T 143569

AundeuRINANNSouFszneudasRndeusuvuiidiuiagasilin (2r0-Y,0,) uazin
1AABUFU Bondcoat NiJuTanzwauiiey (MCralY (dis M fin Ni uaz/m3o Co) gmimundou
vusuawen i usuiunudounazauduniunisesndiaty  Taunsvesudu
oqiiiuueen laANius NI BURBIEMITIRUAAD LINDYLADMTDONFATUYDITUNY Huninn
Y o A; fo o O . :; 3/ as - B . ¢ A a -; 1a a
l¥runTessudnmiumaludinildugungiige uadreonladidufimadulidiadosam
A re wa Y] o 1 aad ' ya -~ a - a1
wie luliguauialunisdumunisdanseunianizdanalifiundoudannudomos 13y
a a LY a’a o a L) A 3 o~ & o O
MunusRtuidms 1w anuEonisvesRnasuauuamdsuvo luwadiuf a1
o o Y o a ag v o
Augandnlyaumdszna 14000 ¥ IuafgungiFugagayszina 1200 °C wumsgay
@oogiitisunysnulndiusesaoszninfiundoy dmuSnui inumsgydvegiitisumsed
IS % ' o . v v e O <t o a o t
nisgaiforiovsznuiia Alrich Fwwazdumsvealunanaiufalinsgudvogiidion
Y o a ' a a o aa ] a - = v
mitu TaoduliygunSunueglitiouniiegluAundoy bondcoat ganfulylunisvasumer
. [ t 4 o N\ ° a @ a a ' VA
Alrich S lmusauns Yuldadaldueenlad 18 il e lidioufinaoeg liifivane
¢ o AR & 4 s ' a o 1% %
unisdesugusenledirldsigduresudiuoenladunu 15u finifaoenled lavead
7 U 4 2 [} @ [ Y
son lrataznguyetenn o (Spinel) 1 lulinnwannsolumsdumumsianseunasdies
A v Yy Y 2 a Y a a ta - < ; A v
Hugasuduvessesuanlddndroiafinaldidaanudonousinndou§ ¥y ol

Aatlioalulnssaddundoy Bondcoat AN YSuIugHTUUUUADIIBY (Interconnected pores)

¢ Y o o awo ' a /o /e ¥
llﬂ:@ﬂﬂ1°§ﬂlﬂuﬂulﬁﬂﬂ]ﬂﬂfn‘\lﬂ‘“'ﬂﬂfﬂillWi'\laQOQUluUU‘luﬂ'ﬁﬂasU%u@ﬁﬂ1mﬂ"‘ﬂﬁﬁ’]ﬂ

P 1 7 % S = Y aa R &
aua”]lﬂiﬂllw?ﬂlu'h_lﬂﬂsUlﬂuaﬂﬂ.quﬂ VINUUIIDINUVUMINAGBIAIUIS Full Factonal 1oa

iy

a a = a [ a g o
aNsHAYD NS IS N 1T lumswumdoudoamaaunazidaandennus1gafilinano
a a < * ' qa a
YSmnmgnguuazesnloalulaseadiedindoy Bondcoat FIMuwuIRHINwAAoUTiONIHA

aodSinugnsunazeon ladwuinigaud nihduanulnaaouniseengiaduiiguvgii 1100 °C

L “
»

U < o } 4 =1 t [ 2 <« < 4 o
WS ngunazeon lad luTassadalinaronuanyuziaznisves usuoen ladueain
- a _a P Y a < S a s W sy A '
wasy MswaarRundoudoaandnnuEIgeFailiinugniuuazoen ladvsoiigaaztiu
WRunfousuruanudouiiognisldauuuiga

)

w : Auadounuluaudsw/Msoandatwmsrumioudlsnalnudownisvans

e
p—
o
-
e

<

. a 4 =
TOW/NITAUATIEHANUITUYY



Abstract
TE 143569
Thermal Barrier Coating (TBC). consisting of a ceramic topcoat (ZrO,-Y,0,) and a metallic
vondcoat MCrAlY (where M = Ni and/or Co). is applied on to component surfaces to provide a
thermal barrier and an oxidation resistance for the components in order to protect against high
temperature oxidation. Most applications are used in high temperature sections of gas turbine
engine. During service, an Al,O; scale is formed between the bondcoat and the topcoat, which
protects the component from further oxidation. If the oxide film does not possess a good structural
stability or does not have a good protective behaviour. it will lead to premature damage or failure of

the coatings and the components.

The thesis investigated the failure of the TBC used on a high pressure turbine blade (HPT) after it
has been in 14000 hours service at maximum temperature of about 1200 °C. The result showed that
Al depletion had occurred in the bondcoat adjacent to the bondcoat/topcoat interface. The degree of
Al depletion varied throughout the TBC on the turbine blade. In the area where Al depletion had not
been identified, precipitations of an Al-rich phase were detected. Large amount of the Al was
contained within the Al-rich phase, leaving only a small amount of Al in the surrounding matrix.
The assumption was made that the Al content in the bondcoat diffuses to form the Al-rich phase,
causing the remaining Al to be insufficient to form a protective oxide film between

bondcoat/topcoat interface. Therefore, other oxides were formed. The formation of other oxides,

their non-protective property such as NiO. CoO and oxide spinels as the bondcoat oxidation
products would accelerate the failure of TBC due to interconnected porosity and internal oxide
within the bondcoat are also responsible for the Al diffusion blockage during service. In the second
part of the thesis. a Design of Experniment was carried out utilising a Full Factonal technique to
select the optimum parameters for air plasma spraying (APS) and high velocity oxy fuel (HVOF)
process. The result clearly revealed that the discontinuities within the bondcoat are significantly
influenced by the particle size of the coating powder. The oxidation test was then performed by
oxidising the TBC samples at 1100 °Cin atmospheric furnace. The oxidation result showed that the
discontinuities control characteristic and oxidation behaviour of the thermal-grown oxide layers.
The coatings produced by HVOF technique, which have a small amount of porosity and a low oxide

content will prolong the life of the coating.
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