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Abstract

Failure mechanisms of electron beam physical vapor deposited thermal barrier coatings(EB-PVD TBCs)
that occur during thermal cyclic oxidation were investigated. The investigations include microstructural deg-
radation of NiCrAlY bond coat, thermally grown oxides(TGOs) along the ceramic top coat-substrate interface
and fracture path within TBCs. The microstructural degradation of the bond coat during cyclic oxidation
created Al depleted zones, resulting in reduction of NiAl and y-Ni solid solution phase. It was observed
that the fracture took placed primarily within the TGOs or at the interfaces between TGOs and bond coat.
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NiCrAlY Hg=" 3 AgtgEdes 744 27§
Z9 A ZES 2709 15kWS transverse type
o] AAFo] AR XF FAFA A o3| wHEo
Hom, 2L Qg o FAHAXAL E 19 e
U Aok ZAE4-2 Inco718 Z = (superalloy)©]
B, 30 mm(A7A)X 5 mm(EA) 2719 B oz
ZH)8k] F3 Aol E% (annealing) & XA
At 2R 2490 AEg=E 9 top Algel =ZE
< Z&317] 95k Ni-22Cr-10Al-1Y(wt.%) FA1<]
S Zr0,-8wt.%Y,0; 249 FH(ingot)7} AHE-
HA Y-S S &, AR $HES
HaXa aadae] ddEs =457 H6t
o, XNFEL7]IA &4t EF(annealing) A2 &
850°Coll A 4A17F&<t =33l Tl ZrO,-8wt.%Y,0;,
MFAZEL ZATE = Zo Ak FA t‘Z:g].;ﬂ
7] wjFol], 600°Ce] F71 FolA A7 Bt F
A2 =AU
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Table 1. Process parameters used for EB-PVD thermal
barrier coatings

Conditions
Emission current 250 mA
Voltage 10KV
Distance between substrate

Deposition parameters

120 mm
and evaporator
Angle between substrate 0°
and evaporator
Specimen temperature 700°C
Chamber temperature 300°C

less than 3 x 107 torr
150 min (bond coat),

220 min. (top ceramic coat)

Working pressure

Deposition time
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dald| e dukd oz dogMtsk(thermal cyclic
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Mo Azbezeo] setsle] WolA vges
A, 2 715E ddsiA "o B dFodA s
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HE371e st AFET ARSI AAE
utag 7k AR E AT EEENSIAEeA 157 =

25°CoA 1150°C7FA] 7HE 3= 108, 1150°ColA
4057 5278 1El2 1150°CellA] 25°C7HA] W
Zabed 108S T3 F 600l L FHAUT
s S F 5005771 7HA] Yetezon,
t2go] nAFx Welel datd e U s
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ot &, AEE F 7P P8eta A2 W Aksid o)
T8 ALO; Atgt=Eo] ALAH R AGHA 1]
st HrE" oM AlS F83] 378 & A
= HAAERE FASIA ok gtk NiCrAlY H =
g oA Al F5T § JE 2 NiAl AolH,
o] Aol AYHW ALO; WA 2 AEHENIO,
Cr,0; 2 spinels 5)S°] AASHA Hr} weh B
Ao F4823IA1E E<F NiCrAlY A=
o] mlAlFZx ¥W3E AT 28 1-4% 0, 50,
150 2 500 F7]9] EisAd F<t Inco716
2<% 9o 2 NiCrAly "= " e v)AH+

Fig. 1. Cross sectional optical image of NiCrAlY bond
coat before cyclic oxidation test.
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Fig. 2. Cross sectional optical image of NiCrAlY bond
coat after 50 hour-oxidation test.

Fig. 3. Cross sectional optical image of NiCrAlY bond
coat after 150 hour-oxidation test.

Fig. 4. Cross sectional optical image of NiCrAlY bond
coat after 500 hour-oxidation test.
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Fig. 5. Decrease in thickness of the two phase region
as function of oxidation time.
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A B-NiAl o] I & ol
2 %Zwl—t— etole Alo] Adelzog 4tstF o]
ALO; AFsHEo] SFgA o g HAE 4 lovt, NiAl
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toughness)®] %<& NiO, Cr,0; ¥ spinels 5-2] 4Fsh
Eol AAEA & Zoltp"?, AEH oz HFHH

elld Al ShrEe ZHaAA NiAl el 4] Al
kol FrhstAl HW, dAFEE ] £HS A
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=29 £ P 98 AN MCrAlY HE=
9 el NiAl & f1 ARbE S7HA7171 #lsked
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of ojsle] Wald & Sk AP FA o
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Fig. 6. Top ceramic coating of EB-PVD TBC before
oxidation test.
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Fig. 7. Cross sectional SEM image of EB-PVD TBC
before oxidation test.

Fig. 8. Top ceramic coating of EB=PVD TBC after 150
hour-oxidation test.

Fig. 9. Cross sectional SEM image of EB-PVD TBC
after 150 hour oxidation test.
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., EHE Ak Aolol] WAE Aoz R,
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Fig. 10. Cross section SEM images of EB-PVD TBC

after 500 hour oxidation test. < 7 |
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