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Table 1 Main components of substrate DD90 single crystal £ DC-EHS40-40/15 258 ML A #2417, 1200 C fR i

superalloy (w/%)

Co Cr Al Ta W Mo Re Hf Ni
112 3.0 5.8 7.9 5.9 1.0 4.9 0.1 Bal

R2 HMEERMBEERS
Table2 Main components of bond layer materials (/%)
Material Co Cr Al Y Ta Ni

NiCrAlY <0.1 250 518 046 Bal.
NiCoCrAlTaY 248 1987 814 061 397 Bal.
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Fig.1 Microstructures of as-sprayed coatings: (a) YSZ coating; (b) MSZ coating; (c) interdiffusion zone between the bond layer and substrate

—=—YSZ
351 —e— MSZ

gS.O -
25|
.% 20}
g 15}
<
=1.0¢
0.5

0 20 40 60 80 100
Time, t/h
B2 YSZiRZEM MSZ )2 1150 ‘C4 4k 100 h 3 = i 2%
Fig.2 Mass gain curves of YSZ coating and MSZ coating oxidized
at 1150 C for 100 h

100 h [ I E 2k . 2 FlikE 8 EER S I LN
#, MSZ BRZAMWEHEE/NT YSZ iR)ZE. ERMLIR
WA, TR E &R MR USSR K
AU (TGO 2, FrLlEMsbEEd. RELITKE
AACSETERG S Z B e S TGO, IEFE LR
B, A RS, 20 100 h f5, YSZ iREF MSZ
B EIEACE SR N 235 0.092 F10.056 g {m? ), )
KB e AU EALARE . MSZ W2 T G YR B 24
HUAR Zr* 7 A S s A R SBT3, 5 ZrO, i R A=
W5AZ, FHAS OF7E ISy BOE R, Ut R BNAKS 21
BRI, BETURAER R,

X MSZ i J2= S A 8 1S RS 45 )= B A HEAT



#1241

AR Y74 DDO H i ey i 13 B AR R A S T e

* 4357 -

EDS s R&HM ., FEuR MG WE 3 Fr
o Bl 3a AMHRBIRZETLE MG, Hr Cr. Co. Nijt
RIEME 2 55 2 MR EZ R BR, TR IR
s, AL REY, Cro Al JTE HIKGSE 2 3R
HL Niv Co. Taw W S JC R HIEAR MR 28, 1
Kigs 2 P AR EY #UX (IDZ) Xik. @ 3b fr
N, £ 100 h Ak, RS 25 R 1] T 3R IR BER B R
N, TERETERBET .
2.3 &R 1200 CHRBEIFIXIE

4 220k 250 IRBIEIM G YSZ IRJZHM MSZ 1R )2

XRD Kk . YSZ 2RI 1 J5 1 AH 58 4% B AR A DU 77 4H
(t) il MSZ BRI HTEAHE LM (o) FPUTs
A (O AR 7E 1200 CREHRL G, 2 FiREAK
AR, BRI E .
5 NZeid 1200 CHIEINE 2 MR)ZE I R 2,
250 RIE IR J5 LERG 45 2N & = 2 1R R B 2 /) TGO
2, P& ERALBREA BT N, Hb YSZ B E LI
i1 12.03% FFEF] 7.31%, MSZ Fg&ZHIfLE %t
13.77% T B3] 9.29%, iIX X ] MSZ i) HIHtke 4 e i
T YSZ RE. MEERAERE S FEMNTHT & UL

90f—nNi—co a

0] S

70f
60f
50f
401
30f
20f
10f
0-1

W | NiCrAlY
Substrate

NiCoCrAlY

Element Content, «w/%

Distance/um

100 150 200 250 300

90f—nNi—co b
—A—ocC

801 —Ta \I\;I . ,

70T NiCoCrAlY I NiCrAlY 'IDz, Substrate

60} | \

50 ! =

a0} : Lo

30} : L

20F X [

10

of i T

0 50 100 150 200 250 300

Distance/um

3 MSZ HIZEAM WIS AT J5 k45 /= B2 M4 1) EDS JTRZ AT

Fig.3 EDS element line scanning results from bond layer to substrate of MSZ coating before (a) and after oxidation for 100 h (b)
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Fig.6 YSZ coating microstructure and EDS element mappings of the frame zone
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Oxidation Resistance and Thermal Cycling Properties of Thermal Barrier Coatings for
DD90 Single Crystal Superalloy

Wang Junzhe, Gao Minghao, Xu Na, Chang Hui, Cui Fengjing, Luan Shengjia, Jia Bowen, Zhang Jia, Chang Xinchun
(Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: Thermal barrier coatings were deposited on the third generation single crystal superalloy DD90. NiCrAlY+NiCoCrAlTaY double-layer
bond coatings were prepared by high velocity oxy-fuel spray (HVOF). The ceramic layers of YSZ and MSZ/YSZ structures were prepared by
atmospheric plasma spray (APS) technique. The oxidation resistance test results at 1150 °C show that the mass gain of YSZ coatings is
significantly higher than that of the MSZ coating. After 250 thermal cycles at 1200 °C, no obvious phase transition occurs in the two coatings and
the sintering resistance of the MSZ coating is improved. TGO of the two coatings mainly consists of Al,Osand a small number of mixed oxides of
spinel structure. The double-layer bond layer reduces the diffusion of Al element into the substrate, whereas the concentration gradient diffusion of
Cr element leads to the precipitation of topological close-packed (tcp) phases and the increase in the depth of secondary reaction zone (SRZ).

Key words: single crystal superalloy; thermal barrier coating; oxidation resistance; thermal cycle; HVOF; APS
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