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Recent Progress in Thermal Barrier Coatings
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Abstract: Thermal barrier coatings are widely used in protecting the hot parts of gas turbine
engines, so as to improve its working temperature and service lifetime. At present, the commercially
available thermal barrier coating material is Y,0O; partially stabilized ZrO,. However, it will undergo
the phase transformation and be failure at temperatures above 1200°C, not satisfying the performance
requirements of the next generation aircraft engines. Therefore, a great many efforts are made to
search for new thermal barrier coating materials with improved service performances in recent years.
In this review, we summarized the recent progress of yttria-stabilized zirconia, perovskite oxides,
pyrochlore oxides and rare earth silicate as thermal barrier coatings.
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Figure 1 The schematic illustration of thermal barrier coatings
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Table 1 Calculated lattice constants (a), elastic constants (C;), bulk modulus (B), shear modulus (G), Young’s
modulus (E), Poisson’s ratio v and minimum thermal conductivity (ku) of perovskites at 0 K 1*%!

SrTiO; SrZrO; SrHfO; BaTiO; BaZrO; BaHfO;

a/A 3.894 4.131 4.249 3.979 4.185 4.286
i1/ GPa 346.1 340.2 399.6 315.8 299.7 379.6
12/ GPa 101.3 75.5 59.9 109.5 61.1 69.7
Csu / GPa 114.4 74.3 61.3 127.0 86.9 72.4
B /GPa 183.0 163.7 173.6 178.1 140.6 173.0
G/GPa 117.5 93.8 92.7 116.9 98.7 98.8
E/GPa 290.4 236.2 236.2 287.8 239.9 248.9
1% 0.24 0.26 0.27 0.23 0.22 0.26
Kenin / W-m ™K 1.74 1.37 1.15 1.52 1.24 1.09
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Figure 5 The Pugh’s ratio (G/B) and minimum thermal conductivity K,;,versus the electro negativity discrepancy
between A and B site atoms of perovskites ¥
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Figure 6 Temperature dependent thermal conductivity, x; and thermal expansion coefficient, ¢, of BaZrO; (381

N T AR R RE I [V /A5 2 T B RS B BT R B T B AT IO T
A, 3K, Yang 25 APYRI Zhang 25 NG5 TE IR Bt % 7 CaSri_ZrOs Al CaxBa,,ZrOs 4 5 & ¥4
PRAE L0 JE 7 2 R R R AT TR R o X P B [ A A4 1 = i o IR B s AL R B, 1473 K B
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144.82 GPa, N N E I KA EAE 1 70.7%- 69.4%- 68.8% F1 71.1%. CaBa;_ZrO; (X = 0.05.0.10-
0.15. 0.20 0.25) [l VA il i 47 BB &40 B0 18.4% 15.3% 16.2%- 18%- 20.3% Fil 14.4%.
SrZrO; Fll BaZrOs i I (4 FRAS R T8 20 5309 35.7% M1 18.4% 128, 5YSZ m ikl int fos IR B Ny
TR 62.9% . SiXekbRIMIEL, PIRE AR R B RAFR miR et e . ERGENEBE )T
i, 1073 K I, CaSrioZrO; K FZHELE 1.76 W-m "K' ~1.94 Wem "K' 2 /i, KT 4k SrZrO; Al
CaZrO; G REESY, o, RN 40% Ca WAL StZros SR FL T 27.3%. 1E
CaBa; 4ZrO; (x = 0.05. 0.10. 0.15. 0.20. 0.25) [EEAEMEIH, CagasBagssZrOs; 1E AN E BRI
HRKASEE, 206 Wm K ~252Wm "K', b4, CaSriLZrO;(x=02. 0.4, 0.6, 0.8) ]
Pk 2 BN 10.75 x 107°/K ~ 11.23 x 107°/K %), Ca,Ba;_ZrO5 (x = 0.05. 0.10, 0.15. 0.20. 0.25)
AR BRI 250CH 7.73 x 1078 /K ~ 9.25 x 107 /K B, ax semor gt Fae iy, [V B 2 0t 745



154 - RABA| %, RIEREMAR KR %41 %

— , KB PR 1 2 R P R
ol o S, Li 8 A2 [ i s 2 0 P
@ [ 300 ZAEEEKE AT T B R IR
o Y S, LAY BEAN AL 0 R B — A SR
‘g 0.45 a2 FATTH K ER AR . AT I7E C A0k R RILE 190
5 030] Aem¥ PR BRR L A R , 3T T MRS
Y oos] ¥ 3 em<osm FE. T 7 ST 190 FL A4 Pugh L

I R . AR A B 22 e X 190 1k, 2 SRR 24

05 1.0 1!3“ (nfﬁ)“ 28 S0 SHA Pugh HLHOSMHT, L Pugh b G/B < 0.571

i 7 ABOs mé%:;;mé%z Pugh FUREHAEA o < 1.25 Wem KA, G

> %%%[43] WM T 6 Fhak Reifae. MFEL (0.86

Figure7 Pugh’s ratio versus the minimum thermal Wem K~ 1.22 Wem KT, SRR
conductivity of 190 ABO; perovskites [+ P G5 3 v 2 B A 1) 37 2 A 34 2 A 3 A R

BaCeO;. BiGaOs;. EuHfO;. EuSbO;. TINbO; I TITaO; . %1% 6 Fibtklidk 4T — 5 J1/# 2k g
B BRI, X 6 M-SR G R AT K.

3 R&A AN

i L RVE ) (AsB,07, A NFEH 0K B ANUMEBIHE 1) AR &E SRR G R,
RUFIIERBEANE . R B iR AR AR e PRI R I A K R B S R P 1T 45 52 093, 72 1300°C LA RFEH A
A B TS i B AR — P2 ALB,O; A AN R 8 BT, — N9 BO, B A 45K
th—2f B M R TR AR, FIRERR 1/8 M A 6 LI 2 s P e, drdesk, KT REG
A B AR EA BT AR TSN . SEI6 2 B R 2 T T 4 A T R T

REEA R R BT B TN A NI SR R 3R A T 248 T . Schelling %5
NI B2y 75 )12 AR AoB,O7 (A =La. Pr. Nd. Sm. Eu. Gd. Y. Er Al Lu; B=Ti. Mo-
Sn. Zr 1 Pb) [HEIEHGZLE 1.40 Wem K ~3.05 Wm "K' Z [, Liu % AR 2552w i
FL T LayByO; (B = Tiv Ge. Zr. Sn Al Hf) HLZ#88E S T/ R 2 AR &R, T Lay,B,O,
BARGERAT 117 Wm "K' ~0.87 Wm K™ Z[a], (KT HXRN e B VT ER, it
SERE: BT ooEY, 0B MPIER La-O F58EH N 1 &5 88 Je P Wi B8 hn 7= 8

8 (a) AyB,O, B Atk iy R 46445 (b) BOg /\ T 1KY
Figure 8 (a) Crystal structure of pyrochlore rare-earth oxides; (b) structure of BOg octahedra
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Figure 9 Comparison of the calculated values in Ref. [47] with the experimental or calculated values reported
in [49-61] for (a) bulk modulus and (b) Young’s modulus of pyrochlore oxides
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Table 2 Elastic constants and mechanical properties (in GPa) of RE,SiOs (RE = Tb, Dy, Ho, Er, Tm, Yb, Lu
and Y) "%, y-Y,Si,0; and B-RE,Si,0; (RE = Yb, Lu and Y) !'**!

Cn Cx Cs3 Ca4 Css Ces Ci2 Ci3 Cis
Tb,Si05 211 169 181 43 75 57 51 80 -17
Dy,SiOs 215 179 184 45 76 62 54 81 -16
Ho,Si05 220 190 185 47 76 63 58 83 -15
Er,SiO; 225 201 188 49 77 65 61 84 -14
Tm,SiOs 225 214 179 52 72 67 66 78 -8
Yb,SiO5 223 185 202 46 83 62 55 102 -16
Lu,SiOs 240 221 194 52 81 71 67 86 -9
Y,SiO5 224 208 154 47 64 65 92 55 -5
v-Y,S1,0; 196 287 225 63 98 90 126 110 -7
B- Y,Si,04 303 203 203 70 103 71 116 129 24
v-Yb,Si,0, 263 197 198 71 97 67 109 122 -12
B-Yb,Si,0, 298 215 210 77 107 74 119 135 24
C23 Cos Css Cas B G E v (G/B)
Tb,Si05 37 -16 -18 -10 98.0 58.0 146 0.251 0.592
Dy,SiO 40 -16 =20 -10 101.0 60.5 152 0.205 0.599
Ho,Si05 44 -30 -24 -11 104.0 61.5 153 0.254 0.591
Er,SiOs 47 -17 -26 -11 109.0 63.0 159 0.256 0.578
Tm,SiOs 49 -20 =20 -10 110.0 64.5 161 0.255 0.586
Yb,SiOs 49 -18 =21 -15 111.5 62.0 158 0.264 0.556
Lu,SiOs 49 -20 -35 -11 114.5 67.5 169 0.253 0.590
Y,SiO5 29 -0 -0 -10 100.5 60.5 152 0.248 0.602
v-Y»S1,0; 99 -16 -8 -33 151.0 68.0 177 0.304 0.450
B- Y,Si,0, 108 —45 -8 =31 153.0 65.0 170 0.314 0.425
v-Yb,Si1,0, 108 —46 -2 =27 145.0 62.0 162 0.313 0.428

B-Yb,S1,0, 118 —42 -9 -28 160.0 68.0 178 0.314 0.425
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Figure 13 TEM micrographs of deformation region with high stress: (a) weak beam dark-field image of parallel
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