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Table 1 Chemical composition of the Ni-based alloy
% Tt w/% B it w/%
Ni it Mo 2.9
Co 4.5—6.0 Al 5.3—5.9
Cr 10.0—12.0 Fe <2.0
Ti 2.3 w 4.8—5.5

k2 ZETHAYSZIRENIZSY
Table 2 Fabrication parameters of plasma sprayed YSZ

coating
24 KfH
HLT /A 560
HE/V 55
FER Arfii & /(L-min") 40
WA H, &/ (Lemin ") 10
PR R/ (gemin ') 24
W ¥4 B B /mm 100

£33 BEHERAEERNCOCAYHEEIEZSH
Table 3 HVOF parameters of NiCoCrAlY bond coat

SR B

O, %t/ (m*h ') 48.11
Mz B L/ (m*h ') 0.198
PERL AR 7/1 700
E MR/ (gemin™") 62
I ¥R #E B /mm 360
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1.2 YSZEEHREMXIE

filf F I K 1064 nm ik o Nd: YAG #0% %&
Z(LWY-400,HGTECH, & [E ) % YSZ & JZ ¥ & ik

Ay AT BOVE , OGHR 907 B IR S 7R IR 2= R, 8
T PFOL G AR BRI B, X Y SZ TR 2 R ik
frftk. BARBOESEI TR 4.

R4 YSZABREREUERLSH

Table 3 Parameters of surface modification laser for YSZ thermal barrier coating

FE i ik 5 HOEHAR /He FE B/ (mmes ') WL R /W A KB /mm
C1 1 40 10 4 70
C2 1 40 10 4 80
C3 1 40 8 4 80

1.3 CMAS Bty

& H B CMAS ¥y K B4 & & (BE R H 0450
45% Si0,.33% Ca0.13% AlO,;.9% MgO, H #l
HITES % CHR[32-33] 0 X Okt YSZ IR 2
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MR T R AR IR ERE M i, HE K i 22
Ik B T A DR JE ) i BT . CMAAS Ji il ik 39
TE 1250 °C R 4 h &4 F 17

1.4 HBEBUERSSH
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T L 20°—90° R 0.2 (F)s '
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AV BN R A Sy e A N L. C2IRIZ S5 MIC3
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s, XEERR TURER A EEL
O\ 1) BESORE L T I A7, 958 1 R R SRR TR R Y
ST DT

e i 3 50 um
(a)—C1i)2;(b)—C2ik)ZE; (c)—C3 )2,
(a)—C1 coating; (b)—C2 coating; (¢)—C3 coating.

50 pm : g - : 50 um

1 RAREHESBUAMNYSZAEBEXRERA

Figure 1

Cross sectional OM images of YSZ coatings after laser modification with different parameters
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(a)—LZHL}J:'(TEWi) (b)—C2¥JZE %) 5 () —C3 W= (IRA%) 5 (d)—L3(?):'(|—J1i)
(a)—C2 coating (low magnification) ; (b)—C2 coating(high magnification) ; (¢)—C3 coating(low magnification) ; (d)—

C3 coating(high magnification).

B2 RAMHARBAESHLENYSZARHESEMRR

Figure 2 Cross sectional SEM images of YSZ coatings after laser modification with two different parameters

2.2 HOtHMMEREERESWEES 7 CMAS it

K TR L 0 2 800 YSZ BRI 2 #4706 R
TET AP, A B B o B 2 R B AN 1] 3 BT s o B3
AU A B R TR B AR T AT R 2 S RO AR TG
PR 3o S IR0 A R J2 3R 0 A 1 )

B3 RAMUNSHASNHEREREYSZERE
A
Figure 3 Macro image of YSZ coating sample after
laser modification with the optimized
parameter

JEUUE U 2 A0V TR U2 B0 3R T OW T B A 8T 4 e
N P 4Ca) H(b) JEUAG ¥k J2 19 3 10 SEM IR A Al
KB U TR AR 53 G DCRURLRE [X o Ol X 2
FH A58 B Wk o R v A Rl A 0 AR JE A TR
it DX R phy G T e R TP R BE 58 AR R ) 2 A R S

UKL L o SR AOT 5 2 45 G TE U o MR Y
WIZFRE WA 4Cc)FI(d) Fron . I 4(c)Fi(d)nT
W, 5 IR R R AR L, Bk U U2 B0 3R T SOt i M
B X i K o X B BRI T IRIZ R A HOL
VR TR ol 45 Ay LS DX I8 14 /N UL 3BT 45 il s o)
{EAF ORI, AoV R 2 R A A2 VR 2 RS, X SE 2L
T RS BRI L TR oG . BRI R 32 3
&ﬁ@%ﬁ%&%ﬁﬁﬁ%?%%#ﬁ&%é&

(a)—YSZ W ZUEAE) 5 (b)—YSZIRE (Rifi) 5 () — etk
YSZ R (EAR) 5 () —stt: YSZ )2 (mifif) o

(a)—YSZ coating(low magnification) ; (b)—YSZ coating

(high magnification) ; (¢)—modified YSZ coating(low mag-
nification) ; (d)—modified YSZ coating(high magnification).

B4 #HESMELKUEYSZEEREAFESEMBE

Figure 4 Surface morphologies of the as-sprayed and
laser modified YSZ coatings
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Figure 5 XRD patterns of the as-sprayed and CMAS
corroded YSZ coatings
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Figure 6 Surface and cross—section SEM images of laser modified YSZ coatings after CMAS corrosion
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Laser Modification of Thermal Barrier Coating Surfaces and Its
Effects on the CMAS Resistance of the Coating

CAO Gaoming, WU Jing’
(School of Materials Science and Engineering, Shenyang Ligong University, Shenyang 110159)

Abstract: Thermal barrier coating is one of the three key technologies for aircraft engine turbine blades, which can significantly
increase the operating temperature of turbine blades. Y,0; partially stabilized ZrO, (YSZ) thermal barrier coating is the most
widely used currently. However, it is vulnerable to corrosion by environmental deposits (mainly composed of CaO, MgO,
ALO;, and SiO,, abbreviated as CMAS). Under the action of CMAS, YSZ coating undergoes phase transformation and
structural damage, leading to reducing its service life significantly. To improve the phase and structural stability of YSZ
thermal barrier coatings under CMAS, and enhance their CMAS resistance, YSZ TBCs were prepared on the surface of a
nickel based high-temperature alloy substrate, and their surfaces were modified using a pulsed Nd: YAG laser system. Laser
parameters were optimized to obtain desirable laser modified TBC samples. The coating samples were subjected to CMAS
corrosion tests under 1 250 °C for 4 h. X-ray diffraction (XRD) , optical electron microscopy (OM) and scanning electron
microscopy (SEM) were used to characterize the phase composition, surface morphology, microstructure of the modified
layer, and the interface between the modified layer and the original coating. The microstructure characteristics and CMAS
resistance of the modified coating were analyzed. After laser modification, a modified layer with a columnar crystal structure
was formed on the surface of the YSZ coating. The thickness of the modified layer and its bonding with the original coating
were affected by the laser modification parameters. Through the optimization process, the optimal laser parameters were

. The laser modified coating has a smooth surface

obtained with a beam length of 80 mm and a scanning speed of 8 mm-s
and some longitudinal cracks, which helps to improve the interface matching between the modified layer and the original
coating. Under the action of CMAS, laser modified YSZ coatings exhibit good phase stability and structural stability.
Therefore, laser surface modification can improve the CMAS resistance of YSZ TBCs, but the degree of the improvement
depends on the thickness and microstructure of the modified layer, especially the distribution of longitudinal cracks.

Keywords: thermal barrier coatings (TBCs) ; CMAS; YSZ; surface modification; laser parameter optimization; phase

composition ; microstructure ; longitudinal cracks



