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Influence of Al content on thermal cycling behavior of HVOF-NiCrAlY+APS-
nYSZ thermal barrier coatings
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Abstract: NiCrAlY is a commonly used metallic bond coat material for thermal barrier coating in gas turbines. This study
investigates the effect of two NiCrAlY powders with different aluminum contents for gas turbine fabrication on the thermal cycling
behavior of HVOF-NiCrAlY+APS-nanostructured YSZ (nYSZ) thermal barrier coatings (TBCs) within the temperature range from
room temperature to 1150 °C. The results show that the growth rate of the Al,O; thermally grown oxide (TGO) on the surface of
HVOF-Ni25Cr5A10.5Y is lower than that of HVOF-Ni22Cr10Al1Y. Similar to the microstructured YSZ (mYSZ)/mYSZ interface,
the nYSZ/mYSZ interface can also act as a crack initiation site, leading to the formation of a local crack network in the nYSZ layer.
The failure mechanism of two HVOF-NiCrAlY+APS-nYSZ TBCs is consistent with that of the traditional APS/HVOF-MCrAlY
(M=Ni and Co)+APS-mYSZ system, which is mainly attributed to the propagation and coalescence of cracks in the nYSZ layer
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adjacent to the HVOF-NiCrAlY/APS-nYSZ interface. The thermal cycling lifetime of the Ni25Cr5Al0.5Y+APS-nYSZ coating is

slightly longer than that of the Ni22Cr10A11 Y+APS-nYSZ coating. Meanwhile, it can effectively improve the thermal cycling life of

HVOF-MCrAlY+APS-YSZ TBCs to increase the bonding strength of the YSZ/YSZ interface in the APS-YSZ layer and avoid

cracking at the YSZ/YSZ interface and the outer surface of the APS-YSZ.

Key words: gas turbine; thermal barrier coating; HVOF-NiCrAlY; Al content; APS-nYSZ; thermal cycling behavior
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Table 1

K X P Bl NiCrAlY AF 6 45 )2 19 J4 B 0 2
AT NI RIE M R 22 0L T HL, B AT AL
3 R APS-NiCrAlY 7 A b7 7R £ 5 {1 HVOF-
NiCrAlY £ ARFRUEA UL . H T Ni24.5Cr6A10.4Y
1) AL S EIEFEAL, B KSR LR ) BAR A K
Ni22Cr10AI1Y . A T A i 53 7 % A [A] AL
i+ NiCrAlY 1l % HVOF-NiCrAlY + APS-4) K &%
15 YSZ(nanostructured YSZ, nYSZ ) $ & 14 )2 i 4
PEFRAT H, BT NiCrAlY mf Al & =X P i 2
P K AW (thermally grown oxide, TGO ) 4= KA T
R BB JRAT A DL B AE IR A (R R
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A B 5% AfH 0 B v 2 R B AT — )2 %
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NiCrAlY BiAR e i 7 8090 ) FUTR: RS

Chemical composition (mass fraction/%) and particle size of NiCrAlY powders

Chemical composition

Powder Manufacturer and product Particle size/um
Cr Al Y Ni

Ni22Cr10AIlY OM Amdry 9624 21.0-23.0 9.0-11.0 0.8-1.2 Bal. 11-37

Ni25Cr5A10.5Y IMR TS-02B 24.0-26.0 4.0-6.0 0.3-0.7 Bal. 20-45
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Fig. 1

Morphologies of HVOF-NiCrAlY+APS-nYSZ TBCs after vacuum heat treatment

(a) Ni22Cr10Al1Y; (b) local magnifica-

tion in Fig. (a) ; (¢) Ni25Cr5A10.5Y; (d) local magnification in Fig. (c)

#*2

Has LB HVOF-NICrAlY 254524k 1y (B 2050/ % ) T e HLRS B2

Table 2 Chemical composition (mass fraction/%) and surface roughness of HVOF-NiCrAlY bond coatings after
vacuum heat treatment

Chemical composition

Bond coating - B-NiAl/% R,/um

Cr Al Y Ni
Ni22Cr10A11Y 20.88 £0.47 9.30+£0.52 0.41£0.19 Bal. 30.80 £6.23 8.63+£1.79
Ni25Cr5A10.5Y 25.37+0.27 5.65+0.19 0.40+0.15 Bal. 0 9.42+1.34

(Cr, Al),05 + Ni(Cr, Al),O,(chromia+spinel, CS) {&
HEAAY (B 6), MiELEUFER ALO;-TGO I i
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WEAIS 28 MCrALY 1T JH i A 0 v B A 4, 1
ALO; BB A0 T, i ALOS R 5 25 5 I 1
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PG L FE P Cr A0 Ni JF AN B2 T ALO;-
TGO 4 Y, BB}, R4 HVOF-Ni22Cr10A11 Y+
APS-nYSZ H1 ALO;-TGO T 22515 | s 8 & & A=
FR(E 7(2) ), AR MEL S Ni22Cr10AIY kA
“ApELAL” B4, T ALO;-TGO/Ni25Cr5A10.5Y
S CSIRGE A B2 (K 7(b) ).

i F mYSZnYSZ. mYSZ/mYSZ, HVOF-
NiCrAlY/APS-nYSZ FHii 249 i iy 2440 U K b fi
MRSy RS G, WARERZEY THE
HVOF-NiCrAlY/APS-nYSZ # 1 #Y nYSZ = (& 8)
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PR AR O Rt 8T e
5 —U6R ] APS-nYSZ 1) #4 e 1k J2 78 b s SR 58
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Fig. 2 Morphologies of HVOF-NiCrAlY+APS-nYSZ TBCs after 10 thermal cycles

(a) Ni22Cr10Al11Y; (b) local magnification

in Fig. (a) ; (c) Ni25Cr5A10.5Y; (d) local magnification in Fig. (c)

Cracks

\

Ni22€ril OAITY:
100 um:

Ni25Cr5A10:5Y/
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Fig. 3 Morphologies of HVOF-NiCrAlY+APS-nYSZ TBCs after 100 thermal cycles
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Fig. 4 Morphologies of CSN mixed oxides in HVOF-Ni22Cr10Al1Y+APS-nYSZ (local magnification in Fig.3 (a) ) (a) ,
O (b), Zr(c), Al (d), Cr (e), and Ni(f) element EDS mapping
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Fig. 5 Morphologies of CSN mixed oxides in HVOF- Ni25Cr5A10.5Y+APS-nYSZ (local magnification in Fig.3 (b)) (a) ,
O (b), Zr (), Al (d), Cr (e), and Ni (f) element EDS mapping
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Fig. 6 Morphologies of CS mixed oxides formed at
TGO/Ni25Cr5Al10.5Y interface after 100 thermal cycles
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