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Abstract

Spray coating is a versatile surface modification technology in which coating is built-up based on the successive deposition
of micron-scaled particles. Depending on the coating materials, the coatings can meet the required mechanical properties, cor-
rosion resistance, and other properties of base materials. Spraying processes are mainly classified into thermal and kinetic
spraying according to their bonding mechanism and deposition characteristics. Specifically, thermal spraying process can be
further classified into many categories based on the design and mechanism of the process, such as frame spraying, arc spray-
ing, atmospheric plasma spraying (APS), and high velocity oxygen-fuel (HVOF) spraying, etc. Kinetic spraying or cold gas
dynamic spraying is a newly emerging coating technique which is low-temperature and high-pressure coating process. In this
paper, overall view of thermal and kinetic spray coating technologies is discussed in terms of fundamentals and industrial
applications. The technological characteristics and bonding mechanism of each process are introduced. Deposition behavior
and properties of technologically remarkable materials are reviewed. Furthermore, industrial applications of spray coating

technology and its potentials are prospected.
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Fig. 1 Comparison of spray coating technologies
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Fig. 2 Coating structure of thermal spraying
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Fig. 3 Sketch of flame spraying of wire/rods®; 1. oxy-
gen; 2. fuel gas; 3. compressed air; 4. wire/rod; 5.
stream of molten droplets; 6. working gas nozzle;
7. compressed air cap; 8. flame; 9. wire molten

Alzte 2 1920dtHell arc sprayinge] S338H33, 1940
ddlo] A& 22 Plasma spraying 71€0) == AT
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19803 tH o= High velocity oxygen-fuel(HVOF) spraying
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2.1.1 Frame spraying (FS)

Frame spraying Fig. 39 =A|E vle} Zro)powderst
wire FEfO] ANEE o] &3l F 71 7l¢z BEFd
o] 7|@L Ao} e AR 7k AAE E3, powder
e wieE 7FEshs W49 3 0)7] w2, ‘com-
bustion flame spraying’©|2}3L A7 % Fith. Abko) &
B2 HlE2 1194 L1 1RZo|H, 7] £917]0A 4
ABlEZ EEe dsht g8yl B S) Frame2 58
3000-3500K°|™, £ =+ 80-100 mso|t}, Agrkx9)
FFI 4E, A2 FFT 4HL torch FAo) Wt
HatA ") dutdos B JeRYET FE4E
28 F2o] ¢35 FFE vAH, 2 A& 5100
pum A =& ARE-3) rod AEE F2 ALOY Cr0s7t
A=, wire A EE= Mo, Zn, Al 50| AMEEH], 2
AEL A 3-6 mm FEo|t},

2.1.2 Arc spraying (AS)

Arc spraying Fig. 49} 7o), wire FE|¢] A5l 3
&2 FFoE, UE dFe $F02 39, F wired}
s A A7) acE YA ZITH WabA, o] R
9] wiree $-§5, carrier gasol 93] 7I&HEt A8
7h2o AT Qe R 37 zstHo)gte g ¢
A, AEA BFTE AT & doeks 3AE AY
I e FAolh AWt o R arc L5 o 6000K 3
Zoli, £E+ 150 ms! AEo)H, arcd] Hglo] Eo}
ASE droplets] 3717} AR
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Fig. 4 Sketch of arc spraying®®, 1. atomizing gas flow; 2.
torch outer shield; 3. stream of molten particles; 4.
electric arc; S. consumable electrodes

Fig. 5 Sketch of plasma spraying®, 1. anode; 2. cathode;
3. water outlet and cathode connector; 4. water inlet
and anode connector; 5. working gases inlet; 6.
powder injector; 7. electrical insulator

2.1.3 Atmospheric plasma spraying (APS)

APS®] torche Fig. 59} o], F& =dlle Cu, &5
A= W ol&3td, o] T F Afe]ol| H7| arc discharge
E YANZDOZMN, working gasS 7128t 714 ARy
AN A7 7t B8l plasma® 44171} o] plasma
£ ol&std ELE 7HAAI L, THEATA HH, 2
working gasZE Ar, Ar+H,, Ar+He, No9F 728 @17t
7V ¥ &Y 1A AFEETE Plasmad] &= oF
14000Ke}9], £ %3 800 ms™ A Eojch Bl Abe) e
A Hye SEA 7RG & dAREE AR, &
LA 71Ae] Bg EA 2L &xd Y3 HEE,
o] F 71A& E£gstd A&k A9t wrk

2.1.4 Detonation-gun (D-Gun) spraying

D-Gund Hg. 63 7o], 71 4% g AL 33,
W5 HAL 25 md ke, FHde W) 52
3 9Tk o] st b AA Fhag Ese] B
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Fig. 6 Sketch of D-gun®, 1. powder injection; 2. spark
plug; 3. gun barrel; 4. oxygen input; 6. nitrogen
input
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2.1.5 High velocity oxygen-fuel (HVOF) spraying

HVOFs= Fig. 73} 7ho] Ak} opal| &, 2 v 7t
& An rAete] dad o3 g2 ES SxE
S & de FTHoIth Fig. 8o TAE =k} 7ol

combustion chamberoll ] A7t DS, =FoA £

Fig. 7 Modern HOVF torch®

Fig. 8 Sketch of high velocity oxy-fuel torch®, 1. pow-
der injection port; 2. combustion chamber; 3. cool-
ing water; 4. oxygen inlet; 5. fuel inlet
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2.2 X2&A} (Kinetic spraying)
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Fig. 9 Sketch of kinetic spray gun®®
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Fig. 10 Sketch of kinetic spray gun®
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Fig. 11 Microstructures of kinetic sprayed coatings!¥
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