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Thermal, Mechanical and Molten Silicate Environmental Deposits Corrosion Resistance
Properties of High-Entropy (Y.:Gdy.2Dyo.2Cep2La92)Ta0O4 Ceramic Materials

WANG Ruida'?, ZHAO Shixian?, LI Lei’, CHEN Liugang', SI Yaochen?, LI Lingfeng®, LI Hongxia>*, FENG Jing*

(1. Henan Key Laboratory of High Temperature Functional Materials, School of Zhengzhou University Materials Science and
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Institute of Refractories Research Co., Ltd., Luoyang 471039, Henan,China; 3. China Sinosteel Group Co., Ltd., Beijing 100080,
China; 4. School of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650000, China)

Abstract: Novel high-temperature thermal barrier materials become the key materials for the development of new generation
aeroengines. In this paper, a monoclinic high-entropy rare-earth tantalate material (Y(,Gdg,Dyo2CepsLag2)TaO4[(SRE(,)TaO,4] was
synthesized via solid-state reaction. The thermal, the mechanical and the molten silicate environmental deposits (CMAS) corrosion
resistance were investigated. The results indicate that (SRE(,)TaO, exhibits a low thermal conductivity (i.e., 1.22 W-m K™, 600 ‘C)
and a high thermal expansion coefficient (i.e., 10.3x10° K™, 1200 “C), Compared with YSZ material (i.e., 2.1-2.7 W-m K™,
100-900 °C), the thermal conductivity is decreased by 42%. The fracture toughness reaches 2.8 MPa-m'?, which is superior to most
thermal barrier coating materials because of its unique ferroelastic toughening effect. The thickness and penetration depth of the
(5RE,)Ta0, reaction layer are smaller than those of the YSZ material after being corroded by CMAS at 1350 ‘C for different
durations. This material is a developed thermal barrier coating material with a great application potential.
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45510, [f] CMAS #iff . B & Sz It &
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(a) SEM photograph of (5RE,)TaO4

(a) 10°-70°

22 24 26 28 30
20/(°)
(b) 21°-31°
Kl 1 (5RE,)TaO4 ] XRD 434745 A1 GdTaO, 1) ICSD

T
Fig. 1 XRD results of (5RE,)TaO, and ICSD card of GdTaO,

B 2 N(5RE,)Ta0, 1) SEM HE F A%t M ft] EDS
TR K. HE 2 AT, B4 I(5REq,)TaO,
Wi B TV A BH S AL, SR ORE ] 1) 43 43 B el
PIWIZEE], Ta. Y. Gd. Ce Ml La ZERUWIEE 4 5%
M5, THEmIT S RERR KA.

(b) EDS spectra of (SRE(,)TaO; in Fig. 2(a)

2 (5RE,,)Ta0, ] SEM M F Fixt Bif¥) EDS Jt% /A7 &
Fig.2 SEM image and EDS element distribution diagram of (SRE,)TaO,
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W, R R ST R AR R KRR Ak,
TE #RJB5 b J 7 A6 2 THD o] DA 252 1) 4k 1 5 1) A 1
X E SR T R 2R (SRE ) TaOy 7E Ay L
(Z=1400 C)RKAEMA, dRiRmnAE/R Ty, i
B A

(a) Grain distribution

(b) Ferroelastic domain distribution map

Kl 3 (SREq,)TaO, M i A4k s % 73 A 1]
Fig. 3 Grain distribution and ferroelastic domain distribution
map of (SRE,)TaO,

*1 (SRE,)Ta0, BIE 5 RETaO, R MZE5H, Sk
R, W*ﬂ%fﬁﬂ’—:\,}’[‘gw—ml—zzl

Table 1 Spatial structure, grain size, bulk density and

porosity of (SRE(;)TaO; and RETaO,
ceramics!®"2
Samples Space  Grain size/ Bulk deisity/ Porosity/
group  pm (grem™) %
YTaO, 12(5) 5-25 6.958
GdTaO4 12(5) 5-20 8.276 4
DyTaO4 12(5) 3-20 9.080 8
(5RE(,)TaO4 12(5) 10-60 7.503 6.3
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# 2 H(Y02Gd2Dyo 2Cep2Lag ) TaOs F1(Y2Ce 2
Smy,Gdy,Dyo2)TaO, F1 A [F J6 2 1 J5 ¥ i & 5 2
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(a) Thermal capacity (b) Thermal diffusivity

(c¢) Thermal conductivity (d) Thermal expansion rate

(e) Thermal expansion coefficient

Bl 4 (5RE,)TaO4 MRS H B AR A2 REXT
Fig. 4 Thermal properties of (Y,Gdy,Dyq,Ceq,Lag,)TaO4 ceramics

®2 BInEMETERSRE TayOs {E =it N KPS T RE O3, 1E R
Table 2 Atomic radius and mass of rare earth elements AR B FE e, — 4 Ta,Os R, PR
Bome  Aomerdush  Mws(mol) g gefit kI, BT 7T BOR. B3
o - o F - R R 1 Bk B 45 4 A 0 T ARG 4
oy o o SR Wk, #RH - R R P

Ce 1.81 140.0 mg‘rﬁ"
La 274 138.9 A 4d W, S CE R IRE = BT,

sm 259 1504 FAFRIEAR AR . H AR T, AR A
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(5RE(,)TaO, fETHR SRR P E R AEMAS, BA RiF
AR EYE. & 4e ATLAB L, (5REq,)TaO,
WM REBEEE T R B # T, BEmE R T
10.3x10 °K™", #4175 RETaO, K 230,
AL YSZ Mk, FE AT BE 2 B TR 5 T 1B 2R
sAk T RSN 13, IR T SRS AR, 1Y
5T M R B, B R AK RECE B TR
& EIARIRELE, /NN AT, SRR
FH 1 o
2.3 NEFMEESH

Kl 5 J9(5RE,)TaO4 BFEI Vickers i B He IR HE
Fo tHE S AfL, D RIR A= AR I A E0E I R R
B, RIUAFMBIE. EER 0 XIEL 70 pm (1)
0 L N AT DAL S BB mE ) I G, A2 R X 2k

(a) Vickers hardness indentation image

SR T G e LR X, 0 B T Ak
WEAHAR & B ) 51 RT . B TR E I A7 RE RE 2%
RO E LY R, A H G & A dokL 1 2k 58585 7 [r)
YR, BHAS T RaGE—BY K, dmEs TR
(1) T 0 1% o 38 I 44 2K R AN B (SRE 2) TaOy ]
FMERE PN 146.8 GPa, KT YSZ # K
(240 GPa)P" 1. B kA B AR BT
I AEZE PR, Befl 5 aF Ty . RS, #i
TE BT B 453 4%

Kl 6 AR AR 12z ERexT . IR 6 AT AL,
(5REq2)TaOy (Wi 24 M- 24ME 9 2.8 MPa-m'?, &
T YSZ(2.5 MPa-m" )M E M R EE . R EL A
BERR SR AP RIN030 R i (W I I A BT A i
JEHEPU R T ISR R LB P2 2R O BE RN FT, D%

(b) Indentation schematic

5 (5RE,)Ta0, I Vickers 18 & K JE AT R~ & &
Fig. 5 Vickers hardness indentation image and indentation schematic of (SRE,)TaO,

(a) Fracture toughness

(b) Brittleness index

Bl 6 RPN 2R e A 100

Fig. 6 Mechanical performance data chart of the series of thermal barrier coating materials

[16,30-36]



HS1EH 12

EEIﬁji /—E—% %%(YO'2Gd0'2Dy0‘2C60'2LaO'Z)TaO4 Bﬁ%*ﬁ*’l’ﬂg‘}ﬂ#\ ﬁ#&ﬁiﬁ%ﬂ ...... « 3139 -

W%, $RFHREMH G Hoh, HR@THHEASE,
(5REq2)TaO, IMEESERL(M) Y 1.45 pm ', IR/
T YSZ (It BUE (7 pm ), BN SR Bk
BIM R B S (R 25 R o R A ARy 2 A4 )
FHE) S5 ERE2 —B7, (5RE(,)TaO, f] Vickers fifi
JEAE Hy N 3.5~4.5GPa, H 54K (A TERR
F R RS G

2.4 3 CMAS RS0

24.1 CMAS 7E(5RE(,)TaO4 F1 YSZ H35iE K7
A1350 ‘C (5SRE(,)Ta04 5 YSZ ik FEZ: CMAS 121t
Je WA TH B ZE /) SEM JR o 3@ 4 M A R R ikt
I 1) A4 R b 2 T B A RS AL R By,
CMAS HIBIBERE(YSZ H CMAS BiE R Ol H
DR X EGE R, R, %A EDS 4558,
BIE TR FE AR ] )AL A ] 8 Fros. HIE 7~
K 8 F1 3 A%, (5RE(,)TaO,RFEH CMAS BiE
WIEHIE/NT YSZ i FE, (5RE()TaO4 4 24 h 1210

(a) (5RE(,)TaO4 after CMAS corrosion for 6 h

(c) (SRE(,)TaO4 after CMAS corrosion for 24 h

(e) YSZ after CMAS corrosion for 12h

Ji CMAS HJBIiEREY) 400 pm, 1 YSZ HIBE IR
JEEIE 1500 pme 3E—B 0TS IE R E - 7] (h-t)
KRAH, (5RE(,)TaO4 1 YSZ ) h—t % R#FFEA
EEM L, HBEEER YSZ &/ T
(5RE(,)Ta0y.

H& 7 I ATEAE H, (5RE2)TaO, £ CMAS %
24 h JG, &BEEJTTUHE CMAS 5RRE . %5k B
CMAS H o vl &, BEE OB TR IR, CMAS
G E Ca/Si BE/RIL 2 FREES . Ca/Si BE/R LGN
CMAS ZHEHK, RUIFREH CMAS HIFEHR, it
MR E V@R, teah, B AR SR R A 6
SRRl CMAS 1, HE& e RIS A 0. 1
YSZ KA CMAS =25, UAE 6h B RZH D
i CMAS %, BERKEMEE T CMAS C5E4E
A YSZ Bphrp. BEEIZIER A — P &K (24 h),
K1 CMAS ELiHFESR R, CMAS K55 H R &
TR,

(b) (5RE(2)Ta0, after CMAS corrosion for 12 h

(d) YSZ after CMAS corrosion for 6 h

() YSZ after CMAS corrosion for 24 h

7 CMAS 1£ 1350 ‘CI20A A A]J5 (5RE ) TaO4 F1 YSZ SRR AR I 1MW 45 ¥ SEM R F
Fig. 7 SEM photographs of cross-sectional microstructure of (SRE,,)TaO, and YSZ samples after 1350 C erosion at different time



< 3140 - (RERR Sh2230)

J Chin Ceram Soc, 2023, 51(12): 3133-3143

2023 4F

K8 (5RE(,)TaO, F1 YSZ ] CMAS 1535 14 FE 512 it 8] 5%
FHZL

Fig. 8 Relationship between CMAS infiltration depth and
corrosion time of (SRE(,)TaO,4 and YSZ

242 CMAS 215 YSZ FI(5RE(,)TaO, H [ B [X.

R RLZSER, SR A R B B (kLR
SN 5~30um). 6. 12, 24h RS N R B
XA 110, 273 um A1 337 um, BE&T
(5SRE(,)TaOs #4 %k, B 10 4 CMAS 21 12h 5 YSZ
RNEZ B RETESE,  al LLEM A sk A CMAS
M ARAS . B 10a W RN RLI G ER 2 A
Zr F1 0, W& CMAS 2R MN 5, YSZ dikid
FRE RN R A, Vs R3] Ze0, KAE T t+-ZrO, A7)
m-ZrO, A AR, 5 ks AR AR P, iy
Kl 10b HoeE A AT AT, CMAS 27 s b =5 2247
ETRMNZR I, KAET @AE M. i
e AL T RE RS LR /BT (A 10c~ & 10d), BT
FRCARZ SRR, R 10 pm) A Ca TR, %

FIRAE B 7. B9 TR YSZ AEARFIRMN  magiEe it Ca o=, AT DLHENT,
®3 BETPRICRHTESE
Table 3 Eement contents of points in Fig. 7 X%
6h 12h 24h
Element

Point A Point B Point C Point D Point E Point F Point G Point H Point |
Ca 9.18 8.48 0.00 7.37 8.80 0.00 7.23 8.24 0.00
Mg 0.71 0.46 0.00 0.49 0.86 0.00 0.55 0.76 0.00
Al 7.21 3.12 0.00 4.93 2.71 0.00 4.69 2.65 0.00
Si 17.35 5.35 0.00 18.91 437 0.00 18.10 5.13 0.00
Y 0.57 2.30 4.60 0.94 1.94 4.63 0.97 2.29 4.48
Gd 0.49 1.83 3.43 0.63 1.87 3.86 0.75 1.71 3.85
Dy 0.48 2.20 3.36 0.67 2.06 3.93 0.68 1.85 3.56
Ce 0.17 1.03 1.68 0.35 1.02 1.55 0.41 1.09 1.57
La 0.48 0.38 2.78 0.94 0.62 2.95 1.22 0.74 2.81
Ta 1.30 10.98 17.01 1.77 11.86 16.27 2.33 11.51 16.73
(o) 62.05 63.88 67.14 62.99 63.89 66.82 63.08 64.05 67.00

X is mole fraction.

(a) (SRE,)TaO, after CMAS corrosion for 6 h

(d) YSZ after CMAS corrosion for 6 h

(b) (5RE(2)Ta0, after CMAS corrosion for 12 h

(e) YSZ after CMAS corrosion for 12 h

(¢) (5SRE,)TaOy after CMAS corrosion for 24 h

(f) YSZ after CMAS corrosion for 24 h

B9 S 7 ARG IR AT oW 454 SEM TBOR IE A

Fig. 9 SEM images of cross-sectional microstructure corresponding to Fig. 7
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(a) SEM photograph of YSZ reaction layer after 12 h corrosion

(c) Single grain electron microscopy and EDS line scanning

(b) EDS spectra of YSZ in Fig. 9(a)

(d) EDS lines of Ca element at labeled position
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Fig. 10 SEM images of YSZ reaction layer and EDS distribution after 12 h corrosion by CMAS
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Fig. 11 XRD patterns of mixed powders sintered at 1 350 ‘C
for 24 h

3 £

SR FH e I T A B Ry s o il 4% 1 B 5 M
5 08 A H R 5 B 22 (Y 0..Gdo 2Dyo 2Ceo 2 Lag ) TaOy4
[(5RE(2)TaO4] » (5SRE()TaO,4 Fij & 44 K} ) #4 5 %K
(1.22W-m K™, 600 CHETHE YSZ Mkl H
1200 CIHIRIK ZE0E 103x10° K, BF & T
BAZH 5T RETaO04(8.8x10°~9.6x10° K™, 1200 C),
5 YSZ(10x10°~11x10°K™", 1200 ‘C)FHiT. =i



3142 - (RERR Sh2230)

J Chin Ceram Soc, 2023, 51(12): 3133-3143

2023 4F

I (SRE2)TaO4 Pl BEA R LA MR 10 K 54 A 45

*@ ’

N2 AE R RIS (RS I RN, LI

ZHINEK )iEE] T 2.8 MPa-m'?, TR E (M)A
1.45 um "2, A0 F Hw o 2 B i 2 B bR
1350 ‘C2%MFF CMAS 1215, (SREq,)TaO, K i

L HEITBUR R NIR, 2% T CMAS X EHT

W iR . AL 24 h J5, CMAS fE
(5RE2)TaO4 H ZIE R FE A A 400 pm, /N T YSZ
W VBB TR (1 500 pm)

Ed AR LY, w0 R AR

(Y02Gdo2Dyo2CegLag,)TaOy A5 HI45 & MERE,
VE 8T T s i E AR A AR I S 8 77

SE R
[1] TURCER L R, PADTURE N P. Towards multifunctional thermal
environmental barrier coatings (TEBCs) based on rare-earth

(2]

B3]

(4]

(3]

(el

(7]

(8]

(]

[10]

(1]

pyrosilicate solid-solution ceramics[J]. Scr Mater, 2018, 154: 111-117.
YANG G J, CHEN Z L, LI C X, et al. Microstructural and mechanical
property evolutions of plasma-sprayed YSZ coating during
high-temperature exposure: Comparison study between 8YSZ and
20YSZ[J]. ] Therm Spray Technol, 2013, 22(8): 1294-1302.

RIER, BUKkE, 2EXE, & FAHEHE AR 2 PR A BRI
B[], & JmIhRes kL 2011, 18(2): 79-82.

ZHU Zhengquan, HUANG Yongzhang, LI Xingyan, et al. Met Funct
Mater (in Chinese), 2011, 18(2): 79-82.

KUMAR V, BALASUBRAMANIAN K. Progress update on failure
mechanisms of advanced thermal barrier coatings: A review[J]. Prog
Org Coat, 2016, 90: 54-82.

ZHAO Z F, CHEN H, XIANG H M, et al. High entropy defective
fluorite structured rare-earth niobates and tantalates for thermal barrier
applications[J]. J Adv Ceram, 2020, 9(3): 303-311.

WANG J, CHONG X Y, ZHOU R, et al. Microstructure and thermal
properties of RETaO4 (RE = Nd, Eu, Gd, Dy, Er, Yb, Lu) as promising
thermal barrier coating materials[J]. Scr Mater, 2017, 126: 24-28.
WANG J, ZHOU Y, CHONG X Y, et al. Microstructure and thermal
properties of a promising thermal barrier coating: YTaO,4[J]. Ceram Int,
2016, 42(12): 13876-13881.

ZHOU Y X, GAN M D, YU W, et al. First-principles study of
thermophysical properties of polymorphous YTaO4 ceramics[J]. J Am
Ceram Soc, 2021, 104(12): 6467-6480.

CHEN L, HUM Y, WU P, et al. Thermal expansion performance and
intrinsic lattice thermal
ceramics[J]. J Am Ceram Soc, 2019, 102(8): 4809-4821.

YEH J W, CHEN S K, LIN S J, et al. Nanostructured high-entropy

conductivity of ferroelastic RETaO4

alloys with multiple principal elements: Novel alloy design concepts
and outcomes[J]. Adv Eng Mater, 2004, 6(5): 299-303.

YEH J W. Alloy design strategies and future trends in high-entropy
alloys[J]. JOM, 2013, 65(12): 1759-1771.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21

[22]

[23]

[24]

[25]

[26]

ROST C M, SACHET E, BORMAN T, et al. Entropy-stabilized
oxides[J]. Nat Commun, 2015, 6: 8485.

OSES C, TOHER C, CURTAROLO S. High-entropy ceramics[J]. Nat
Rev Mater, 2020, 5(4): 295-309.

TKZEME, FH, AN, S — PR AR BRI B
THR IR £h E AL A BEATF 7T [J/OL]. [2023-06-26]. http://h-p.kns.
cnki.net.zzulib.vpn358.com/kems/detail/11.2365.tg.20230215.0943.00
2.html.

ZHANG Yixiong, WANG Panpan, HE Junjie, et al. J Chin Soc Rare
Earths[J/OL]. [2023-06-26]. http://h-p.kns.cnki.net.zzulib.vpn358.com/
kems/detail/11.2365.tg.20230215.0943.002.html.

GUO D H, ZHOU F F, XU B S, et al. High-entropy (Lag>Ndy>Smy»
Gdo2Ybo2)2(Zrg75Ce025),07 thermal barrier coating material with
significantly enhanced fracture toughness[J]. Chin J Aeronaut, 2023,
36(4): 556-564.

CHEN L, LI B H, GUO J, et al. High-entropy perovskite RETa3;Oq
ceramics for  high-temperature environmental/thermal  barrier
coatings[J]. J Adv Ceram, 2022, 11(4): 556-569.

SWALIN R A, ARENTS J. Thermodynamics of solids[J]. J
Electrochem Soc, 1962, 109(12): 308C.

ANSTIS G R, CHANTIKUL P, LAWN B R, et al. A critical
evaluation of indentation techniques for measuring fracture toughness:
I, direct crack measurements[J]. J Am Ceram Soc, 1981, 64(9):
533-538.

BOCCACCINI A R. Machinability and brittleness of glass-ceramics[J].
J Mater Process Technol, 1997, 65(1-3): 302-304.

DELON E, ANSART F, DULUARD 8§, et al. Synthesis of yttria by
aqueous sol-gel route to develop anti-CMAS coatings for the
protection of EBPVD thermal barriers[J]. Ceram Int, 2016, 42(12):
13704-13714.

PRIk, 1. Sk BPERS LA R SR RETaO, M & (¥ FA M 3L 0T BT 72 itk
JEIT). SR T, 2022, 36(4): 56-76.

CHEN Lin, FENG Jing. J Exp Fluid Mech (in Chinese), 2022, 36(4):
56-76.

CHEN L, JIANG Y H, CHONG X Y, et al. Synthesis and
thermophysical properties of RETa;09 (RE=Ce, Nd, Sm, Eu, Gd, Dy,
Er) as promising thermal barrier coatings[J]. J Am Ceram Soc, 2018,
101(3): 1266—-1278.

PADTURE N P, KLEMENS P G. Low thermal conductivity in
garnets[J]. ] Am Ceram Soc, 2005, 80(4): 1018-1020.

WANG J, WU F S, ZOU R A, et al. High-entropy ferroelastic
rare-earth tantalite ceramic: (Y(2Ceo2Smy2Gdo,Dyo2)TaO4[J]. J Am
Ceram Soc, 2021, 104(11): 5873-5882.

ZHAO Z F, XIANG H M, DAI F Z, et al. (Lag,Ce2Ndo2Smy,
Eug»)2Zr;07: a novel high-entropy ceramic with low thermal
conductivity and sluggish grain growth rate[J]. J Mater Sci Technol,
2019, 35(11): 2647-2651.

QIU S H, LI M L, SHAO G, et al. (Ca, Sr, Ba)ZrO;: a promising

entropy-stabilized ceramic for titanium alloys smelting[J]. J Mater Sci



5551 G5 12 FHE 4 B (Y 02Gd2Dyo,CegoLag ) TaO, BB BHIHE . )% ik, ... - 3143 -
Technol, 2021, 65: 82-88. 1052-1057.

[27]

(28]

[29]

[30]

311

[32]

[33]

[34]

WEI Z Y, MENG G H, CHEN L, et al. Progress in ceramic materials
and structure design toward advanced thermal barrier coatings[J]. J
Adv Ceram, 2022, 11(7): 985-1068.

TOBERER E S, ZEVALKINK A, SNYDER G J. Phonon engineering
through crystal chemistry[J]. J Mater Chem, 2011, 21(40):
15843-15852.

WANG J, CHONG X Y, LV L, et al. High-entropy ferroelastic
(10RE()TaO4 ceramics with oxygen vacancies and improved
thermophysical properties[J]. J Mater Sci Technol, 2023, 157: 98-106.
HE K, CHEN J J, WENG W X, et al. Microstructure and mechanical
properties of plasma sprayed AlLO3;-YSZ composite coatings[J].
Vacuum, 2018, 151: 209-220.

JANG B K, MATSUBARA H. Hardness and Young’s modulus of
nanoporous EB-PVD YSZ coatings by nanoindentation[J]. J Alloys
Compd, 2005, 402(1-2): 237-241.
GADAG S, SUBBARAYAN G, BARKER W. Thermo-elastic
properties of dense YSZ and porous Ni-ZrO, monolithic and isotropic
materials[J]. J Mater Sci, 2006, 41(4): 1221-1232.

SOOD A, CHEAITO R, BAI T Y, et al. Direct visualization of thermal
conductivity suppression due to enhanced phonon scattering near
individual grain boundaries[J]. Nano Lett, 2018, 18(6): 3466-3472.
ZHU J T, MENG X Y, XU J, et al. Ultra-low thermal conductivity and
enhanced mechanical properties of high-entropy rare earth niobates

(RE;NbO7, RE =Dy, Y, Ho, Er, Yb)[J]. J Eur Ceram Soc, 2021, 41(1):

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

ZHU J T, XU J, ZHANG P, et al. Enhanced mechanical and thermal
properties of ferroelastic high-entropy rare-earth-niobates[J]. Scr Mater,
2021, 200: 113912.

REN K, WANG Q K, SHAO G, et al. Multicomponent high-entropy
zirconates with comprehensive properties for advanced thermal barrier
coating[J]. Scr Mater, 2020, 178: 382-386.

WANG H G. Criteria for analysis of abradable coatings[J]. Surf Coat
Technol, 1996, 79(1-3): 71-75.

VIDAL-SETIF M H, RIO C, BOIVIN D, et al. Microstructural
characterization of the interaction between 8YPSZ (EB-PVD) thermal
barrier coatings and a synthetic CAS[J]. Surf Coat Technol, 2014, 239:
41-48.

ZHANG C L, FEI J M, GUO L, et al. Thermal cycling and hot
corrosion behavior of a novel LaPO4/YSZ double-ceramic-layer
thermal barrier coating[J]. Ceram Int, 2018, 44(8): 8818-8826.

LI M Z, CHENG Y X, GUO L, et al. Preparation of plasma sprayed
nanostructured GdPO, thermal barrier coating and its hot corrosion
behavior in molten salts[J]. Ceram Int, 2017, 43(10): 7797-7803.

WU D, YAO Y, SHAN X A, et al. Equimolar YO,s and TaO,s
co-doped ZrO, as a potential CMAS-resistant material for thermal
barrier coatings[J]. ] Am Ceram Soc, 2021, 104(2): 1132-1145.

YE F X, YANG W Q, YAN S, et al. The wettability and corrosion
behaviors of CMAS on M-YTaO, at 1 350 ‘C[J]. J Therm Spray
Technol, 2021, 30(4): 873-885.



