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ABSTRACT: Objective To study the damage behavior of thermal barrier coatings prepared by electron beam physical vapor
deposition (EB-PVD) under mechanical load. Methods Thermal barrier coatings (TBCs) were prepared by EB-PVD. Fracture
characteristics, crack morphology and microstructure were analyzed by SEM and stereo microscope. Tensile properties, stress
rupture properties and rotary bending fatigue properties were studied under typical mechanical load conditions. Results The re-
sults showed that micro-cracks occurred in ceramic layers and entered the carbide of matrix during elastic plastic deformation.

Destructive cracks occurred in the adhesive layer in the tensile testing at room temperature, but not at high temperature. Under
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stress rupture conditions, cracks started from the elastic deformation stage, then expanded along the clusters of column grains of

TBC, but did not extend into the adhesive layer. Cracks first appeared in the adhesive layer, followed by expansion to the matrix

in the rotary bending fatigue properties testing. Fatigue cracks on the matrix initiated at the end of cracks in the adhesive layer

and sloping sliding extension occurred. Conclusion Improving the toughness of the bonding layer, and reducing crack initiation

in the bonding layer and its extension to the matrix, are effective ways for optimization of thermal barrier coating materials and

process.
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Fig.1 Fracture surface macrographs of specimens after
tensile test
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Fig.2 Surface morphology of specimens after tensile test
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Fig.3 Cross-section micrographs of specimens after tensile test
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Fig.4 Fracture surface macrographs of specimens after stress rupture test
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Fig.5 Cross-section micrographs of specimens after stress rupture test
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Fig.6  Cross-section micrographs of specimens after rotary bending fatigue test at 900 ‘C

3 4t

1) FERLRZRAET TR JE R Hh Fh e = A A
R AL Ak A BB PRSI i B 3 ) BUROR L . R
P, REZEJZ v BUREAE AL, T ey i L A IS
ARG BB REC

2) (eI FFARIET, R By
BiR R BIR A TT R, B 4 P e J= AR b e a4
JE, (HRY EERGEEZ , IRIZTTENY X IEAR &
G ARRTA R,

3) AERL R BT AR, RBUE S B
L8R, BRMEAZEETY R, REER, Mk
PRI 55 B BAE G IR M BOR S 2, R BRI A2



BI3E 3

ATAES . JI R 44T T EB-PVD AR BT A - 69 -

J%O

TR RSS2 IVE | ARG S5 = i 2R A A )

By, EAIAEIRZ MR T 2 A R

S %30k

(1]

[10]

NICHOLLS J R. Advances in Coating Design for High-
performance Gas Turbines[J]. MRS Bulletin, 2003, 28:
659—670.

MEIER S M, GUPTA D K. The Evolution of Thermal
Barrier Coatings in Gas Turbine Engine Applications[J].
Journal of Engineering for Gas Turbines and Power, 1994,
116: 250—257.

LEVI C G. Emerging Materials and Processes for Thermal
Barrier Sysleins[J]. Current Opinion in Solid State and
Materials Science, 2004(8): 77—91.

BERNDT C C,HERMAN H. Failure during Thermal
Cycling of Plasma-sprayed Thermal Barrier Coatings[J].
Thin Solid Films, 1983, 108(4): 427—437

NISSLEY D. Thermal Barrier Coating Life Modeling in
Aircraft Gas Turbine Engines[J].
Spray Technology, 1997(6):91—98.
WRIGHT P K, EVANS A G. Mechanisms Governing the
Performance of Thermal Barrier Coatings[J]. Materials
Science, 1999(4): 255—265.

KL, BHWAR, WS, AZnO, B LI IR
EWFE R, FmEHA, 2014, 43(4): 135—141.
ZHANG Hong-song, YANG Shu-sen, WEN Qian. Re-
search Progress of A,Zr,O;-type Rare-earth Zirconate

Journal of Thermal

Thermal Barrier Coatings[J]. Surface Technology, 2014,
43(4): 135—141.

Wrivetty, TKER, BBl PR R B0 R 2 0 T Y
M), WA BB FEREAR, 2005, 34(22): 636—639.
CHEN Xiao-mei, ZHANG Yue, GONG Sheng-kai, et al.
The Influence of Thermal Expansion Coefficient on the
Stresses of Thermal Barrier Coatings[J]. Rare Metal Ma-
terials and Engineering, 2005, 34(z2): 636—639.
SCHLICHTING K W, PADTURE N P, JORDAN E H, et
al. Failure Modes in Plasma-sprayed Thermal Barrier
Coatings[J]. Metallography, 2003, 342: 120—130.
T, AR BRI, FARORIZE N S R TR
B 1) R AF 5 BE R S IR D], S AR, 2013,

(1]

[12]

[13]

[14]

[15]

[16]

[17]

33(5): 83—98.

HAN Meng, HUANG Ji-hua, CHEN Shu-hai. Research
Progress and Review on Key Problems of Stress and
Failure Mechanism of Thermal Barrier Coating[J]. Acta
Aecronautica Et Astronautica Sinica, 2013, 33(5): 83—98.
JAzs R, XA, i, % RERENESYIIS 5
AN AT 224, 2010, 31(5): 504—531.
ZHOU Yi-chun, LIU Qi-xing, YANG Li, et al. Failure
Mechanisms and Life Prediction of Thermal Barrier
Coatings[J]. Chinese Journal of Solid Mechanics, 2010,
31(5): 504—531.

TEAT, A . BRI J2 0 1 A DA SRR i gtk
B[], FrEH R, 2009, 30(7): 922—925.

XING Ya-zhe, HAO Jian-min. Research Status in Fabri-
cation and Failure of Thermal Barrier Coatings[J]. Foun-
dry Technology, 2009, 30(7): 922—925.

KA, BRSLER, AL, A TE M IR R PR A
BEIRZ RABATAI]. WS4, 2005(1): 121—124.
GAO Yong-shuan, CHEN Li-qiang, GONG Sheng-kai, et
al. Failure Behavior of Thermal Barrier Coatings in Creep
Environment[J]. Acta Aeronautica Et Astronautica Sinica,
2005(1): 121—124.

STOUT J H, SHORES D A, GOEDIJEN J G, et al.
Stresses and Cracking of Oxide Scales[J]. Oxidation Met-
als, 1989, 120(1): 193—197.

ZHONG X, WANG Y, XU Z, et al, Influence of la-
ser-glazing on hot corrosion resistance of yttria-stabilized
zirconia TBC in molten salt mixture of V,0s; and
Na,SO4[J]. Mater and Corrosion, 2009, 60(11): 882—
888.

HEAESE, SRmilg, 5. PARELR)Z R SHLBRAN IT R 0],
TEHLE B2, 2012, 27(7): 680—686

HUA Jia-Jie, ZHANG Li-PENG, LIU Zi-Wei, et al.
Progress of Research on the Failure Mechanism of Ther-
mal Barrier Coatings[J]. Journal of Inorganic Materials,
2012, 27(7): 680—686.

YANAR N M, KIM G, HAMANO S, et al. Micro Struc-
tural Characterization of the Failures of Thermal Barrier
Coatings on Ni-base Superalloys[J]. Materials at High
Temperatures, 2003, 20: 495—506.



