Onset of failure time of salt spray

NiCr-Cr;C, [72] 60 : 2 2100 W 95 280 corrosion from 2 o 12 h
. ) Erosion wear rate from 12.2 to 10.8 mm’/kg
Al,05-13%TiO, [73] 50 : 1.6 11-60 W/mm 63 3
Wear volume loss from 17.6 to 11.0 mm
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