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Abstract : Thermal barrier coatings(TBCs) with good excellent thermal insulation property, are widely
used in advanced gas turbines to protect the alloy substrate from the high temperature and improve its
working life. Because of working in the high temperature, TBCs will bear the thermal fatigue and some
other environmental damage. These will result in surface cracks or the interface cracks in the TC/Sub
interface. Then the substrate will expose in the high temperature environment and shorten the service life.
So investigating the structure of thermal barrier coatings under thermal loads is extremely important. In
this paper, we conduct experiments about the coating which suffer the temperature in the different time.
We can conclude that the thickness of thermal grown oxidation (TGO), which is mainly the aluminum
(Al) oxide, follows the oxidation Kkinetic curve. Then we conduct a nano—indentation experiment on the
samples, and found that the modulus and hardness of the coating will increase and come to stability as time
increases.
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Fig.1 EDS analysis at the TC/BC interface before and after high temperature oxidation
(A)and(a) before high temperature oxidation(B)and(b) after high temperature oxidation of 180h
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Fig.2 Changes of TGO with high temperature oxidation time
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Fig.3 Relationship of oxidation time and thickness of TGO
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Fig.4 Indentation test results of surface of thermal barrier coatings with different oxidation times
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Fig.5 Variation of the modulus of elasticity and hardness
at the surface of thermal barrier coatings

PRI MU TR A e IR S B 4 28, L SRR 3 ThT A F
U P A2 AT AMIE S A 7 A3,
A5 50 by I T A T Y 1 BRI 2 B R AR, X )

()350 350
a 0h 5h ot
3001 S )
——
250’ 250,
© L o L
& 200 £
2 1500 2 1501
100F 100 100-
sof sol s0f
of of e of
0 200 400 600 800 1000 0200 G0 800 1000 0 200 400 60 800 1000

displacement,/nm

displacement,/nm

displacement/nm

Bl6  AFEAET g Z N R IR 4G (o) #MERE (b)) REE
Fig.6 Indentation test results of surface of thermal barrier coatings with different oxidation times
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Fig.7 Variation of the modulus of elasticity and hardness
at the side of the thermal barrier coating
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(E. H and ET. HT represent the coating surface and the side elastic modulus and hardness)

3 % i#

=H

FSE T B 2 A LU 25 1 B
e, ARSI IETFRE X S RERABTL (EDS)
HER T UMM, S8 90K RS 50T T e
IR 5 SRR 0 R

(1) i@ EDS AT A1 AVE KA (TGO) &
TSN ALK ALY, FOSCHR R S ie— B IR R
TGO JRERIIH IFLAH KW, 4 €5 a2 i 2
(HUHIZR) MU (B %5 TGO FREE, t T,

SE

[ 1] Xie L,JJordan E H,Padture N P,et al.Phase and
microstructural stability of solution precursor plasma
sprayed thermal barrier coatings[J].Materials Science
& Engineering A,2004,381(1-2):189—-195.

Belmonte M.Advanced ceramic materials for high
temperature applications[J].Advanced Engineering
Materials,2006,8(8):693—703.

Clarke D R,Oechsner M,Padture N P.Thermal-
Barrier Coatings for More Efficient Gas—Turbine
Engines[J].Bulletin of Materials Research Society
Bulletin,2012,37(10):891—-898.

g IR IZAE M. JUaT - Bl et ,2007.

gk, KT, AL, A L Rab s TN S I R 24 R
RPN E T 1. TPEPE £ ,2017,53(01):50-54.

[ 61 Bh@in, Bioe, th -, &5 . S 5 T ph B AR 21
PULHGENERE [J]. &)@ #AbBE ,2015,40(07):176-179.
[ 71 Patel N V,Jordan E H,Sridharan S,et al.Cyclic

12. | s E % | CHINA, CERAMICS | 2020 (56) 4. 7 #

(2) 3 2 Xk A () SR IR 15 £ K B 34 J 2 o it ) 6 T
AT HEAT 2K BRI S B, A BRI 2 B Sk A el
JRE Fiff 5 v i A BRI ol R ) ) SO I, e iR A A
20 hJ BB IR 2 K SRR i 151.8 GPa A8
222 GPa, MEPEH 11 GPaZZhy 16.1 GPa, 3K IF & i
K520 h DUSETRE, TR)Z MR s s KA 30
MPa (g, ARG 2 GPa (7424, F HRTEH
DI BE 1 4% i S PR PR A

furnace testing and life predictions of thermal
barrier coating spallation subject to a step change
in temperature or in cycle duration[J].Surface &
Coatings Technology,2015,275:384-391.

XNHEFS , L, BT4e, 45 . 4K YSZ # R 2  TGOs
ERAERAT N U] &8 b ,2019,44(10):173-176.

Wen M,ordan E H,Gell M.Effect of temperature
on rumpling and thermally grown oxide stress in
an EB-PVD thermal barrier coating[J].Surface &
Coatings Technology,2006,201(6):3289—3298.

IR IRBUR BT IS B TR YSZ/GZ AR IR 2 1
Sl S VEREDEE D] T EI P % ,2016,52(03):82-87.
Sridharan S,Xie L,Jordan E H.et al.Stress variation

[9]

[10]

[11]
with thermal cycling in the thermally grown oxide
of an EB-PVD thermal barrier coatinglJ].Surface &
Coatings Technology,2004,179(2—3):286—296.

[12] Li X N,Liang L H,Xie J J,et al.Thickness—



rp [ [ 2020 55 7 HB

[13]

[14]

[15]

[16]

[17]

dependent fracture characteristics of ceramic coatings
bonded on the alloy substrates[J].Surface & Coatings
Technology,2014,258:1039-1047.

Zhou Y C,Tonomori T,Yoshida A,et al.Fracture
characteristics of thermal barrier coatings after tensile
and bending tests[J].Surface & Coatings Technology,
2002,157(2-3):118—127.

Liu H.,Liang L,Wang Y.et al.Fracture characteristics
and damage evolution of coating cystems under
cour—point cending[J].International Journal of Applied
Ceramic Technology,2016,13(6):1043—-1052.

Ray A K,Roy N,Godiwalla K M.Crack propagation
studies and bond coat properties in thermal barrier
coatings under bending[J].Bulletin of Materials
Science,2001,24(2):203-209.

Nijdam,T.J.,et al.On the Microstructure of the
initial oxidegrown by controlled annealing and
oxidation on a Ni Co Cr Al Y bond coating[J].
Oxidation of Metals,2005.64(5/6):355-377.

Jirgen M.,Isabel E,Rol H.,et al.Determination of the

[18]

[19]

[20]

[21]

[22]

fracture toughness of thermally grown oxide (TGO)
in a thermal barrier system[J].Responsibility of
International Organizations,2005:303-312.

Zhu D,Miller R A.Sintering and creep behavior of
plasma-sprayed zirconia— and hafnia—based thermal
barrier coatings[J].Surface & Coatings Technology,
1998,s 108—109(1):114-120.

Lorenzoni L,Ahmaniemi S.Studies of the sintering
kinetics of thick thermal barrier coatings by thermal
diffusivity measurements[J].Journal of the European
Ceramic Society,2005,25(4):393-400.

Zhu D,Miller R A.Sintering and creep behavior of
plasma-sprayed zirconia—and hafnia—based thermal
barrier coatings[J].Surface & Coatings Technology,
1998,5108—109(1):114—-120.

e W BRI, AT . LRI (M), Jent:
rH I Tl A ,1992.

SIS AR, FRA . AUK IR ENNA Ak iR 2
77 % VA8 [T). B 4k K 56 (4 B 3 i ),2018,54(07):483~
486+491.

HrE P % | CHINA CERAMICS | 2020 (56). &5 7 # | 13



