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Fig. 1 YSZ:Eu coating (a) and YSZ coating (b) specimens
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Fig. 3 Schematic of interface indentations (a) and cracks (b)
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Fig. 4 Micro morphologies of YSZ:Eu coating (a) and YSZ
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Table 1  Porosity ratio, Vickers hardness and Young’s

modulus of the two types of coating specimens

Hardness, HV/

i i 0,
Specimen Porosity/% %10 MPa Modulus/GPa
YSZ:Eu 8.41+1.16 437493 7443
Ysz 8.37+.21 432477 7444

il % 10 YSZ:Eu F1 YSZ 2 Fh i JZ2 I FLBR R B AR — 5,
HiEd B 4 BEnr s, 2 Fpig 2 LR TR K oy A 4
FAR— 5 UL Eu¥ B 402 B FLER R R B .
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Fig. 5 Curves of thermal conductivity vs temperature of the two

coating specimens
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Interfacial cracking-critical loads curves of thermal barriers coatings under condition of 1100 ‘C oxidation cycle: (a) YSZ:Eu
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Table 2 Critical load P, critical crack size ac, and interfacial
fracture toughness K¢, of coatings specimens under

various oxidation cycles at 1100 C

Cycles PJ/N  adum  KayMPam™
YSZ:Eu-as received 24.37 90.02 1.8640.07
YSZ-as received 19.71 91.19 1.8740.03
YSZ:Eu-30 cycles 2.88 29.73 1.1740.11
YSZ-30 cycles 2.04 25.28 1.0640.07
YSZ:Eu-50 cycles 1.23 18.73 0.9940.15
YSZ-50 cycles 0.81 15.03 0.9340.17
g 2.4F —m— YSZ:Eu coating
E 22} —®— YSZ coating
=2
a 20t
=
S 18f &
216t
=
214r
2 1.2} %
210} §*
S 08}
LL 0.6 L 1 1 1 1 1 1 1
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Fig. 7 Evolution of the interfacial fracture toughness as a

function of the oxidation cycles at 1100 <C for YSZ:Eu

and Y'SZ coatings
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Fig. 8 TGO morphologies of YSZ:Eu coating (a) and YSZ coating (b)

under condition of 1100 < and 30 oxidation cycles



1704 - Wi & Jm iR 5 TR %50 &

o &% 3#k References
71 [1] Dorfman M R, Sharma A. Journal of Thermal Spray

g gl Technology [J], 2013, 25: 559

= — N

2 St / [2] Zhu Chen(’k /%), Yu Jianhai(F 2 i), Guo Yafei(33T &) et

£ 4r al. Surface Technology(F i #: K)[J], 2016, 45(1): 13

=

= 3t [3] Padture N P, Gell M, Jordan E H. Science[J], 2002, 296(5566),
2 L

S 280

= 1
of —=— YSZ:Eu coating [4] Ma W, Jarligo M O, Mack D E et al. Journal of Thermal Spray
1 .., T YSZcoating Technology[J], 2008, 17(5-6): 831

-0 0 10 20 30 40 50 60
Oxidation Cycles

B9 1100 C%MF YSZ:Eu Ml YSZ & )2 TGO JE E R AL fE 3
IRBU A A B
Fig. 9 Evolution of the TGO thickness as a function of oxidation

cycles at 1100 <C for YSZ:Eu and YSZ coatings

B g g ok, XA AAL A 5 TR R ) 5 1 W 2R
EAR XS R, B2 TGO JEFE K, W R A /)

3 & it

1) fEHRAEE TROURIEEA R T2 S8 %0
T YSZEu 2 YSZ iR E KSR L FLBR K
MRS . 7 IR 5 AR — 8.

2) £ 100~1100 CYEiH N, YSZ:Eu #R/ZH YSZ
T2 BT R 8 B I 1R T v T PRI

3) AEMIFEIEE T, YSZEu BERFHRILT YSzZ
WERGE, 318 2mol%Eu® 15 42 1T G 8 FAK YSZ #
iR = AT R, Ea R ae .

4) 7£ 1100 CHEALTEAEA T, YSZEu RESL
Y'SZ 132 1 FTHI i 24390 1 25 B 4R Ak A B 0 B 4
T, TGO JF JE Bl A PR H0 i 18 m i 38K .

5) KL YSZEUR)ZEE YSZ iRk )Z Fit i i
AR B A AR R, 4> ) 9 (1.8640.07) MPa-m*? Al
(1.8740.03) MPa-m"?; {HF 2mol%Eu® {5 24 [&(K T
YSZ REMMGE, NINiEs T IRZErRAERE, #1
#il 7T TGO ALK, fEAMF AR IR KMT,
YSZ:Eu 2 S W R E & TS YSZ REN R
T T 24 90 4

6) HHULA S, EV NN B TR YSZ B2 1
BEHERE, #) TGO MK, EmRIASIER Figm
HIE R W R, EVE N — R R AR T &,
2R S T T S 1 5 AT 5 7 A ) W R B O )
T3 52 Je 6t i S AT S DR S AR, TR e A iR
JZE A 7 iy T8 5 R 2 AT IR A T 15
Ko R F R S A AT TR M 4R B A AR L.

[5] Tang Shaogiu(f# #438). Surface Technology(F M+ A)[J],
2002, 31(2): 46

[6] Li Jianchao(Z=# ), He Qing(ffl %), Lv Yufen(& E2¥) et al.
China Surface Engineering(H [E 3R i T£)[J], 2019, 32(2):
16

[7] Portu G D, Micele L, Sekiguchi Y et al. Acta Mater[J], 2005,
53: 1511

[8] Zhao Y, Ma C L, Huang F X et al. J App Phys[J], 2013, 114:
502

[9] Eldgridge J I, Bencic T J, Spuckler C M et al. J Am Ceram Soc
[J], 2006, 89: 3246

[10] Pilgrim C C, Berthier S, Feist J P et al. Surface & Coatings
Technology[J], 2012, 209(9): 44

[11] Wang Weize( = T %), Hong Huoxing( it -k &), Wei
Jingjing( ¥ # #+ ) et al. Rare Metal Materials and
Engineering(# A 4 J8 #1 kL5 T.#2)[J], 2014, 43(2): 481

[12] Gentleman M M, Clarke D R. Surf Coating Technol[J], 2004,
188: 93

[13] Zhao Y, Yang L M, Zhang L et al. Acta Polymerica Sinica[J],
2000(4): 393

[14] Nicolls J R, Wellman R G, Steenbakker R J L et al. Adv Sci
Technol[J], 2010, 72: 65

[15] Clarke D R. The Regents of the University of California[R].
California: University of California, 2006

[16] Feist J P, Heyes A L, Andrew L. Heat Transfer Eng[J], 2009,
30: 1087

[17] Pin L, Pilgrim C C, Feist J P et al. Sensors and Actuators A:
Physical[J], 2013, 199(3): 289

[18] Yang L X, Peng D, Zhao C S et al. Surface & Coatings
Technology[J], 2017, 316: 210

[19] Zhang X F, Zhou K S, Song J B et al. Journal of the Chinese
Ceramic Society[J], 2013, 41(12): 1674

[20] Cai J, Guan Q F, Lv P et al. Nuclear Instruments and
Methods in Physics Research Section B: Beam Interactions
with Materials and Atoms[J], 2014, 337: 90

[21] Chicot D, Demareceaux P, Lesage J. Thin Solid Films[J],


http://link.springer.com/article/10.1007/s11666-013-9906-y
http://link.springer.com/article/10.1007/s11666-013-9906-y
http://www.cnki.com.cn/Article/CJFDTotal-BMJS201601003.htm
https://science.sciencemag.org/content/296/5566/280
http://link.springer.com/article/10.1007/s11666-008-9239-4
http://link.springer.com/article/10.1007/s11666-008-9239-4
http://www.cnki.com.cn/Article/CJFDTotal-TCYJ200203009.htm
http://www.csejournal.com/zgbmgc/ch/reader/view_abstract.aspx?file_no=20181107001&flag=1
https://www.sciencedirect.com/science/article/abs/pii/S1359645404007293
http://www.irgrid.ac.cn/handle/1471x/833371
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2006.01211.x
https://www.sciencedirect.com/science/article/abs/pii/S0257897212008006
https://www.sciencedirect.com/science/article/abs/pii/S0257897212008006
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?file_no=20140246
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?file_no=20140246
https://www.sciencedirect.com/science/article/abs/pii/S0257897204006280
http://en.cnki.com.cn/Article_en/CJFDTotal-GFXB200004000.htm
https://www.scientific.net/ast.72.65
https://www.scientific.net/ast.72.65
https://www.osti.gov/biblio/843110
https://www.ingentaconnect.com/content/tandf/uhte/2009/00000030/00000013/art00010
https://www.sciencedirect.com/science/article/abs/pii/S0924424713001398
https://www.sciencedirect.com/science/article/abs/pii/S0924424713001398
https://www.sciencedirect.com/science/article/abs/pii/S0257897217302682
https://www.sciencedirect.com/science/article/abs/pii/S0257897217302682
http://en.cnki.com.cn/Article_en/CJFDTOTAL-GXYB201312014.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-GXYB201312014.htm
https://www.sciencedirect.com/science/article/abs/pii/S0168583X14006764
https://www.sciencedirect.com/science/article/abs/pii/S0168583X14006764
https://www.sciencedirect.com/science/article/abs/pii/S0168583X14006764
https://www.sciencedirect.com/science/article/pii/0040609096087639

555 3

XUFE 5 % EU* B 440 YSZ Hliih 2 W bk i 5 03 2 S 18T T 84 B0 (0 S T 9 4705 -

1996 (283): 151

[22] Liu Y K, Liu Y H, Lour P et al. Surface & Coatings
Technology [J], 2017, 313: 417

[23] Zhao Tianmeng( # & 2 ), Long Yun( 2 Z£), Wang
Yuzhang(E L ¥4). Journal of Ceramics(Fd & 241i%)[J], 2019,
40(3): 295

[24] Liu Yanbo( Xl Z 18 ), Wang Quansheng( £ 4 £), Ma

Modelling [J], 2012, 36(1): 1995

[26] Lehmann H, Pitzer D, Pracht G et al. Journal of the
American Ceramic Society[J], 2003, 86: 1338

[27] Klemens P G, Gell M. Materials Science and Engineering
A[J], 1998, 245: 143

[28] Youchison D L, Gallis M A, Nygren R E et al. Surface &
Coatings Technology[J], 2004, 177: 158

Zhuang( % H: ) et al. Rare Metal Materials and
Engineering(#i 1 £ & # kL 5 T2)[J], 2009, 38(2): 783

[25] Shen W, Wang F C, Fan Q B. Applied Mathematical

[29] Liu Y K, Copin E, Duluard S et al. Journal of Thermal Spray
Technology[J], 2020, 29: 433

Effect of Eu** Doping on Thermal Insulation Property and Interfacial Fracture
Toughness of YSZ Thermal Barrier Coatings

Liu Yankuan, Xu Jing, Li Yao, Wang Zhiping
(Tianjin Key Laboratory of Civil Aircraft Airworthiness and Maintenance, Civil Aviation University of China, Tianjin 300300, China)

Abstract: Traditional YSZ coating and Eu** doped YSZ coating were prepared by atmospheric plasma spraying APS method. SEM was
used to observe and measure the morphology and porosity level of the two coatings. The thermal conductivity of the two coatings in the range
of 100-1100 <€ was measured by a flashlight heat conducting system. 30 cycles and 50 cycles of oxidation cycle treatment for both YSZ
coating and YSZ:Eu coating were conducted by oxidation cycle test equipment at 1100 <C, and the interfacial fracture toughness of
as-received and heat treated specimens were then calculated. The results show that the thermal conductivity of the YSZ:Eu coating is
lower than that of the YSZ coating at the same temperature, indicating that 2mol% Eu®* doping can effectively reduce the thermal
conductivity of the YSZ TBCs. For both types of coating, interfacial fracture toughness decreases while the TGO thickness increases with
the oxidation cycle number increasing. At the same heat treatment conditions, the interfacial fracture toughness of the YSZ:Eu coating is
greater than that of the YSZ coating, and the TGO thickness is thinner, indicating that 2mol% Eu®* doping inhibits the growth of TGO and
improves the coating’s interfacial properties.

Key words: thermal barrier coatings; Eu** doping; thermal conductivity; oxidation cycle; fracture toughness
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