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Abstract: This study investigates the thermal cycling behavior of HVOF-MCrAlY combined with APS-nanostructured YSZ(nYSZ)
thermal barrier coatings(TBCs) produced using three commercial MCrAlY powders commonly utilized by gas turbine original

equipment manufacturers(OEMs) and maintenance, repair, and overhaul(MRO) companies, within a temperature range from

ambient to 1150 °C. Among the coatings, HVOF-A386-2.5+APS-nYSZ exhibits the longest furnace cycle testing(FCT) life, while
HVOF-A9624+APS-nYSZ has the shortest. However, the differences in FCT life among the three TBCs are insignificant. All three
coatings fails in a manner similar to conventional HVOF-MCrAlY+APS-YSZ(mYSZ) coatings, primarily due to crack propagation
and coalescence in the APS-YSZ layer near the YSZ/MCrAlY interface, resulting from interface separation at mYSZ/nYSZ and
mYSZ/mYSZ interfaces. The thermally grown oxide(TGO) layer grows fastest on the HVOF-A9624 surface, whereas the growth
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rate is slowest on the HVOF-A386-2.5 surface. However, the variations in TGO growth rates among the three coatings are relatively

small. It is anticipated that increasing the surface roughness of the HVOF-MCrAlY may strengthen the YSZ/MCrAlY interface, thus

mitigating crack propagation and coalescence in the TBC. Additionally, reinforcing the YSZ/YSZ interface can enhance resistance to

interface separation and surface cracking. Furthermore, controlling the aluminum( Al) content in the MCrAlY and/or doping alloy

elements into the MCrAlY may slow down diffusion, reducing the TGO growth rate and preventing excessive formation of mixed

oxides. These strategies may collectively contribute to improving the durability of HVOF-MCrAlY+APS-YSZ TBCs under thermal

cycling conditions.

Key words: gas turbine; thermal barrier coating; HVOF-MCrAlY; APS-nYSZ; TGO; crack propagation; thermal cycling
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Table 1 Chemical composition and dimension of MCrAlY powders
Mass fraction/%
MCrAlY - - Powder size/um
Ni Co Cr Al Y Hf Si
D4700 29.0-35.0 Bal. 18.0-24.0 5.0-11.0 0.1-0.8 —45+15
A9624 Bal. 21.0-23.0 9.0-11.0 0.8-1.2 =37+11
A386-2.5 Bal. 19.0-26.0 14.0-21.0 11.0-14.0 0.2-0.8 0.1-0.5 0.1-0.7 —63+22
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Fig. 1

Thin layer of Al,03;-TGO developed on HVOF-MCrAlYs after vacuum heat treatment

(a)HVOF-D4700+APS-nYSZ;

(b)HVOF-A9624+APS-nYSZ; (¢ )HVOF-A386-2.5+APS-nYSZ; (1)low magnification; (2 )enlarged area



76 oz

o# s i

545 3

0.088) pm, (0.457+0.079) um F1(0.448+0.065) pm,
e % H:38 . HVOF-MCrAlY B 45 Zh A /b & 1Y
AL O; WORIAFAE T2 A RIS 19 MCrAlLY ook 5
r, Horf, HVOF-A9624 11 AlLO; Bk £, ix nf
AESE R R A9624 BRI R ST R/IN(E 1), TEmER IS
BrhmoRRm Y T AL ARSZE. 3/
HVOF-MCrAlY H119 Al % & 8% I T MCrAlY #
REPERIH, 11 HVOF-MCrAlY B iHRERE (£ 2)
5 MCrAlY ¥y R W RS AEE, Fy AR R #ROK, R
FLURE K . HVOF-A386-2.5 1111 B-NiAl 7 2 %
=, 1 HVOF-9624 H i B-NiAl % fE e ik (£ 2) .
APS-nYSZ JZ 1 nYSZ X /N T 30% (& 1(a-1)~
(c-1)), #£ mYSZ DX 5 th 77 7 /b 2 FL B Fn 24 80k
By Ak 3% 224K, S mYSZ/mYSZ 5t (& 1(a-2) ~
(c-2))s

104~ 1 h #PEHR 5 TGO 28 &, WK 2, 1%
S ALOs, (AR Cr05 (Ni, Co) (AL Cr),04
FINIO(CSN)TRA FA AR (K 2(a-2) ~(c-2) ).

T£ HVOF-D4700 1 JE WL (AR & A AL P B0 W
% T HVOF-A9624 Fl HVOF-A386-2.5 3 [fii, iX /2
[X 2 HVOF-D4700 H1 i Al & B4, 54 F) TIE
BUR G E ) . KR A A ROk, RUE
i1 2 B T APS-nYSZ/HVOF-MCrAlY %t i Ab 1y
MCrAlY 3R> ALTIE B, 1 E# R 85 o R
Cr F1 Ni §" # % 1t ALO5-TGO T 2E i . mYSZ/
mYSZ fll mYSZ/nYSZ %t 1 I 4f & 4 JF 2L 3 75
APS-nYSZ JZHIE A 40, 5 R i, Jmy 3 DX I
APS-nYSZ/HVOF-MCrAlY F 1 i FF 4 & 1l 24 2¢
(Bl 2(a-2)~(e-2))s

B % PAGHR A PEFT, APS-nYSZ H ()X Be 2l £
I TGO A=Kk s sk B Y RS 651, 3
s K (K 3) . BRiERIFAT T APS-nYSZ/
HVOF-MCrAlY F 1 i) 2 80 2 Ah, A7 7E — 2k
mYSZ/nYSZ FHHFETIERS APS-nYSZ/HVOF-
MCrAlY FH1 AN [R) A R R 2, i gl T — 2k
JRTRAY S L M 2%, A CSN IR A E AL Y AR ikt

#£ 2 HEISPUNIEE HVOF-MCrAlY )2 B4k ik A 13 RS B

Table 2 Chemical compositions and surface roughness of HVOF-MCrALY coatings after vacuum heat treatment

Bond Coat Mass fraction/% Volume fraction R, /um
Ni Co Cr Al Y Hf Si of B-NiAl/%

HVOF-D4700  31.73+0.44 Bal. 21.59+0.20 7.59+0.15  0.35+0.15 39.41+£6.46 9.03+1.94

HVOF-A9624  Bal. 20.88+0.47 9.30+0.52  0.41+0.19 30.80+6.23 8.63+1.79

HVOF-A386-2.5 Bal. 17.7540.72 15.25+0.55 10.44 £0.27 0.57+0.27 0.14+0.25 0.39+0.07 68.29+4.19 9.46+1.47
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Fig. 2 Crack nucleation via mYSZ/nYSZ and mYSZ/mYSZ interface separation after 10 times 1 h cycle at 1150 C
(a)HVOF-D4700+APS-nYSZ; (b)HVOF-A9624+APS-nYSZ; (¢ )JHVOF-A386-2.5+APS-nYSZ
(1)low magnification; (2 )enlarged area
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Fig.3 Crack propagation via mYSZ/nYSZ and mYSZ/mYSZ interface separation after 100 times 1 h cycle at 1150 °C
(a)HVOF- D4700+APS-nYSZ; (b)HVOF-A9624+APS-nYSZ; (¢ )HVOF-A386-2.5+APS-nYSZ
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Fig. 4 Cracks originated from the APS-nYSZ surface and crack propagation in the YSZ near the APS-nYSZ/HVOF-MCrAlY
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Fig. 5 TBCs failed via crack propagation and coalescence in the APS-nYSZ near the APS-nYSZ/HVOF-MCrAlY interface
(a)HVOF-D4700+APS-nYSZ; (b)HVOF-A9624+APS-nYSZ; (¢ )HVOF-A386-2.5+APS-nYSZ
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