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The Characteristics and Applications of the Plasma
Spray Coating
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Table 1. Comparison of various thermal spray processes
Process of Variety of Coating Properties Productivity Cost
Thermal Spray Materials Stlrgg:gth Porosity Control %lg}gc}t;p Initial Running

Wire A A JaN A O (@) o]

Rod X AN AN A AN o] o}

Oxy-Fuel Powder o] A A A 0 (©) 0

HVOF ¢ @) © A A x A

Detonation o ©) (@] A A X A

Elextric Arc A A A o] (@] © ©

APS © o o) 0 0 A PN

Water

Plasma | giabilized o A A A ° - °

VPS © © @) A o X A

Wire Explosion AN © © X X 0

Laser o] AN A X FaN A A

© exllent, O good, A average, X poor

E4 ¥ 194 " ustgcth o] ZolME= AEA e ™ AL YA
Zet=znt §AMY (plasma spray) & 129 €4 A8 A FF A, 2L THF AA, rE FTF
(99 4 2= oF 30,00007HA &) o& A= 2 A ARz} siEEo], HEP(High
I8 AeEtge SAAE AFEE S e E B Energy Plasma), VPS(Vacuum Plasma Spray),

A 150CE A FAT & Aol A9 #IYU
o] 7] AbY Eoke] REo Fol Hgg F Uth
Eglznl gAte] AHL Astd o gk Y

L&A A5 g REy A (F45 A5 % 1
49 AulAs) & §AME 5 Qdth
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3. AR E JFAE F A3 ot A
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(a) Schmatic diagram of plasma spray

(b) Plasma generation gun

Fig 1. Schematic diagram of (a) plasma spray and
(b) plasma generation gun
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Fig 2. Schematic illustration of thermal gradients
through cross-section of typical plasma-arc jet
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Fig 3. Temperature and velocity variations within
DC N2-H2 plasma jetFig.
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Table 2. Properties of various plasma spray technology with environments

APS LPPS or VPS UPS
Variable particle velocity Variable particle velocity Relatively low particle velocity
High particle temperature High particle temperature High particle temperature
Low substrate temperature High substrate temperature Very low substrate temperature
Expansion of coated area Noise, radiation and dust reduction
Reduced gas/metal reaction Toxic material coating
Reactive material coating Dense and thicker coating

W E e o] W] 4L Eo] ofolAE A oz A7 7)1F (porosity), F9 F71she] b
felme FUQiale) £} mg)x, ofoha Lo Lol AT AsE, FE L A FE) & A
(arc length) 7} 1 ¢t Alo] 1o EAje] 2% & 2 A &3 (topographical effect) & 7FA3L Sl
7} o} ¢ o}, wabA] o X A% (energy density) ), Zalznl LA WzF £ (cooling rate) = oF

7} wom gAAEY) Jkg AWEn FAE 2 10-10KsTo| 2R Z¥EFe H| A Ao AY wie
& 877} golsth v 7} Fetzup SARDE €
54 & 2014 vl mstloh

4. E2t=ot AlmE S §4

gA TR AL A9 E=0) streamit

o) W8, $F4F&y 2o vhg, a1 TR
L& AW 98] Jakg wHorn2 KA o= v
& Aojsltl, thEZHC =¥ EAod FHF v ,
ATz, A¢E, 27589, 41X 3¢ E F Utk OXIDISED PARTICLE ROUGHENED
COMPONENT SURFACE
4.1 ZEE9| o|MF=(Microstructure) Fig 4. Schematic view of coating structure

o)Al =zt %%% A= B2 &9
9ol HHPstA #H F F& Fudch FHE
(flattening) ] AE=E & F (melting) =, A9
4, #8 2L (surface wetting) ol 2l glom,
2 94 98 259 dAvE g8 o Ay
22 Fg28 24 lamellar) 78 24 B9 =
B 7z 3294 g 1 40 veiged,
AA 7] E£97) stolM Zetzel SArE B 2wl
28 29] 99 (fracture surface) & 219 50 eI
o Fig 5. Fracture surface of an air plasma sprayed
) tungsten coating showing
(a) intersplat fracture
(b) columnar structure within splats

Oy 4ol & $ Ql%e] dukor FY
Aol Ao A§ T4
(unmelted particle), 71-&8§ YAl &2o]
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o
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N
=
e
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@2
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(local diffusion) ¥ &3} (alloying) o] 2] o33}
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FEEFO A FH e AR $Add oy
Zhzd & o] 7ba] Be) g R glon)

pull-off test, indentation and scratch test, shear

Hu

test, double-tortion test, four point bend test %-©)
ola e !

FAE ZEFNM 1z 27 S A & o
FE vk o] FF SHe ')J'w_ A ZHE
o BaAfzhe] d# A Aol 2 &) L}‘b}"’]"f Ao E
At o2 214 & (tensile siress) 02 oo A
Aemtit o] gelo] A Rt 2w 4 (crack)
o rAsta g o] HolHubaA Hrh e
HAHLEIE W 2 Ao bE e

(compressive stress) ©] FE Zo) 47 = 9lomn
o] 212 9] & (fatigue) ol ©)2-¢ A3E vz},
HF €8 AL four point bend testE sk o
# (Young's m()dulus) 2 A BEA A (X-rays
eldstlc constants) & AA g o 2y ok = Qo) @

KA BI0%H B, 19974 10H

4 4 A5 (Hardness)

ir 31El B4 S bk wo] ol &5 B0

oay UEek AW S B & AT 4 (splat) 7

Agrdel #4525 vehdoh e ek o

. Ao v EA ol ulw BA

2 WinlAgde] 7] e A
‘]

t

5 1 2 Fofofglic}, ’
e &4 o2% 43¢ Knoop Hardness$
Vickers Hardness 49 yio} Ab&5 1 gid),

AoleAE nEde

7t 1

9 449 & ke el A
38 wokiz AR YA BEAAHY. Bajz
o g FH 48 ok A4, Uom

Y o] A vt ol

! e !
Aol wheh of ¢] Hopol 8% qick,

5.1 WHWEAM A€ (Thermal
Coating)

Barrier

WEA, iz, ddAol 53 Aaa A
g AHRate] Az SAE S yaAg ar el
gt &, F£2 &-F7] combustor cans, nozzle
and walls, gas path transition pieces, turbine
blade flatform Sl 2 &5 1 gjv}. @ uato) A}
25 AF5 2= Ca0, Meg0, V.0, C,O, 507 of
A A2 Ao} (Zr0) & AMgstEd| oA 3
AE kst olf e medAM AzZzoly
tetragonalll 4| monoclinic . 2.2] A#H 32 gho} x|
ZaYote]l dF7A  A34 (thermal shock
resistlance) 7 214 (corrosion resistance) & %7}
Al717] wiiolct, ¥z IEEH 2A) B4 3)e]
Agd Zslel A fol 93 $HS BahA
717] $13 F2F 28 (bond coating) & ©| &3 o] %
a9 sz ool NICAIVA ¥ito] F2
AREE AL ek #Stoll oA A RRE AY
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Ao WEAA
(graded metal-oxide coating technology) ©] 7% %
Adizdl ol ol FFY Ko ¢ £& 457 A3y
& Yehyi= ez wE e Y

agat A =8 /)%

5.2 uole FAE(Wear
Coating)

resistance

WrlE A g H402 AR A Y A
BEE B2 4k, W& vl@dAg, 28 2A-21
23+ A% (adhesive strength) & YEMNE Cr0;
ALO,, TiO, ALOy-TiIO,, WC-Co, Cr,04- NiCr 59|

RHE 4] - sk - o] 3]

Tl ek 2 Ferh vl S40 8% 9 4%
Zggic), Zetzvl ALEE 2 A A A 1t
9 (abrasive), PlEPH2E (fretting), %3 @4
(cavitation) , UAE 7] 98] AME-H
o, 3] sealing rings, guide rolls, pumpsleeves,
comprellor cylinder o] AF8-%] 2 glch,

v}<= (erosion) 2

5 374 =Y
(Corrosion resistance coating)

WA gaps kel ALEEHE 84 AEREE Y
21 el @43 Al Zn, Ni-Cr, Ni-Al, 2#Q1#2

AT k. mEEe olw BAS buk AR 4 59 FEAES} T2 LS A $4 3
£ 548 dehiisd ot 34 PR(amdn  Thiol EAE /1T $RE FAV A2 W
structure) 1= Z®W EAe 7|13t F 3® 330 Ae F A2 T4 FHo2A A F (annealing),
Table 3. Plasma spray applications
Energy
1. Fuel
Cell
. Paper . Auto- | Electrical | 2. IronTSteel
Aerospace| Medical L. Textile . | Nuclear Boilers
Printing motive | Electronic Fusion Pumps
Industrial
Gasturbine
Si
Cu b o
Metals Ti
Al 0 o
Mo
MCrAlY 0 0 b
NiCr b b b
T-800 0
Alloys | gt ellie 0 0
CuAl 0 0
CoCr 0
WC-Co 0 0 o 0
o WC-Co-Cr Y 0
Carbides | 305 NiCr 0 0
WC-Ni 0
HA
AI203-MgO 0 0
Al203 0
ramics AlI203-Ti02 0
Ceramics Tio2 0 0 . 0 (9 o
Cr203 0 0 o
7r02- Y2 0
6r§)2 M0/ o) o
AlSi-Polyester 0
C Ni-Graphite o
Bi)mg MotNiCrSiB 0
ends NiAl o
NiCrAl 0
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Alternator Cover Crankshaft Valve
pision rirg Mo+NICrSIB,
FeCr Alioy,
side hausing O .CrHNiCr
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fy wheel AO,
synchronizer ring Mo, Moblends
piston shaft Mo, Moblends
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Synchranisation abradable wrbochanger comp. Al-Sitpolyester
Ring
intake ptc heater A
electrical base dynamotor AO,
Gear Shift Fork Injection Nozzle Piston Ring distrtutor rotor QUOALG,

Fig 6. Plasma thermal spray application in automitive industry
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Fig 7. Plasma spray applications in aero industry
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