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Interface failure analysis of thermal barrier coatings

under CMAS penetration
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Abstract: Influences of different calcium, mmagnesium, aluminum, silicon and other ox-
ides (CMAS )\penetration depths under the-influences of temperature gradients and the influences
of the interface roughness\on the interface temperature distribution under CMAS penetration were
considered based an the influences of penetration on the properties of the ceramic layer of the ther-
mal barrier ¢oating { TC). The influences of thermally growth oxide (TGO) thickness and interfa-
cial stress behavior were also studied. The results showed that the penetration of CMAS in-
ereased the thermal conductivity of the ceramic layer, which further increased the interface tem-
perature, the thickness of TGO, and also made the stress state of the interface more serious.
The increase of the interface roughness led to an increase in the temperature difference between the
peaks and valleys of the interface, the uneven growth of the interface TGO, and finally caused the

change of the stress distribution of the interface.

Y %5 B # : 2020-09-05

BESTH EKAARFE4m 5 H(51875341)

TEB R ook 7 L1996 — ), B3, 8 - A, F2 BRI 5T 7 1) o BB 04 2 8 48 A

BASEE (SR (1992 ), 53 15 , SR B S 7 1 Oy 105 10 0 0 3 2 10 3 3 s B S e A0 8 04 J2 110 5 i o

E-mail : xiaoyezhul992@sjtu. edu. cn

SIARER sk T B E A, B, 5 CMAS B & T 3R R 2 Sl o i [ T]. i as 3 )02 4, 2021, 36(8) : 1702-1711. ZHANG
Zifan,HAN Yandong, WANG Weizhe, et al. Interface failure analysis of thermal barrier coatings under CMAS penetration[ ] ].
Journal of Aerospace Power,2021,36(8):1702-1711.



KT ILEE :CMAS B T #2011 26 2000 7 1703

Key words: thermal barrier coating; calcium, magnesium, aluminum, silicon and other

oxides; coating modification; thermally growth oxide; interface strength

PEVRJZ (TBC) & —Fh S 3 R BUIL A2 M
Gr ) 2 25 A RORE, R AR TR AR A 3R A A
Bidr 2. EERZEFEAERZ(TC) g2
(BC) AR (Sub) MFe & J2 /545 )2 R 1 #E K R
P (TGO)JZH M. 1E R — R E R ZE
RAEE TR AR R Z (APS-TBC) K 2 H
AAR T AR R B A2 R sl B AR T 2
;Y RS R S HLs ik A, A Soh
BB B R S AL W (CMAS) £t E 78 TBC %18 .
MR )2 R B TR B IR B CMAS B9 8 A5 B
(1523 K),CMAS UL W) 2 kB wl, i T 3K
o0 R A 2 B BRI B AN, CMAS &% #18 A
B 2 Y, CMAS 3 3% iF A B & 2 i £LBR
J& 45 F BT C 2R 72 1 g R B HE g o AR
IXA] BE 2 MR AT R AR i 1 TR, Wu
VTR T 40t S h b S 5 JE CMAS B & i
I VA 22 A A T 17 451 4 L BE (SEMD) 1%, Kramet
U R BT 7E CMASHE S T, Ak 7= 248 T
A8, XA 1(a) 5 BIHh) /] LLE %t
8 h iy P AT 5 TE CMASHE 7 Y #1251 ok
SR B T CMAS B35 (s 2 R T
ZIRZ A IR A, H TCOUZE 1Y 1 J5 i HHE

FEA % & CMAS 15 1 L 8 A U 2
FEAr BT A I RDRSEE A T GOZE K% #peie
J2 BT BREE R SO o 4 SRR W, AL T T A R
£ ¥ A T I8 0 A I A A 7 s T B b, HL AL T
ESNOR Rl NS N TR ol OB VAP & [ R L N
TGO A KA L3 3G K I N Ty, 36 25 2l 28 1y )
B b XY A At I CMAS ¥ 35 i i 52
20, CMAS B35 i A B % )2 v 09 FL IS K 1
TR b B TP e 2 AR I R R BT T I
w1, TGO AR TR, #E— 25 {15 25 8 5 1f 2 1 kL
B R S TE N RS fE KB e Ak
CMAS 18 1% 23t 728 TC JZ Y 3P4 A B ik
B0, DR HE— 25 R RS P A BRI
T O — S ST AT CMAS 2 3% X 5 1 58
BEWY 5 WA, Zhang B8 T CMAS 8 3% I8 B %
TC P9 LA Bz 518 1 5% ), 220 W 1 A T 2 T HLRE
B, SuZEVARHT T CMAS B35 5 10 2 3Pk B i
{14 5 A5 o KRS S35 8T R 9 47 A 1) 5 T, TG 22 T AR
P BE AR X6 B T A R

AR KT CMAS B 15 X IR J2 1 28 1 8 A
PERE R el A A BR T S T CMAS
Bl FABIREN AR, Hoh EEEIET &
TR REL AR 32 4% 22 ON AT O B8 6 BB I CMAS 98 38 TR ¥
TR 5 1T 2 THDRE RS B 6T S TR B A A TGO AN 4]
AR AT S

1 CMASEETHIEREGRITER

1.1 JU#EBFnih R &G

AR SCAE A BR IC A Abaqus T i 7 T B R
J2 0 YR B B AT SR B2 TR o A
A JE 4 0.3 mm Ay TCJZE .0.001 mm [ TGO 2 .
0.18 mat ) BC JZ LI 3 mm (9 Sub J2 4 il % B
FEm TGOMIE TR 75 & Alcos [(2n/4)/x NA4S
SE A, Horh il K 28 A 0.08 mm, 38 i 2 AR
1B A K 4 ST 1) 2 T AR o, B 4 R 2
B o, NS ZRE LR RZEEE oo N
TGO B R EHTEA R CMAS B9 G 52 0
B, L TGO Bt i 200 RS (19 i (5 A=5 pm N
S TC AR 47 B IBE KRB EMW 4, IF 8
1 AR B 3 XTI (p) K R AE CMAS B B
BT ASCh CMAS B B 43 3 0 mm (p=
®),0.1 mm(p=1/31),0.2 mm(p=2/3t),0.3 mm
(p=3/3t) . 75 J& ML 19 52 mi 15, L CMAS
TARBEWE)ZBBEWREHR 0.3 mm) KA, &
B E A 5.10.15 pm = FAF AT 430 . AT
DB R RS ) T S A O 5 1) g RS A I

BT B AR S bR R A, LR IR E T
CMAS #5258 (1 523 KA ) , [Rl B  RAEFE 58K
HURERR . AL EE ST Jiang, Wang 57
FE VR 2 52 6 T B A A0 v (5 1 L 3 i AR
mE 2Ca) (& 2(d) s, 76 iR By B & iR B3
1561 K(H CMAS# ), TR E N
800 K, JHIL I E] 9 0.15 h; Ba 25z 47 k] &y 5 h,
I By B BLRE 5 R R IR R A 2 00 0 AR K A
TGO WA K., WHI LT REHEERNEHR
298 K, ¥ EIF ] 4 0.3 ho b R AE A W i 3 4%
A, G ASS Uy T ) T e i 22 15 249 R (MIPC) o SR IE
HAT e Jrim) Eiy—2vk . e 29 ) B A T
P, AR E T BB E

WE 2(c) fr s , R AR E AR U J2 3 T 4k 1) 1



1704 it o= 3 {1 5% 36 &

g

(a) LCMASB B R 2

7 Level iii
Level ii

e

() CMASIZE IR ZIT R
P12 A R SEMUEAS R
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Table 1 Material parameters of each layer of thermal barrier coating

IR 2 )2 S5 T/K E/GPa v a/(107°/K) A/(W/(mK)) ¢/(J/(kg'K)) p/(kg/m*) o/MPa
298.15 17.5 0.2 9.68 0.88 475 4 084

T CMASB#ETC 1073.15 9.88
1273.15 12.4 10. 34
298.15 18.9 0.2 9.06 2.09 513 4 800
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298.15 220 0.3 10.3 4.3 501 7 320 17100
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Table 2 Material creep parameters of each layer

LY T/K B/(s 'MPa ") n
TCJ)Z 1 000 1.8X10 "~1.8x10"° 1
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Fig.3 Temperature distribution of interface TGO at

different CMAS penetration depths
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Fig.4 Non-homogeneous growth of TGO peaks and
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