20254F 4545 % mi o= M OB % K 2025, Vol. 45
FAW H45-55T JOURNAL OF AERONAUTICAL MATERIALS No.4 pp.45-55

SIS wilE, MIng, S, 5. A - IR 2 BER T 20 R PTIAGRIERE AT (1], s B1RL 4, 2025, 45(4):
45-55.
YUAN Xujiong, HAO Yaming, HU Yue, et al. Process parameter optimization and thermal shock resistance performance
analysis of Al,05-SiC coating[J]. Journal of Aeronautical Materials, 2025, 45(4): 45-55.

AU m-RUEREBIR I ZMUR
PR ERE S AT

FHE, ME, ¥ OB, TEE, HWE I %,
ZEW, T

CPERUA AL SO ZE FERHITTE B BBy bt B AT 90038, b et 100095)

?ﬁ% FRABGR IR T2 S50 ALO,-SiC B2 TEREM 2, SR IEAS Lk iR T. 2340, @ “Big T.2-
HAGE-E5 AR SHUAERIERR Y MO, S5 RRL: MELR IR | 0k 8 K Wik BE B X R SR WA A T W 2 R

W, (R U T S 4 AR B PR E R R, YWERTIZEN 47 kW 3£ 836 30%  BREE RS 110 mm B, WR2E5 AR
H 9 (10.51 MPa), FLBRZE AR (34.35% ) . PUESLYGR, WJZFE 900 °C F1 1000 C FIHFF 200 K5 A K LEME,

WABRSAE s (H 23R T2 1100 °C A1 1200 °(, A, SiC &4 Ak, B2 NFA AL Si. C. Si0,. AlSi,O,5 4 FiHiAH,

E’Fﬁﬁt);lklﬁw‘ﬁ%f/\&ﬂftkﬂ%%(thermally grown oxide, TGO ) 24 A, 1RZ AW FE I T P %

B S5EE B RIS R BUETT . TGO J2 5ok 53 B B N TR A8 e,

KRIF: ALO5-SIC IR)Z; SR TWilk; 45 5 ; IR0 525 PLiEMERE; TGO 2

doi: 10.11868/j.issn.1005-5053.2025.000055

& 425 : TB34; V259 XRAFRIAAD: A X EHE: 1005-5053(2025)04-0045-11

Process parameter optimization and thermal shock resistance
performance analysis of Al,O;-SiC coating

YUAN Xujiong, HAO Yaming, HU Yue, WANG Zhiyong*, HE Lihua,
WANG Feng, LI Guopeng, WANG Yibo

(Key Laboratory of Stealth Material, AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: To study the effect of spraying process parameters on the performance of Al,O5-SiC coatings, orthogonal tests are carried
out to optimize the spraying process parameters, and the relationship between “spraying process- structure- bonding strength and
thermal shock resistance” is established. The results show that the spraying power, powder feeding rate and spraying distance have
no effect on the type of phases within the coating but significantly impact the coating quality and bonding strength. When the
spraying power is 47 kW, the powder feeding rate is 30%, and the spraying distance is 110 mm, the coating bonding strength is the
highest (10.51 MPa) and the porosity is the lowest(34.35% ). Thermal shock tests show that the coating does not fall off after 200
cycles at 900 °C and 1000 °C, and the phases do not change. However, as the temperature is increased to 1100 °C and 1200 °C,
partial oxidative decomposition of SiC within the coating occurs, generating Si, C, SiO, and AlsSi,O,3, thus leading to coating
peeling off due to the accumulation of thermal stress and the thickening of the thermally grown oxide (TGO) layer. The coating
failure mechanism mainly originates from the thermal expansion coefficient mismatch between the ceramic layer and the bonding

layer, the abnormal grain coarsening of the TGO layer, and the internal crack extension.
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Table 1  Physical properties of powders
Powder D;o/um Dsp/um Dyy/um Apparent density/(g + cm ) Fluidity/(s - 50 g ')
NiCoCrAlY 51.235 67.52 82.37 3.68 19.2
Al,05-SiC 30.27 41.20 56.45 0.88 61.5
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Fig. 1 Micro morphology of powders
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Table 2 Bond coat spraying parameters

Plasma spray Primary gas flow/ Secondary gas flow/ Carrier gas flow/ Powder feed Spraying
power/kW (L-min") (L+min") (L+min") rate/% distance/mm
37 50 9 3 11 140

Table 3 Ceramic coat spraying parameters

Parameter ~ Plasmaspray = Power feed Spraying
group power/kW rate/% distance/mm
1 47 10 100

2 47 30 110

3 47 20 120

4 42 30 100

5 42 20 110

6 42 10 120

7 37 20 100

8 37 10 110

9 37 30 120
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Table 4 Bonding strength and porosity of coatings prepared
with different thermal spray parameters

Thermal spray Bonding strength/ Porosity/
parameter MPa %

1 8.07 39.67
2 10.51 34.35
3 9.52 37.14
4 7.82 41.63
5 7.59 43.82
6 6.31 45.05
7 5.24 45.54
8 4.97 46.73
9 5.83 44.79

K5 BRSO A G SRR T 22007 (6=0.05)
Table 5 Analysis of variance (ANOVA) for spraying para-
meters on bonding strength(¢=0.05)

Source Sum of square df F-value P-value
Plasma spray power  58.32 2 287 0.001
Power feed rate 12.45 2 6.1 0.023
Spraying distance 2.18 2 1.1 0.372
Plasma spray power x ¢ /¢ 4 22 0142
power feed rate

Error 10.21 8
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Fig. 2 Scatter plot of coating porosity versus bonding strength
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Fig. 3 Fracture surfaces of coatings prepared with different spraying process parameters after bond strength testing
(a)1; (b)2; (¢)3; (d)4; (e)5; (£)6; (g)7; (h)8; (i)9
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Fig. 4 Microstructural cross-sectional morphologies of coatings prepared with different spraying process parameters
(a)1; (b)2; (¢)3; (d)4; (e)5; (£)6; (g)7; (h)8; (i)9



50 it = M

P 5545 3%

I, WU T 3R 04 A 3 BUA T K (BT B, Sflif
KA AT R PR AR TR A 1L, XA S8 2 Rtk
AR WA 5 ks, A A & FLEBR S R 80y 4k
W, A RBORZEARERAL, 455k 49
Xof IOE 2 B4 0 45 A i B R FL B A )
Ho MHZT, F 4(a)~ (d)iaURE Y B 28 2 K H B
BUEE MR ) 2, (A7 AR i LR S e 8, LB
KL E 34.35%~41.63%, /HTEME, RGBS
1% (47 kW) B E T T ALO; MR IE LR, A
T+ SiC WA S, S5 B T AT S A 2 LA
i H 5 Ak, ARMEHY SiC WUk e TR AR vh R HE
)53 A0 BURFRFLBR R R . (AR RN, S5
4 FERARIIRAAE R, 3B $RE T 26 M R T
UKL TR Bl 1 2Rk, SR T ORI IR S 45 A
AN T 5 RSN IE AR, AL B A
RYPRSHA TR, W RGN A SEH & 1
W EOWIE S Kk I, B8 2(BHATIR N 47 kW, 1%
N 30%, AR N 110 mm) §l 4 1 P &2 R
B e LS I A LSS R R, EAR RN : il
LU 2R T, FLPRR IR AR (34.35% ), RJE Wt
W f /b HL25 4 00 B e (10.51 MPa) o X — 25 SRIE
S L TS E A T A SR T VR 2 o gl
S, HAR FHHLH] =BT R TR Kk M R
Iﬁwﬁﬁ:[zo]o

AlLO;-SiC ¥y oK X 4 it 5 B 1% an 1] 5 s
FZH a-ALO;. SiC R AHAL K . AFRImER T
EBER R TRIEN X SHEATS RS E 6 BR, 4>
BrAT 9 R LR T2 S50 £ 1 1Rk )2 R W AH —
2, Uk B S0 A8 fb I A 28 Wb RE Y AH AR 1 B 5%
5 B ALOS-SIC M A A L, P & 2407 5 0 v
LT R RARS v-ALO; WA, SR T y-ALO,
TE R RE 2R AR, EMTR TR ALO;-SIC My K&

Kl 7

+ a-Al,O, * SiC

Intensity

10 20 30 40 50 60 70 80 90
20/(°)
K5 ALO;-SiC BiA Ry X St
Fig. 5 X-ray diffraction pattern of Al,05-SiC powders
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Fig. 7 Surface morphology of coatings before and after thermal shock testing
(a)before thermal shock; (b)900 °C; (¢)1000 °C; (d)1100 °C; (e)1200 °C
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Table 6 Residual stress in the coating under different thermal
shock temperatures

Temperature/ °C Residual stress/MPa
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Fig. 8 X-ray diffraction patterns of the coatings before and
after thermal shock testing
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Fig. 9 Microstructural cross-sectional morphologies of coatings after thermal shock testing
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Fig. 10 Cross-sectional morphologies and elemental mapping of coatings after thermal shock testing
(2)900 °C; (b)1000 °C; (¢)1100 °C; (d)1200 °C
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Table 7 TGO layer thickness after thermal shock testing at
different temperatures

Temperature/ °C Layer thickness/pum
900 0.76+0.02

1000 0.90+0.05

1100 1.50+0.15

1200 4.35+0.53
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A A, B ALOS-SIC I3 JZ B % M B E 1w,
FLBR R 2 34.35%, 25435 10.51 MPa.
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