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Progress on high-entropy and nanostructured
thermal protective coatings for aero-engines

ZHANG Xiaodong, GE Yunyang, LI Guoqgiang

(School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Because of excellent corrosion resistance, high temperature resistance, and low thermal
conductivity, ceramic coating can play a protective role on the surface of hot end parts of aero-engines. The
most representative ones are thermal barrier coatings (TBCs) and environmental barrier coatings (EBCs).
The TBCs are used for thermal insulation protection of high-temperature alloy hot-end components (mainly
turbine blades), while EBCs are used for protection against ceramic matrix composites. The differences
between traditional thermal barrier ceramic coatings and high entropy and nano-sized thermal barrier
ceramic coatings were compared in the aspects of the mechanical, thermophysical, and corrosion resistance
properties, and two rare earth silicates in EBC and their common failure modes were reviewed; the future
development direction of high entropy and nano-ceramic coatings in aero-engines was prospected.
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Table 1 Mechanical properties of rare earth oxides

Wk E/GPa HV/GPa Ko/(MPa:m'?) Kl A5
(Smy3Eu;3Dy 1 3)5Z1,0; 245.00 11.85 1.80 [79]
(Smg,Eug,Tb Dy, L1g) 221,05 257.00 12.42 2.24 [79]
(Yb,Ndg2Smg ,Eug2Gdy2)2Z1,0, 171.55 9.63 1.80 [80]
(LagaNdy,Smg 2Eug ,Gdg 2 ),7r,05 197.51 13.50 1.38 [80]
LNYSC 166.84 8.32 1.94 [81]
LNYLC 151.98 8.67 2.06 [81]
LNYSLC 181.36 7.44 1.90 [82]
EuTaO, 175.00 4.38 - [83]
GdTa0, 154.00 6.10 - [83]
(5REq,)TaO, 141.36 8.00 3.05 [84]
HE-RETa;0, - 5.90 3.57 [85]
4RETa0, - 7.92 - [86]
SRETaO, - 6.15 - [86]
6RETa0, - 9.97 - [86]




70 MR R IRE SR #5395

P H R N FE 2775 . RENZEIOIp5 21 T
T LB BRER G R A T LayZrO, , (H I K 240
HEG . ISR T SRESZuO, ({3 Bk R 5 A
FoE k. BT A Lo TR, e - R AR A7 A

6.78 MPa-m'*F111~12 GPa. A}, 524 KA ,
R T A B A R B R LR S IR
JE SR R, A T A BT MR RE

Feil T RS BAZE A3 L R ER K R R AR 1Y

2 TR E R LR K ALY LR B e
Table 2 Thermophysical performance parameters of partially high entropy rare earth salts and single component rare earth salts at
high temperature

Zps MPER/(WmK) Pk R B(10° K Bl kiR
La,ZrO, 1.56 (1000 °C) 9.10 (1000 °C) [45]
Nd,ZrO, 1.25 (800 °C) 9.50 (800 C) [93]
Gd,Z10, 1.91 (1200 C) 10.50 (1 000 C) [93]
(Lag2Ceq,Ndy2Smg,Euy 2 ),Z1,0; 0.76 (25 C) - [94]
(Smg,Eug,Tby,DygsLug,),Zr,04 0.86 (1 000 C) 11.00 (1 000 C) [87]
LNYSC 1.55 (1 000 'C) 12.40 (1200 °C) [81]
LNYLC 1.04 (1000 °C) 12.60 (1200 C) [81]
Ln,Ce,0; 0.45 (1 000 C) 11.00 (1 000 C) [82]
(Dyo.25Er0.25Y0.25Ybo.25) sNbO; 0.86 (25 C) 9.70 (1200 C) [95]
(Dyo2Hop2Er0,Y02Ybg,)3NbO; 0.72 (25°C) 10.20 (1 200 C) [95]
(Y2Ce2Smy,Gdj,Dyg,) TaOy 1.20 (900 C) 10.30 (1200 °C) [84]
(Yo.2Lag2Ce2Ndo ,Gdy ) TazOg 1.69 (800 C) 6.84 (1500 K) [85]
(Nd,4Sm,;4Eu;,4Gd, ;4 ) TaO, 1.24 (1 000 C) 8.96 (1200 C) [86]
(NdysSmysEuysGdysDyijs) TaOy 1.29 (1000 C) 9.05 (1200 C) [86]
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Table 3 The properties of nanostructured Al,0,/TiO, coating
w2 PR Tifi ¥ /GPa MM/ (N'mmm ™) T AEHIE RS AAK Bk G565 /kPa
B8R Bk 1 000 7.5x10° 51 ik <10° WERE 13 091
KR =S 1 000 4x10* 5 5 >10° Ll 180°LRITE 2955 120

(a) X1-RE,SiO;

(b) X2-RE,SiO;

K19 RE,SIOs M 444 13)
Fig.9 Two crystal structures of RE,SiOs
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Table 4 Crystal structures, spatial groups, and crystal systems of RE,Si,0;

n ARGy I =z [ L
A La,Pr,Nd,Sm,Eu P4,22-P4, VU A AR
B(a) Eu,Gd, Tb,Dy,Ho, Er P1-P1 =R R
C(B) Ho,Er,Tm,Yb,Lu C2/m-C2-Cm PARHE R
D(y) Ho, Er P2i/a B R
E(3) Eu,Gd, Tb,Dy, Ho Poam-Poa2: N E
F Sm, Eu P1-P1 =RHRR
G La,Ce,Pr,Nd,Sm P2y/n FHIERE i 7

%5 T RERREADRH S B 1)

Table 5 Thermophysical properties of rare earth silicate materials

Mk JE R/ C PR B/ (10K PER/(Wm K E/GPa
Yb,SiOs 1950 7~8 2.3~1.5 (300~1 400 K) 149
Yb,Si,0; 1850 3.7~4.5 (800~1 600 K) 4.6~2.0 (300~1 400 K) 168
Y,SiOs 1980 6.9 (473~1 623 K) 1.6~1.9 (473~1 673 K) 124
Y,Si,0; 1775 3.9 (300~1 527 K) 4.9~1.9 (300~1 400 K) 155
Lu,SiOs 2010 5.92 (473~1 623 K) 3.3~1.7 (300~1 073 K) 176
Lu,Si,0; - 4.5~1.7 (300~1 300 K) -
En,SiOs 1 980 5.9 (473~1 623 K) 1.4~1.5 (473~1 673 K) 157
Gd,SiOs 1900 10.3 (473~1 623 K) 1.45 (273~1 573 K) -
Sc,SiOs - 5.0~6.0 2.3~3.5 (473~1 673 K) -

S¢,Si,07+S¢,05 1860 5.0~6.0 - -
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