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K, HAb2 o EE 1 FroR, HVOF % FRLRE 15~45 pm
A, APS KK 56~106 um #) K ; P& ZiEH
8%Y,0; 7€ ZrO, ¥y A, My AKLEE Y 11~125 pm. 2 fif
SERIFABE LR Z 2 ) B HVOF il 4 1 3 2 S5 MR 25 2
LI R 2 HVOF. L2 APS il 4 HI0UZ 5 KR 45 )2
VR & 2R APS AT & . Ak, TESHRMERZ
T, 20 K 2 Tl MR 28 S TBON 8 30 v AT B 25 B
B, N 1050 C, FRURETEIY 3 h, JF5 AR M 2 #
AL ER AR ST X LG, AFEPRESRERZES R 2
Fim o
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SJ-201 X 4 45 2 2% 1] KRS P2 R AT s AR L
A ARE HB 5476-91, K F Hi i it AN [FDIR 25 # s 3 )2
45 o B AT I . 70 R HVOFR A APS WU Kl &5
EHufk, FFHE4T 1050 C>3 h B HALEE, K E 2
Ab B IS BT B R ST O @6 mm>2 mm [ [E A,
F NETZSCH DIL 402 C # KA , i ik T AT 7~ 22 925
Kigh 2 = A 1100 C K R Bk A7 .

e KA44 Sl &S N0, T 210 mm>20 mm
W IERE, AT By S0V, T o i (o ) AT {8 A Ab 2
K 4 5 2008 B R0 T K2 2 A st THI P65 Rk &5 )= A

%1 CONICrAlY R IZM 5
Table 1 Chemical composition of CoNiCrAlY powders (&/%)
Ni Cr Al Y Co
31.4 21.94 8.7 0.59 Bal.

|

2o KRR BONB &S I, BT 24 h, £
A JEFRE ;B 5 A B T SRS
TR E TR A B R X AT A A SE S s A T B IR
HIRSERL, FESBEY INFAE 1050 C, fRim 45 AN [ o |
5, MBS EAN, FHEIERIE 5 A TR,
K ARIE A 200 ho 35070 B b K 5 2 1 P 2 4T B
oL, AT X AT MR I AR A . 0 E AR S
(AL SO0 BT BE, I SiC R ARAITRLAZ N 0.5 pm [ 4
I 36 B o B AT O . SR A SUPRA 55 375 Kk 4
FH B OB R 45 2 THE R SR B Ot R A
HEAT W SR Apreo 4 s 4 xR 45 J2 41 4L AT
EBSD M8, 4T bk 72 (1 20 2L AR L

2 GRS

2.1 BEEHENHERELNEN

LR &5 J2 RN RS 4 2 i 2 4H 23 43 il
la Al 1c fion, 5851 20 JEEEAE 40~50 pm YU [l A -
HVOF Hi4h = R HLZ IR HERR I RRAE, 340 oK 72 A 45 1k
W AT B BOIR A 2L, B & K& Rl R - (81T B
AL, T RALBE, FLERZEAA 0.3vol%, 5P
BEE AT RN, APS K4 R BRI FRALS S
FIORLTE 2% IR AR, 588 8 T AW IR A 4 2 Ak
Y. FLBR S IR 2, LB XA 3.0vol%,
G TWURALE E SR Z R RRE K. 2 M
Rk 24T 1050 C>3 h HAa#Ab G, AL
S 7R 18] 1b A1 1d s, HVOF R APS IR 1)
CoNiCrAlY fhgh E & it kb 2, #r i K E VR E
W p A GRIKEA ply BEREAE, KO SN B
D o B4 APS EfLIR . TR BIG R L E A, AL
B AR 1.46v01%, K2 APS 25 HVOF 257
T LT Tk o, I B 2 vh 4 B R 45 )2 R AR s il
MEY G, SR T ESEZ PG &44, HVOF K
SRR G LB B A KR, 408 0.27v01%,
BT # A BETE LS IREE R AT, R4 2T 2 ST R TR
A L 1) TGO,

F2 4AMARARBRIBUAT ERBLEIKTS

Table 2 Spray process and heat treatment for four types of thermal barrier coatings

Spray process of  Thickness of bond

Vacuum heat treatment of ~ Spray process of Thickness of top

Code bond coating coating/mm bond coating top coating coating/mm
1# HVOF 0.15~0.20
2# HVOF 0.15~0.20 1050 ‘C>3 h
3% HVOF 0.12-0.18 APS 0.30~0.35
APS 0.04~0.05
a4 HVOF 0.12~0.18 1050 ‘C>3 h

APS 0.04~0.05
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Fig.1 SEM images of the bond coatings: (a) 1#, (b) 2#, (c) 3#, and (d) 4#
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Fig.2 XRD patterns of the CoNiCrAlY coatings before and after

vacuum heat treatment
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rh A IR R AT L T Oxx A RPN 5

o; = E; AT Aa (D
Horb, o KIS 2B 2RI 7, NIm?; Ef kG4
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and XRD patterns of the bond coating (b)
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HEFE SRR, m? GTRMEA A ER, 6
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HH AN 0.1719 g/m? h, SEALERIEH] T HTAL S
76 1050 C%fF T4k 100 A1 200 h %1611
HVOF+APS 4 )2 X G 26 fiT it 1 w1 8] 5b fim . %4k
JE R 2 WIAR DL ply o dEdk, 453 100 h &AL, B
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SEE5EZEF M CE S E 6 frw . &R E K
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S AL I R TR R B R RS 5 2 SR T DA RORK 4 2 AL B
W TR T G R AL I AR o BB XK L ALO;
M, B IX IR L NIO. Cr,05 2R 4 b4k 12,
sk, Y SRR E T BT S Y K
Sy, X TGO & TATILIEREST, H o m&H
fE %0, 23t 100 h F ik, APS K&t 2 5 W& )2 2 1]
TR T BCNBUE M E KA, LRSS
XRD W) HH 45 16 b € 45 R A — 2.

20 pm

K6 FAEHALIL APS Kigs )z 4L 100 h ) EDS 38 2 4
Fig.6 SEM image (a) and corresponding EDS area scanning of the vacuum heat treated APS bond coating after 100 h oxidation: (b) Zr, () Y,

(d) O, (e) Ni, (f) Cr, and (g) Al
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£ 1050 ‘C 41 N A L i 7a~7¢ i,
MR MG A MZ 0 10 A1 100 h EALKIKE 45 2 SEM
LR B Kh45 )2 B HVOF JZ2H1 APS EM Ak, &0t B2
ALHR, KRGS R EIOL oy VSRR, TREL
IIATH/NI AT B AR, O TGO AE KRR E 1 Al T
S APS B p S R IEEIE, Al GERY HU%
PR, IR Z 5 10 h S04 (0 72 L 45 J2 /T 2 ST
FALBRHTE R TGO, B AHZ B4 #E . Bl AL 8]
MIEK, FouRiE—LRIRENTZE, HVOF 2
BT R AR, dkaR42 4t Al ST B TGO. &1t
100 h &tk, REMEEIRE HVOF EH g 4 HL
FEEREK, RSP, (HEM 100 h J5 & B AR S .
UeAh, AR APS EHh LG, SO, 1
BT RRAEYT HUNIER, R T AR E BRI TA
Rhe 7.

K7 AL E AL g R 2
Fig.7  Microstructures of the bond coating after oxidizing for
different time: (a) 0 h, (b) 10 h, and (c) 100 h
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Fig. 8 Grain boundaries networks topology (a, d), inverse pole figures (b, €) and distribution of equivalent circle diameter (c, f) for the

vacuum heat treated bond coating before (a~c) and after (d~f) 100 h oxidation
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Fig.9 Schematic diagrams of the oxidation mechanism of the bond coatings prepared by APS+HVOF and HVOF
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Oxidation Resistance of Thermal Barrier Coating with Vacuum Heat
Treated Double-Layer Bond Coating

Gao Minghao, Luan Shengjia, Xu Na, Zhou Tianyi, Chang Hui, Zhu Hongbo, Zhang Jia,
Hou Wanliang, Chang Xinchun
(Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: The lifetime of traditional thermal barrier coating with one layer bond coating is limited by the insufficient oxidation resistance.
A thermal barrier coating with a double-layer bond coating was prepared by HVOF and APS. Vacuum heat treatment was carried out prior
to the top coating. Oxidation resistance of the thermal barrier coating was researched. The results show that the content of g-(Co, Ni)Al
phase increases from 13.91% to 27.78% after 1050 °Cx3 h vacuum heat treatment, and the distribution is more homogeneous. The
roughness of HVOF sprayed bond coating is decreased by vacuum heat treatment. The roughness of vacuum heat treated bond coating
increases from 7.2 um to 10.4 um by the introduction of APS layer, and the bonding strength of thermal barrier coating is up to 39.4 MPa.
The mass gain rate of thermal barrier coating is 0.1719 g/m? h after oxidizing at 1050 °C for 200 h, which is consistent with antioxidant
level of aviation industry standard. The bond coating sprayed by APS is sacrificed to oxidize prior to HVOF layer. The stress tolerance of
bond coating/top coating interface is improved, and the lifetime will be extended.
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