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Residual Stresses on Plasma Sprayed Zirconia Coatings
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Abstract

Zirconia coatings are performed by the plasma spraying on the substrate of Al-Si alloy. In case
of plasma sprayed ceramic coatings, it is important to control properly residual stress occurred
during cooling process. Residual stress in coating layer varies with sprayed conditions and is
influenced greatly by the coating layer thickness.

Surface residual stress due to coating layer thickness is measured by X-ray diffraction method
and the residual stress in coating layer is estimated by the deflection of coating layer when the
restraint force in substrate was removed.

When zironia was coated on the substrate, tensile residual stress remains on zirconia coated
surface layer. The tensile stress is increased to 0.35mm thickness and after 0.45mm thickness it is
decreased abruptly.

A thick bond and composite coating can reduce the zirconia surface stress and composite coating
controls effectively the thick zirconia surface stress.
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Table 1 Material properties

ZAF-&Hol A A7 47

i g4} o ol g
4 9l7) wjolct,
apebd F ciTolAle ALSE Fdel AE Ay
obg Fetzob $ajel o) way @ A3 2
Bl uhE 2ol W 24an, 84

o ol ‘“*“El»b AFSHE Aol F g W
ol shspo] sabs ® ok
2. HE wy
2.1, A =g
g i HAEL o wo] sol
12 wt. % Sizk 3-fd obFuly P2 ACSAS

pus 2 =}
2AZ AbEeRoich, FAEA e S A &S

COATING LAYER

(a) (b}

Fig. 1 Dimension of specimens for
(a) X-ray residual stress measurement
(b) pickling test
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Young's Poisson’s Thermal Thermal
Material Modulus Ratio Expansion Coeff. Conduc. REF.
(MPa) (v) (#in/in-C) (W/mK)

ACB8A 64* 19 1392 13)

METCO 461 13 23-28 6)

MK-91 11.5*%*

METCO 204NS 50 0.2 11)
10 1.3 7)

% pure aluminium

% % No data, First approximation based on the bond and ceramic thermal expansion coefficient
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Table 2 Material compositions (wt. %)
Material Sign Composition
Substrate AC8A Al-128i
Bond METCO 461 Ni-17.5Cr-5.5A1-2.5C0-0.5Y,0,
Composite MK-91 50 ZrO,(8Y,0,)-50Ni(20Cr)
Ceramic METCO 204NS Zr0,-8Y,0,
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Table 3 Conditions of plasma spraying procedure
Parameters Bond Composite Ceramic
Spray Gun
type MBN MBN MBN
nozzle MBN 432 MBN 432 MBN 432
powder port #2 #2 #2
gas distribution ring MBN 65 MBN 65 MBN 65
Gas
pressure-primary,psi 100 100 100
secondary,psi 50 50 50
flow primary,psi 80 80 80
secondary,psi 15 15 15
Power
arc ampere,A 500 500 500
arc voltage,V 75 75 75
Powder feed
feed rate indicator 65 60 50
vibrator air pressure,psi 5 5 5
carrier gas flow 37 37 37
Spraying
spray distance,mm 140 120 80
spray ratekg/hr 5.22 4.17 3.12
gun traverse rate,m/min, 0.9 0.9 0.6
linear velocity,cm/min. 102.5 102.5 471
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Table 4 Conditions of X-ray strain measurement

Characteristic X-RAY CuKa
Filter Ni

Tube Voltage 30 kV
Tube Current 15 mA
Diffraction Plane (331)
Scanning Speed 0.5°/min.
Chart Speed 20 mm/min.

Time Constant 20 sec
Count Range 1000 cps
Angle of Incident Beam 0°, 137, 19, 2%
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Fig. 3 Residual stress depending on the zirconia coating thickness; 1 layer coating
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