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Abstract

Thermal Barrier Coating (TBC) is used as a protective structure for hot end components in
aero-engine, which can effectively ensure the normal operation of aero-engine hot end compo-
nents, and it is a kind of surface protection technology that can significantly improve their work-
ing efficiency and life time. Aero-engine hot end components account for 40~60% of the total
weight of the aero-engine, and the performance of these hot end components almost determines
the main performance of the aero-engine, so the research and development of the TBC technology
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seems to be crucial nowadays. This paper mainly introduces the classification, specific structure,
and preparation method of thermal barrier coating system, the research progress of MCrAlY alloy
bonding layer material and Pt-Al alloy bonding layer material, the research progress of sin-
gle-element doped-modified YSZ coating ceramic material and multi-element doped-modified YSZ
coating ceramic material, as well as a brief introduction to the failure mechanism of thermal bar-
rier coating technology. At the end of the article, the future development trends and directions of
thermal barrier coating materials and failure analysis are prospected.
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Figure 1. X-15 hypersonic rocket aircraft
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Figure 2. Engine hot end pieces coated with thermal barrier coating [4] [5]
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Figure 3. Simplified diagram of thermal barrier coatings with different structures [8]
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Table 1. Overview of thermal barrier coating protection structures [7]
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Figure 4. Thermal barrier coating structure in microscopic view [9]
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Figure 5. Schematic diagram of the working principle
of thermal barrier coatings applied to blades [10]
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Figure 6. SEM image of cross-section in the vicinity of the thermal barrier coated TGO after service [9]
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Figure 7. Cycle life versus doping content (at.%) [20]
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Figure 8. Variation curve of TGO thickness with doping ele-
ment content [20]
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Figure 9. Phase analysis results of doped modified YSZ materials sintered at 1600 degrees
Celsius for 24 hours [28]
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Figure 10. (a) Relationship between radius size and monoclinic phase formation for additive rare earth ions; (b)

Atomic mass difference between Zr and Hf [28]
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Figure 11. Thermal conductivity of three different ceramic layers of YSZ, EuYSZ, SmYSZ [30]
B 11. YSZ\ EuYSZ. SmYSZ =M A EHIER KK FE[30]

7E P R K2R B0 i, R R AEEB FHHREARSIR T YSZ IRJZ. EuYSZ IR)ZHM
SMYSZ k)=, WAL REY], ERETEPELT, XK= #AT L 100°C £ 900°C 7 HE N
H o BEAG . Hodr, EuYSZ f# 5 #%(1.21657 W/(m-K)~0.83525 W/(m-K)) B &K T YSZ 1 (1.57065
W/(m-K)~1.20141 W/(m-K)), B&lEZ) 30%. SmYSZ H# 52 (1.24167 W/(m-k)~0.86519 W/(m-k))%: YSZ
RS R R, BRIEZIN 28%, W& 11 . W. Fan Z5[31]F L4510 R W, 265 A EHRRRER T,
MR Sy ZIM B FREEMEAT YIS ZrY, AREFHSTHEMEIE RGN, Sc,05-Y,05-Zr0,
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Bk Zr0y, AMUATUABRCAT R T2, b aeiiad thor fnig N IS B, 0 TGO AR KB B4 7R H .
Wang Y S NWE510 R, il S5 B FRHRE R Hl#41K G0 578 YSZ IjfE, MURIRIERFZHT
B, ERESERPULRLETE[33] [34]. HHULAT L, ZI0H L InERIB A ZrO, il LUR IT i FFAR A B 2 16 5 3 i

DOI: 10.12677/ms.2024.144055 491 PR R


https://doi.org/10.12677/ms.2024.144055

ESZ A

e, i YSZ MORLEATELFITERER L. BEERHAOE S A, MG 2 u R B At YSZ F itk
AR R Z N T 5 200K lId 2R BRI PR RERI ThBE, 3 v FL ARG e PEAH LI BE
FEHE A T 52 N 5, SR VR MR R AN TR AUy RO R FE LA A vl ek

3. &S E(TBC)LMHMIIE

KHUEBIHL B TAEM S 2 2 il s ml b pho . BERORAZ T 2 A 2 & R .
IeAh, FRRRERRTAAEZ N, AEINBZA T2 REURE RS, RASBURZERI.
B AR 2 (0 R 80— — R = 4EWT LG, T DU I A 4R RRREA . anE 12 R BUE 7 b g st
W TR FAGR 2 (TBC) 1 m] SEVEAN AME T IS & AR, Rl A PR o AER T TBC [R&FAE REAN
W 2B AL 1) T LA R [35] - 4140 GuoDun 25 [36 )i id 45 FR TCIEEAE 7t T CMAS 35i% %} Fl EB-PVD
FAR B 1 TBC ik 4 B 1R S 2480 i B RAA o F 3ok S [37 138 N FH A 36 B Gk A ST W2 TGO 4™
B-A AR KA Y, WAL T XU TGO ARG i it 2 T AR LI g2l o - W S5 [ 38R FH AR FR AR H i
K3 7 NiCOCrAIY/Y SZ #f & # B i /2 (1) — AETOWAT FR TCHEAY, 40 1 6 B2 J=AE AN [RIAH B 23 BC EE T A
HYERe M, ST SEEE B =42 2R Z SRR, BT T XUR SRR R AR BE A5 IR S E T
PEIR LR g 2P RE

Figure 12. Coating failure mode schematic [35]
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Figure 13. Comparison of feather shape before and after sintering of EB-PVD ceramic layer [48]
13. EB-PVD &R KRERIE T ER AR L E[48]

Table 2. Two types of FOD [49]
= 2. FOD B fp2E A1 [49]
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1 fE =

TE = i 5 A1 T (800°C K LA _b)i#E4T

11 # FOD N N
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A EB-PVD iR 2= SEM .

Figure 14. Example of FOD destruction by TBC [50]
14. TBC K FOD #EER7R45I[50]

Figure 15. SEM images of EB-PVD coating erosion patterns [51]: (a) Room temperature; (b) 800°C
15. EB-PVD B iE=X ) SEM E[51]: (a) ®il&; (b) 800C
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