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BORZ RN EE A 2 IR J2 0 rh 20 Ak e 1 ) 2 —,

FT BIR  ARSCEEIERE T AR TAE . 2T M 7 B 45 ( scanning electron microscope,
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FROTHEAY B T2 [ AL RUN 1Y Fick gt S AR IX S5 N AR A E R IT R T P 3ot 1
P IR TBUEARL, 753 T TGO M KA L & TC-TGO A Al BC-TGO FL i BN 1137
R TSRO KNS TCO Az K HYZ M 45 R R W], A F B AN TGO B S A K %
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(a) The micro-CT picture of TBC (b) The SEM image-based reconstruction model
B ST IEMR B R e 4
Fig. 1 The image-based reconstruction model
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Fig. 2 The geometry boundary and load conditions
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Table 1 The temperature-dependent mechanics parameters

gyl Bct TGO
substrate ¢
T/C 107 1075« 10% o, [
E/GPa v E/GPa v g, /MPa  E/GPa v ’ 1078 /C™!
/¢! /¢! /C™" /MPa
20 48 01 97 200 03 123 426 400  0.23 8 10 12
200 47 01 98 190 0.3 132 412 390 023 8.2 10 -
400 4 01 99 175 031 142 396 380 0.24 8.4 10 -
600 40 011 99 160 0.31 15.2 362 370 0.24 8.7 10 -
800 3 011 10 145 032 163 284 355 0.25 9 10 16
1 000 26 0.12  10.1 120 033 17.2 202 325 025 93 1 -
1 100 22 0.2 10.1 110 033 177 114 330 025 9.5 1 -

=W, E 535k TC A BC A1 . TGO A P& ; R HE, v S Poisson (JAFA) Eb, o M
fik 255,
F2 PHAKSH

Table 2 The diffusion and oxidation parameters

parameter value
oxygen diffusion in TC Dye /(m?/s) o
oxygen diffusion in micro-defects D, ierodefioers 7 (M2/8) o
oxygen diffusion in BC!') Dy /(m*/s) 3.5x107
oxygen diffusion in TGO 6! Digo /( m*/s) 3.5x107"
reference value for oxidation reaction v /(m*/(mol-s)) 1.25x107*
A/ (mol/m?) 1] 0.24x10°

4 R e

FEY H-SE AL R RIS (1) v, A€ AR FEEMRBURL. N 5 28 RSN, B R i R B | AR S0 322
HEAT T LA W7 T EUE T

1) ZE( AREIE) EALON S TGO A K AR DL R 4 2 i TC-TGO FLif
F1 BC-TGO FHm 1 J1 4.

2) IR AT R A, B EHABER)Z P TC-TGO U1k iR o B b E b vt
KA Ak, AT ARAT AR ASON B RN TGO A 2 i LA

WE 1 Fiar TBC FrEHE RN % 5E TC-TGO Fiim L5 MiBE M a,b,c,d,e 535
HUREA S 0.16,0.2,0.24,0.4,0.6 F1 0.8, i34 AR [A] Be N & 45 TGO JRFE Y2 fk.
41 ETY 8-S ERNEEENER
4.1.1 TGO #9 A ¥ Ak

1) A% EEB TCO By K KA

B () PR RECA = 0, BRI AN 5B I ELUE A A A K iy ad /&, 51 A
TR R FHE ¢, AR BE(E K T 555 T Il SHEL T A A B BCAH B B 4R
AR BFAR I T, LS [F) B S BE (R TGO AR K IR | Yl BRI ¢, = 0.002 I, 3t
LSS R 53R 20 ] 9 SE B B AR ) &, WA 3 TR,

I, 2R H ¢, = 0.002, THEAE AN BT &R T TBC 1 TGO MAE K 455 & 4 (a)
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Fs T VR B A et B b TGO IS K IR A,
5.07 —a— simulation

7 —&— experiment
4.0 1
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time 7/h
B3 i Ak R oA BROCEE BN S50 75 TGO JEFE B 8] A2 Ak 1Y Lo 3%
Fig. 3 Comparison of the oxide thickness vs. oxidation time between

experimental data and FE simulation results
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(a) The oxidation process without oxidation effect (b) The oxidation process with oxidation diffusion

B 4 TBC A bl A
Fig. 4 The simulation of oxidation process in the thermal barrier coating
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4.1.2 TC-TGO F%& F= BC-TGO K& 8 5 /1 %

H T TC-TGO #1 BC-TGO I |1 J7 &7 A 4 - 3Rl 2 R Ry I K 2 — | AL
X BB BV x, T oy, NS5,

1) B (1225 °C) %Ak 200 h i R 2R S350 156
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B 5 1225 CH oy sk

Fig. 5 Contours plots of stress component o », along axis x, at the temperature of 1 225 °C
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(a) Stress 0 ,, along the TC-TGO interface (b) Stress 05, along the BC-TGO interface

6 1225 CHIRI oy, NI

Fig. 6  Stress 0,, along the interface at the temperature of 1 225 °C
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WK 5(b) FiR , % AT, BT TGO 76 T M F Abde i, ZEMl ™ D Ab F-F- i b 4

T T T Ak = A A T, DA 7 A A K R iz A

ﬁﬁﬂaﬁrﬁ%ﬁﬁﬁ{aﬂﬁl’ﬂ 6(a) Al b, 1225 C , AF% A TC-TCO AL (A &b) i
KA SI{E Ny 84.25 MPa; % [EEALRL N Y (D Ab) S KBLR J1{H M 87.17 MPa .

@ BC-TGO FH M ZEAL B, E A ZHiN I AT B AN BT, TGO RIS ERK (WKl 4
(a)) ; Z AR, TGO R IAEBI A 4K (AN 4(b) ) AT IEAEALRON T, BC-TGO Fif
AR, FEBTRIAS B AL BC 2P, 7= Az 3 KW Hi 1 g 5 25 AR i, BC-TGO
T A28 FE AL E AL A 8/ ISR ).

M E 6(b) UL, 1225 °C, A& EEZ T, BC-TGO FL1H (B 4b) Fe i v F1{E A
236 MPa; % JESE LRV I (E AL) S KA J1{E A 84.51 MPa.
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BC-TGO A M4k €, F 32 KR F1. TGO XF H T 514 BC i Bt IR H F 7 i) TC,
AR I B BC-TGO 4b3Z Fs 1 TC-TGO 4bAz 4.

MEL6(b) AT UL, 1225 C, A% IEEAZNE BC-TGO Ff (€ 4b) f KRN J1{EH
169. 6 MPa; % JE& A (LA (FﬂL)ns—dtf W JI{H A 111.4 MPa.
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Fig. 7 Contours plots of stress component ¢ ,, along axis x, at the temperature of 25 °C
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8 25 CHIFATH o, WAL

Fig. 8 Stress 0,, along the interface at the temperature of 25 C

PHI BB, 25 SR R SRR 1) 17 ) 43 A0 B 285 i B 14 g ) o3 A B A — 3
(LA A5 A BT 7 7 (B 8 T, X 2B pl 452 R ) A A B 2 T 7= A ) I8 ) T
TGO WA T FT 8.

BHURE T, A% 18 L% 18 A AR B O R F1 4340 43 AP 7 (a) (7(b) iR,

O ME 8(a) WL, 25 CHF, K% EAMAT TC-TCO F1 (A &b) Fe KPip F1H N
320. 66 MPa; % JEA AN (D Ab) e KB J1{E A 312.13 MPa.

@ HE 8(b) AT UL, 25 CH, ANFHEE R NE; BC-TGO FLifi (B 4b) f KPR J1{E A
476. 12 MPa; % &AL BT (E Ab) S KPR J1{E N 295.69 MPa .
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42 FHBEEKNT TGO EKMEMEEEIILR
T (1) AL TR AE 1 R A BUE 0.16, 0.2, 0.24, 0.4, 0.6 F10.8, 43 33134 [\l st ]
BEE 1 FR 5 A S S L R BE AR AL AN 9 BT,

1 —=—4=0.16
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Fig. 9 The thickness curves of TGO at different points on the TC-TGO interface for different values of A

ME 9 Haf i,

@O FE—E W RBT BT X T 1 AL E A (B0 a 5 B A (R3S K I8 1) TGO R
BN A G B SRR R A ARG BRI R Y 43 8 Bk 58 2 AL T T FE 9 RSB JR A, A
(BB R 7 4 o W R AL TR 2 n S R R 22 | RIVAH (] S0 R I A 1 8 A 70 5 Sz A B/ N
AR ALY £,

@ X FEEM AEEIIMA =0.16) , B9 FiR S A S E S o 1 TGO JREE IR, 7 A
b 1) TGO JEEE /NI b S e T 18] 4(b) H TGO BYAE KA.

@ 7E A Byt —E IEOL T (B0 A B 0.16 42245 0.2) , K 9 H 7R 5 AN & A8 TGO
JEE LIS A (RS0 5 B AR 530 | BRSO TGO J5E B2 72 Ak B Y AN AH A5

25 BT SEARRBUN Y R/ TGO 19 AR KA 4 HE 2852 M) 5 A8 AR RN R B TGO B AS KLU
K.

5 4 7

ARSCE ST T AU A MRS BB S A )i, FEA TR AR R 2 S T B
SR A BROTAE AL BE G TF & T 3T BN Y Fick 2 AR Voigt 351 PEB I 1) E AL IX
FHAEARG SC R B P BT F T, BUETHE T 880N TGO A=K s 25 5L .

1) A% JEAACRON BB E TGO RIS A, 5 B ALY HLET TGO 230 AR5
ARG,

2) AR ARON AR AN RSSO B ) ST I Ak TR R K

3) AARRON KR HE TGO B4 K, H TC-TGO FLif FAT 2507 B 5 TGO Y5 BE AR {5 R
FHIAL.
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Growth Trend of Thermal Grown Oxide in TBCs
Under Chemical Oxidation Effect

CHAI Yi-jun, LIN Chen, LI Yue-ming
(State Key Laboratory for Strength and Vibration of Mechawical Structures
(X2’ an Jiaotong University) , Xi’ an 710049, P.R.China,)

Abstract: A user element subroutine of ABAQUS was developed, based on the Fick’s law in-
volving the oxidation effect and the constitutive relationship of the 2-phase material in the oxi-
dation zones according to the Voigt model. With a 2D element model which was constructed to
reflect the real interface morphology of the thermal barrier coatings, numerical analysis of the
oxidation effect on the growth trend of thermal grown oxide (TGO) and the stresses along the
top coat (TC)-TGO and the bond coat ( BC)-TGO interfaces was made. The numerical results
show that, without the oxidation effect only uniform growth of TGO is predicted, while with
the oxidation effect non-uniform growth of TGO is achieved. The stresses along the TC-TGO
and BC-TGO interfaces with the oxidation effect are at higher levels compared to those without
the oxidation effect. Moreover, the greater the oxidation effect is, the more irregular the
growth of TGO becomes.
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