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ABSTRACT: The work aims to improve the high temperature oxidation resistance of thermal barrier coatings. NiCoCrAlY
bond coats with different structures were prepared by detonation spraying (DS) and air plasma spraying (APS). Then, 8YSZ
ceramic coatings was prepared by APS to analyze the high temperature oxidation resistance of thermal barrier coatings on bond

coats with two different structures. The phase composition, microstructure and chemical composition of coatings were analyzed
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by X-ray diffraction, scanning electronic microscopy and energy disperse spectroscopy. The interfaces between the coatings and

substrate and high temperature oxidation resistance of TBCs were investigated. DS-bond coat was dense and uniform and had

less internal defects and interfacial pores with substrate, while the APS-bond coat presented more pores and low surface

roughness and apparently exhibited a layered structure. A layer of Al,O;-rich oxide was formed on the surface of DS-bond coat

after oxidation for 5 hours, while a layer of mix oxides (e.g. NiO, CoO, Cr,0; and Ni(Cr,Al),0,) was formed on the surface of

APS-bond coat. Additionally, a number of micro cracks and layered oxides were found in the APS-bond coat. The weight gain

of DS thermal barrier coating sample was faster than that of the APS sample in the first 5 hours oxidation and then became

slowly, while the APS thermal barrier coating sample still showed high oxidation rate. Thermally grown oxide (TGO) of

detonation sprayed coating still remained uniform oxide layer after 50 h oxidation. TGO layer closed to bond coat had less oxide

defect. The bond coat of detonation sprayed coating has uniform and dense structure, thus preventing the oxidation during

spraying and inner-oxidation during heat treatment, and promoting the formation of a dense Al,O; layer. Finally, the diffusion

between oxygen and metal atom is suppressed and the high temperature oxidation resistance of TBCs is improved dramatically.

KEY WORDS: thermal barrier coatings; detonation spraying; plasma spraying; thermal growth oxide

MRV )Z ( Thermal barrier coatings, TBCs ) #%)
12 I T2 2 s bl B BRI s T B s R v
PRI S 32 S R AR, DI SN 4 SR 1 {2
Pl B v 238 R LA B AR B P T 2 R
PRAF il A A SR AR 1 A5 25 )2 ( Bond Coat, BC ) 14
Ao AGZEZ AT RRE # A MCrAlY(M=Ni, Co. NiCo),
L A b R v S A B 2 5 R 2 2 LT AS ] kA
T iR K E AL 2 ( Thermally grown oxide, TGO ),
# TGO JZ R B H LAY a-ALO; #4523 07tk FH &
SRR RIS, AR R E b R A AR

SR, MALZE 2 Al JCE BTN FE, JREBIX
B2 ¥ NiO . Ni(Cr,Al),0, FI(Cr,Al),05 &k,
NiO B4 KR a-ALO; BE( BA B8 L IR ET)
ARGERER 3 A%, BORE I B v 2 0 R 7 R A
Ni(Cr,A),0, JE—FE A MR AR A, EKil
PR A R R B MO AR B K, R R K A
LB RN S ET, FERGZE)Z 5 &I )Z kA3
B, BRINEIRIZRS . MR EY], TGO EMsr.
JEL R SR P E 2 YSZ/BC B AL Y R ) R/ INF
A, RS ZE 2 45 T2 BE 0 35 R i g 4y, g ok
FE TGO HYEKAFAET2

FIAT, PERRERZEZM & T2 E 2wt |
RSB PR B JOams TR Ao B FmeiRt
HR AU 2 A5 R R TRl 2 A BRI il 48 T2, X F
TR 24T BE )2 Y DT FC R 3% AR B AR 1 3 ) A
B, Li HMORAIABOR-FE FHOR T EH & T
NiCoCrAlY+YSZ &2, FIAFEWAAIT 2, HR1F
TRFEIYIMEEF ) TGO J2, KB mivk T 24
RSS2 A RS HS, TGO MELR AL
W, HPIER AL TGO 2. MR &BR T
JE A BT BOR RIS FWURTE K4169 JEK 1
% NiCoCrAlYTa Kih)Z2, Z5RFEMW, LH%EFmt
TRIRG 25 2 2N 80% B S A%, R B R
TR 2L BRI B i 3, L A i IR LR )2 1

Préafettfe2s . i WSS HVOF R4 5 TR
45 NiCrAlY KiZhZ, Wik, #idfift HVOF
WR T 2S5, il & 80% A A mE R m R4 2,
BRI Z AR TS S YSZ WRIZMEE6
TBC HiHuE e

FF I, A BB S5 T DR AR KRR I
PERRR S 2 P s R A L YERE , it — 2SR 2
W ARAE 754 o H AT 12 0 v i LA S SAE ik
SARE, BB A RE R R =, AT L % TR )22
SR 2k AR AR B AR AR B U B AR
WAL TG 5T, Hfl A R b AR FE AR
K, TCEEMH TR N T A . A EL S milR .
K IABTR , MR VEWETR DAAARR () S A3 R I 7 = s
WHRA, AR AR 1) A TR e vl 3k 1200 mys,
If HAREmS R R h & B R IR AR, 48 S AL TR
AN, RRNBUERE (FLBURAMRE 1%UN ) 454
SRR PEE 1R, AR T A R LR R AL 45 2 A
R H: B AR ARAE BRI 2R 48 2 H 25 Sz W H

AR SCR PRV VE WU A A5 B TR T 248 NiCo-
CrAlY KiZ5 )2, 2 BIARAS IR AR S5 4 R 45 2, OF
% T A A FL B 245 4 %o A s U U2 21 4 v iR R o
TGO ZHIEAL . Pim i E et RE Ry M, X2 5 ik
B2 PR AL Re . Ay . L T
P EA EEE X

1 SCI§

11 XWMBSREH&

SCERHAS 3108 Tt AN (0Cr25Ni20 ),
IAER ST 10 mmx10 mmx10 mm, WEERHIRA 20
H NI 0 e bp 26 A TR AL Ab 30 . 4 @ A 45 )2 4
KK NiCoCrAlY &4 K ( Amdry 365-2, Sulzer
Metco ), HAbZ2zZsrangk 1 frgl, BMiARES WA 1a



F4a8E £l

2R NiCoCrAlY Mg R IR T AR 8YSZ iR )2 i S AL HERE AR - 265 -

Fi, MARRRIE, FAESMIEESN 35~75 um. M
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% 1 NiCoCrAlY # kB S E K
Tab.1 Chemical composition of the NiCoCrAlY powder

wt.%
Element Co Cr Al Y Ni
Content 23 17 12 0.5 Bal.

a NiCoCrAlY

Bl 1 NiCoCrAlY 1 8YSZ ¥ AL #i
Fig.1 SEM images of NiCoCrAlY powder and 8YSZ powder

b 8YSZ

K2 BUEBLRSH

Tab.2 Parameters of detonation spraying

CH, : O, Diameter of spot/mm Frequency/(shot-s™) Feed rate/(g-min™") Spray distance/mm
1:13 20 5 15 150
R3 EETHARSH
Tab.3 Parameters of atmospheric plasma spraying
Primary gas, Ar Secondary gas, H, T Spray

Sample Voltage/V ~ Current/A (L-min ) (L-min 1) Feed rate/(g-min ") distance/mm

APS-B 130 380 110 30 70 195
DS-APS-C 160 410 120 40 50 180
APS-APS-C 160 410 120 40 50 180
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Fig.2 Surface morphologies of NiCoCrAlY bond coats: a) surface of DS bond coat; b) surface of APS bond coat
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Fig.3 Porosity and surface roughness of NiCoCrAlY bond coats
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Fig.4 Cross-sectional microstructure of NiCoCrAlY bond coats: a) cross section of DS bond coat; b) cross section of DS bond
coat at high magnification; c) cross section of APS bond coat; d) cross section of APS bond coat at high magnification
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B 7 Fr7s i NiCoCrAlY fh45/24 1150 'C. 5 h
FALJE R EITIE S . E AL P RORG 45 2 09 38 i S0k
Ré, M APS K4k )2 3% LA e 1R 22 0k RT3 R )

EALY (W Te ), BB A B, WIRIRSS 2 4 Substrate B
TR AR ALY (AL 7o RIE 7d), 2500 | g 50 um
1 0-ALO; (553CHR[211FF LI AAL B 5 — 0, T
Hovt DS K45 ZAR Y B it . EDS 3Hrk W], DS 6 8YSZ BB AR Lt

RgE AR, R Al O JLR &R T APS A%k Fig.6 Cross-sectional microstructure of 8YSZ TBCs: a) cross
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Fig.7 Surface morphologies of NiCoCrAlY bond coat after oxidation at 1150 °C for 5 h: a) surface of DS bond coat; b) surface
of DS bond coat at high magnification; c) surface of APS bond coat; d) surface of APS bond coat at high magnification
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ALO; T /? Eﬁﬁ*ﬁjﬁﬁiﬁﬁﬁﬁ; Ej,g 4LA ’ E&ﬂﬂcf: NiCoCrAlY powder bond coats after oxidation
Prb O S, Ui ALO; R . Al SRR at 1150 °C for5h
REIIL T HALITTR , HREAERTFMT, AAS T wt.%
4, Al JTRTERME R NIE R ALO; MIFEIRY, Ni, Co. Sample ) Al Ni Cr Co
Sfe — N =Y . .
Cr #AE%K /j%&)ﬁﬁ_\iﬁiﬁi Ni(Cr,A);04. (Cr,Al1),05. 0SB 29 37 152 73 o
NiO 554 F AW .

. APS-B 26.6 30.4 20.1 11.1 11.7
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ToESe L MR e L o
Interface crack 7 : s . e 4
i Lo X SOpm | Interface crack - 50pm
a DSKiZZ B0 b APSH:ZJZ B

Bl 8 NiCoCrAlY %5248 1150 C . 5 h b5 #4124
Fig.8 Cross-sectional microstructure of the as-sprayed NiCoCrAlY bond coats after oxidation at
1150 ‘C for 50 h: a) cross section of DS bond coat; b) cross section of APS bond coat
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Fig.9 XRD patterns of NiCrAlY bond coats after
oxidation at 1150 ‘C for5h
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Fig.10 Cross-section structure (a—d) and element distribution in corresponding micro-area
(e—h) of 8YSZ thermal barrier coatings oxidized at 1150 C for 50 h
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Tab.5 Chemical composition of micro areas on the bond
coats and ceramic coats after oxidation at 1150 C for 50 h
wt.%
Area (0] Al Ni Cr Co Zr Y
A 38.2 45.1 5.3 4.0 5.9 1.4 0.1
B 26.5 31.8 11.7 147 139 1.3 0.1
C 0 53 446 217 284 O 0
D 0 5.0 404 248 298 0 0
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Fig.11 Oxidation kinetics curve of the DS-APS-C and
APS-APS-C TBCs at 1150 C
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