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Abstract: Environmental barrier coatings ( EBCs) are crucial for the application of silicon carbide fiber-reinforced silicon
carbide ceramic matrix composites ( SiC;/SiC CMCs) in hot end components of aircraft engines. However, during the coating
preparation process, it is difficult to avoid surface cracks and pores, which become rapid diffusion channel for corrosive
media such as water and oxygen in the engine environment. Therefore, preparing densified EBCs is the key to improve SiC,/
SiC CMCs corrosion resistance. Additionally, to ensure durability under cycling conditions with the high and low temperature
changes, distinguished thermal cycling resistance is essential for EBCs. This study used the method of aluminum-infiltration
to obtain densified EBCs, and investigated the structural evolution of the coating under 1050 °C ~ room temperature thermal
cycling, revealing the influence mechanism of densification treatment on the thermal cycling resistance of the coating. The
results indicated that the aluminum-infiltration-densified method eliminated the surface exposed pores of the sprayed EBCs
and formed an in-situ reaction layer of ytterbium aluminum garnet ( YbAG) on the surface. During the thermal cycling
process, the internal stress of the sprayed EBCs gradually accumulated, resulting in an increase in the number of vertical

cracks and a decrease in crack spacing. The heat treatment
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and no new or extended cracks were observed during the
thermal cycling. Therefore, this study provides experiment
DOI: 10.7502/j. issn. 1674-3962. 202409005 data support for the preparation of thermal cycling resistant
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aluminum-infiltration-densified EBCs.
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Table 1 Parameters of APS spraying for each layer of EBCs
Parameters Si Mullite YbMS
Power/W 32 42 42
Plasma gas flow (Ar/H,)
45/3 5/1 45/9
/SLPM
Powder feedi s flow(N,)/
owder feeding gas flow(N, ) e . e
SLPM
Powder feeder speed/(r +min™") 3.0 3.0 3.0
Spray line spacing/mm 3.0 3.0 3.0
Torch traverse speed/
. 600 600 600
(mm-+s™")
Spray distance/mm 80 80 80
Preheating temperature of
~150 ~150 ~150

substrate/°C
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Fig. 1 Temperature change curve of the thermal cycling
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Fig. 2 XRD patterns of conventional sprayed and densified EBCs
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Fig.3 Surface morphology of coating: (a, b) conventional sprayed
EBCs, (c, d) densified EBCs
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Fig. 6 Phase evolution of densified EBCs during thermal cycling
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Fig. 10 Crack spacing distributions of conventional sprayed EBCs after

different thermal cycles
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Fig. 11  Crack spacing distributions of densified EBCs after different

thermal cycles
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Fig. 14 Growth kinetic curves of Si0,-TGO in conventional sprayed and

densified EBCs during thermal cycling
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2 HIR)ZE EDS TR S AR, B 15 IR K 64 X 8
(L1 FIRL 4) TCE BT B Yb <Sioc0 B3 2:1:5, ik
YbMS #; BRI (A 2 A 5) AITCE B HLFl Yb 0
3 1:1.5, N Yb,0, A, X 5K 2 /Y XRD ik 4%
F—3, ZHEBEUR IS | EBCs 2 MIE MUH
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12, 4 YbAG #, i#t—ESE TR AL LS Al 5 YBMS
KAEJENL RN, FE EBCs R M T YbAG 2,

10 pm

Pl 15 H L EBCs(a) MIBUE L EBCs(b) Fifl B H0E 5
Fig. 15  Micromorphology of surface layer of conventional sprayed (a)
and densified (b) EBCs
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F2 B 15 BFRIEEM EDS TR
Table 2 EDS analysis result of points marked in Fig. 15 (at%)

Point Yb Al 0] Si
1 25.4 — 60.3 14.3
2 34.2 — 65.8 —
3 16.0 32.0 52.0 —
4 29.0 — 56.0 15.0
5 46.0 — 54.0 —

EBCs 24 AW B RES RN 2 3 Bk, 7E1%
PN R B SiC BRI ZRAEATT, YbMS Fl YBAG AT
FLHUIRES, MEREBIERIZNN I EP B, VR, ER
TEA L B, EBCs MZ MR AL N A7 AT = (1)
EP

FEAa

o= AT (1)
1-v

2o, E—géﬁ*ﬁi, Pa; T—iEE, K; a— I Ik &
o, K5 o—IAMH, TR,
£3 HRKRMEEESY

Table 3 Thermophysical performance parameters of materi-
aISUO, 31]
CTE(a)/ Elastic modulus Poisson’s ratio
(x107°K™) (E)/GPa (v)
YbMS 7.2 158 0.27
YbAG 7.5 257 0.24
SiC,/SiC 4.67 430 0.14

KR 3 ATy P AERES BGOSR, YDMS THZ
IIRBCN IME N 548 GPa, (EIEIRSRES, WRIZANLT]
R, ROURTE M R AL, B L Rrs B,
ZHH BT IY U LR W AR TR R, 2P A
WD B ZF AL

ZIIEBMBURALS, R YDAG )2, HK
BCRLFIE N 957 GPa, AT UL, 7E YbAG J= i ik Bl i 4
T, WERARL B IR A R P T 2 LB, B
HAL EBCs P 119 155 13 3 7 - fil A 24 40 2 v 7 78 R i 36
FRIE AT S, SRR 1) S A B P PR AR
LA AR B AR B R T RS EBCs PR
P LB, (EECE UL S B B R BE N ) 5 S R A AR AR
N R, AERIZE NN KPR R T 2 U, ERE
WP ERT IR 2L, AR T IRIZ I ECRE

P, BRI IR A EBCs IERA N 17K, i
B EeE AL B, A M T TR Z S esc) . W
I, ARACKFHE— L IF TR A IR 2 168 O AR BER T ik

MBTTE, % S0 (iR 2 1E B i B T B RR R PERE,
(R S U B ke S P U A R R E I AT EE ANV RE I

4 & it

(1) SRJURAET B T Wi HORBER PR EE BRI )2 (envi-
ronmental barrier coatings, EBCs)idF2H, T EBCs 5%
AN RETIONTIE WK 1 2 i L B AL IR, &b i i
WP, B RE ABIRSRMIALEE, LW T wRE
EBCs MEU% L,

() ERIEFR IR, BHRZS EBCs YhIn) RLE &
Wi 2, MOUABERECDN, H2IEH 200 R, Shin L
FRIEEEAAAE

(3) B AL EBCs TERY B I P BRIN IR 180 Jo] 39 A1 1Y
I L, FGCECE )R 5 N T 58 4R TR
& EBCs L, TEAAEI R P ] REURAE A A

(HTEREIR SRS, W BIRS EBCs MG B EUR
1t EBCs 9 Si0,-TGO IR¥Z M 5 , £F & e A KM
H#, TGO EKBAIF LM W 2R, FEHKT - HMWIY
W SRR — B, IR SioRG S5 )2 1Y BUE A R
eI

) B RBURL)G, WERIZ AL BT mkE A
YbAG B2, T2 ISR 7 BEE T  ( 5  BLEvR
SWFREE T 2500 F, 75280 A2 BE R AR
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