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W OE. W T YAG/8YSZ WM %N 8YSZ B M e A1 244 2R I En i B AL i

KA EKES R (D-GUN) 1E

3108 M AN T LR 452 (NiCoCrAlY), HKRAEE FHUR (APS) 2l ek 45 2 A L4 YAG/8YSZ X
Wi FN 8YSZ PRF KE MR =, KM SEM A1 XRD 3 HT ik 2 A0 RT G BT S5 3R TS 1R, XS LLWF T 2 bR 2 R 78

1100 “CAEIR A R I ) J5 R AL TS 5% . YAG B B2 WO 450 5 A & TGO A R R ZE K8l ) 2.

Bl, YAG Fg&J24E 1100 CE 4L 200 h J5 W ¢
AL R AR R A T AT 1.7 £,
A, I B A B e i AU R

IR RRRZ: A APS: TGO: YAG
HESENES: TG174.442 SCERARIRAD: A
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WA KBRS, LR A FK: YAG/8YSZ WM % )21k R % 8YSZ
TGO ERKHRFFL 1.4 5, Kigh )2 S-NIAL A FEE 5 K SR S A Ko
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¥R JE (thermal barrier coatings, TBCs) #{ W F
TR N ER S AE, A S n] AR Bl R
FEJE I R4« TBCs th i) L4 i J2 il 5 4 52 i
A E, NI S T R R A A e
W%, TBCs FR 4 £ F %5 F Wik (air plasma
spraying, APS) 8¢ HiL 1 A B AH YT Celectron beam-
physical vapor deposition, EB-PVD) i £ ¥] il )2 Fig & /2

(top coat, TC)+ A Wik (cold spray, CS) IR IEMIER

(detonation gun spraying, D-Gun) %5l & R 45 )2

(bond coat, BC) KX il & G 3L R4 ke H 11 N 552
JZ W 1 JE B R S A RE R TR 4 6%~8% Y,05 FeE
(1) ZrO, (8YSZ), = PR H A5 vy 1 1) 1 R I K 2R 4
A BAR G R e 5 ALO; R A4k 2% M 258 1 0145
oA R &5 2R — B MCrAlY (M=Co, Ni, NiCo),
F T e e 2 M B )= 5 He A4 2 TR] ) B i AN DL B
AR VR 2 Ak 2 R A R I Ty e IR AH BB [R], AT ORAIE
T TBCs RGEAL =i 518 T KI FoE TAE,

AT TR, BBV 2 AR R ORG 4 2 3 AN W] RE A
2 S AR VA KA ALY (thermally grown oxide,
TGO). XHRRIEIN N, 4 TGO HEE R 5~6 um KT,
23 5| P B S HE AR R TR 8, X R B TGO 5 2 2%
BN A JE TBCs KA EZ RS, Hik TGO K
(f L4 i TBCs i AP OCHER 317 1000 C
DL B, fEEm)im)=0 8 ZME YSZ A rH SR
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(0.1 S-em™) et A 5 1L 1 J2 M 2 B RL 45
AT, M SOk 85 2 R T TGO R R ke, 5l
EALGIN) YSZ PR % TBCs 14 & % A0 45 2 I i 2%
U, S hN, YSZ AE KT 1200 CHRA%IN, SKAET
B M A GE R EEAS, [R)IEBE 3%~5% 1 PR B Ak,
K TBCs R % . B B Ao J2 41 Rk 1R

(LayZr,07, LZO)\ #EARIA (Y3Al500,, YAG) 5§
DAL G B A A e 1 iR A 1 (L B R AR R 1)
A B PR g e R ) i B A v S
R 2 R . R, LapZn,O7 7E 1000 CHY, %
BT SR A 92X107 Sem”, Fb YSZ MK 3 MR
U, T YAG A HOE A (107 m*s™), B YSZ B4
PrEoE R (107°~10" m*s™) K 10 AN FE g A A,
FLAR S 0 B 480k B A8 e o R A 8 g 1 AR IR 2
¥l Padture 1 Klemens! ™l i 55—k Ji ¥t 575 o
BRI i S ARBURE 2.4 Wm 'K, FE R HoF
YAG {25 TBCs %t 5 ey il J3 IR ASE 1) W 5 J 2 4
SR ZHCH AL (LZO. YAG 25) PR BT 1 $4 i ik
R ALO; Z [ 7k =S VR R, ek
AR YSZ BB R Tk, VaBen 45 2% 3 2024141
T XU & RS, KRR R S YSZ, T)ZE
T R R A B (LZOL YAG %5). YSZ LA
2% FUH b T 2 SRk 6 2 IR A A TS, 4
5 ALO; BR4t, b & =4 ki LUK E YSZ

B3, 53, 1973 SR, W, R, NI A e I LS A E X AR =, HO 220 730050, I
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ARAR B e g, Al 4 mrokh 45 2 P etk ge, Af
F3XUBE % TBCs & R LI H L LB % TBCs 1A R L 4F
(4t vk e, Tl NPSER A APS #1485 T LayZr,Oy/
8YSZ X% TBCs, 4 K& W], 5 8YSZ HFi#: TBCs
A Z AL, LayZr,0,/8YSZ X% TBCs 14 Z b #u bk |
Tt 35%, PUAGEPERE 1A% H A A 80 ) g K
100 h. @51:, %%%uﬁﬁ% La,Zr,0, I, La,0; E/‘ijﬁfjﬁ
R SEARML B LY LayZr,0, 425k, il vl fE 5
P % 2 i PO, i APS 4% YAG VR JEA
SiktEE, H YAG A7 HAF b A PSR, 22— A
IRAT I B BB iR JZ R, 45 LD YAG R T2
8YSZ A Ji )= I XU B2 )= 4l i b v )22, N FH T n g
W TR I A CANEBAN A 0D 2 il & 4 00
P BOE TR AP IE S TAEI (] BRI B e A4
(55 2R, B R AL S 0aE A SR AN

zE LRTiR, B YAG JZXT TBCs 1k 45 2 P
e m, AWF5CRA APS 7E3E4A (3108 i #AS
B LA T YAG/8YSZ XU 8YSZ HPE %
TBCs; *FEL2r#T 2 Bl TBCs 44 & (40 = il S AL P g
WL T YAG F % 250 TGO A=K 5% mi K 1 5 800 &5
KA A e, A YAG/8YSZ XM & TBCs v FH T
E A TR S RS 2 2%
1 %X I

B &8 JA M RER BT ) T 38 AR e A R R A IR A
H] 1) YAG CRif2 K 12~40 pm) Al Oerlikon Metco 2™
) METCO 204B-NS 8YSZ CKiffly 35~86 um), ik
8RR A Oerlikon Metco “E ) AMDRY 365-2
NiCoCrAlY CRifeh 45~75 pm), HEHF (&
S #0): Ni 46.22%, Co 23.28%, Cr 17.20%, Al 12.66%,
C0.01%, T.A.0.<0.20%, Y 4 & . WERFEAREH 3108
il OAREEAN, £ D)RIFT B 10.0 mm X 10.0 mm X 10.0
mm. ARSI YAG ¥ K 30 1 K o I AO0
JES, K HWE 25 i bnvoof AT SR, HAR 200
M LB TR YAG Fy KBS [ & & i b 50% 1 B
TFWL BREE 1 h JFIIN 3% WG 1%0 73 BRIl 1%o0
TH LGS IR B & Ok ok BB B, dREEEREE 0.5 h 5
H LX-5 R4 308 %5 T EHL — UGk, 2 F12R 5 YAG
AR KLAR K 20~56 um, FEBNTER LT, 3E 555 3 TR .

W Y% I 0T i 4 2 TR AT 7B 75 8 54 b AR s A7 A Ak
L, K452 (NiCoCrAlY) KM P~ A IM
- 4 TR SR (D-GUND il %%, JEJE 4 100 um A2
i, TESHEWNE PR BEERHSEITA
1) GP-80 MU K55 & FiiR (APS) il 4, L 8YSZ
PR 2 SR FEAE 300 um 2245, YAG/S8YSZ XU E A &

R1 BEBSRIZSH
Table 1 Parameters of D-GUN spraying
C,H,» 0O, feed N, feed
Parameter feed rate/ rate/ rate/
m*h!' wth!' mlh!

NiCoCrAlY 20 65 2 180 4

Distance/ Frequency/
mm Hz

1 8YSZ JZJE 200 um ZiA7, YAG ZJE 80 pum A7,
TEZHNFK 2.

T A A S0 R AR IR SR L s A A M RE .
KWV AR . NiCoCrAlY/F: 44 . 8YSZ # fig % A
YAG/8YSZ AP ARz 2 4 ZRAE 73 B BN R £ 3
Wy, SR HTRE OREfiE] 0.0001 g) X Fik 4 413K
FEREAT AR I 5 5F 10 s (R 3 ASFATIREE ) RS
PR AR IE R H 3 E T A U B, BL 10 °C/min 1Y
FHEE A INFAZE 1100 CHAT AL, Rl ]
Sy 1. 34 5. 104 150 25, 50, 100 200 h; A[d]
PRI TR] 5, R AP o S 20804 2 3, R4 7K
FREM B IRl ARSI, XfEpigs 2ilmtm s,
XA A A& TGO AEK 51 . TGO JEE k2
FLERZE 2> 5K B Image Proplus Al Image J #4347
a5, AL IR B RS A AR SRR XS AT (Cu
B8, Ko B85 BT RAE, AT FARRE TR 2 A O
TESUAN TG % 40 A R H B Al el 34 & 1Y) QUANTA FEG
450 7 RS B T BT T IS T o

2 HRSUE

2.1 |HEEME

K1k 4 FRlRE 1100 °C 4 T B 45 il A A 3
M. B 1 A, 4 FERFEAE Dy T P i = R 27
TBE 2 MBL. YAG/8YSZ XU P & P va 2 iR BE A
Sh PRI, 5h 6 EEEITFAERG AR R
FeAK . NiCoCrAlY/HeAhk. 8YSZ Hf % J2 A i J2 R
FEYILE 25 h G HE NI B W1 Ak, R
B PETSIR E AR, 200 h A S AR R AR b
NiCoCrAlY /B A UK 45 )2 B AF e 4 v T 6 )@ 2k
WP ACTERT, BT DAL S A 1 T T R A Al B AR
8 1f 8YSZ DA il N At ALY HOE %, i R
55 YSZ JLT /0B WM B, Wi 8YSZ B b & FA B v J2
TR FE AL 1 T % 5 NiCoCrAlY/F AR RE JL M [l 5

T2 ASEBTHRARIZSH
Table 2 Parameters of air plasma spraying

Ar flow/ H; flow/ Arc Arc Distance/
Parameter ! .
L-min® L-min~ voltage/V current/A mm
8YSZ 60 5.5 60 650 100
YAG 50 6.5 55 650 85




55123

LS YAG/RYSZ XU Btk = Al EAL ML REWE 5T

* 3963 -

YAG B A BARMEGE M, 15 YAG/8YSZ WU % #
e % 2 A A X A Y e O 21

B EWMERRNENY ELEITRE, 458w
2 P, FL AR A i 2 B AR AT G A £ AR,
X5 SCEkoE B, RS A

(AMIA) =Kt (D
X (D P (AMIAY Ky BT TRV AL s K, i
LS EG ¢ MEALRT] K, (RN T AT
PR, AR A A Y o

AAIEFEAR I AH N [ I 26 K, (KN, e i T
SRS a2 WA LS. B 2 1100 C%
WA A &R H, 8YSZ MM EM YAG/
8YSZ XM & FA B v 2 A A 1 T R B K, il A
0.059 775 £ 0.033907 mg*-cm™h™', 8YSZ F i H i
W E AR R A T R JE YAG/8YSZ XM e b i 2
RERI 1.7 5, YAG/8YSZ XM & My |2 1k R R L
WG PR AL T RE . T, AR A B
FHHN TGO MAKME, YAG JZEMEY HUH %R,
P BE R4 A R MR & ERAC, P ukeE T8

—=— Substrate

o— NiCoCrAlY Slow mass gain stage
—4— Single 8YSZ
—— Double YAGBYSZ /
/////4

2
N 9%} BN W
T T

Mass Gain/mg-cm’

J—

Instantaneous mass gain stage

20 40 60 80 100120140160180200
Time/h

B 1 1100 CEEl A A1 = ih 2k

Fig.1 Isothermal oxidation mass gain curves at 1100 C

m  Substrate

Parabola fit
e NiCoCrAlY
Parabola fit
4 Single8YSZ
Parabola fit
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N

v Double YAG8YSZ
|- Parabola fit

5%}
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)

—
T
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K2 1100 CEEAAL SN ) =40 A 1 26

Fig.2 Fitted isothermal oxidation kinetics curves at 1100 ‘C

ZEEMAA, B TGO 4K i h22te, il YAG/8YSZ
) BB VR R R R PR B . ik DA
YAG JZFHAMERE, HHERR TCHAZETHH 2=, X YAG
JE AR B EE RIEAT T 5 HT o
2.2 YAG EBHED T RMULEH

Kl 3 4 YAG ¥y K. YAG/8YSZ WP % TBCs Wi
AL 1100 CEREA AL 100 K 200 h J5 1 XRD K.
HHE 3 AT %, YAG 7255 R A HT /G 8 Y3ALsO, 4,
VIR FEE R AR e v, X AR IE T YAG 38454k
SR FE PR AGE R . B 3 R R A YAG AT ik
SR e TWRES, BV E FRRE R kAT
PR, ] LU= AR RSP AR R AR TR S
A4 200 h J5, YAG AT B oo, DR oA B A
FACIIREAT, YAG 2 AR X UK AR T P 4 i
B, 5 R, v Z R AP e U N, IO T TBCs
U e R R % .

4a FI1 4b 4359 k) YAG/8Y SZ X e i v J2 5 4k
A5 1100 CERAAL 200 h JE#m . a4,
Vi B JEAE R AL 100 h 5 AR 2 /N AL
B, AL APS WHRMEEE . TSRS
4k 200 h 5 YAG F%EFELBHRH 11.7%M 2
10.3%, X&EH T El N YAG ERA T —E ks i
U, B YAG ¥R )2 AT BRSS9 HT
INH, BRI IE K, YAG W2, A AE
Ufo R THAELLE YAG JZEBHARGSE E P AT A m)
e, BB EALRAL T TGO Kt R R 184 kA
2.3 TGO = KIBERUMANFESH

Kl 5 4 8YSZ HPEE MR IRZWHRASF 1100 C
26 AL AR [ I D] S 1R TGO OB S . i &l 5 AT 40,
MR A RE DR RG4S )2 R A T — 2 E S A AL
B (TGO), X JZ=A A MEAE 5 28 (1 5 A 72 v AN B
AR JEL L SCRA R, R &5 2 IR KB AL B-NiAL
PP H 1100 CEE% M 200 h W4, i TGO
B, AR B-NIAL AHIWE 2k, R UIRG 452 Ak
AR RAE T AR TR WY . thA, HE 5b~5d
AR, SEALETIE B-NIAL IR PG K, BT AR
B (1 AT TR 55 ARG 45 )5 3R, A R T RS 5 )2
JCE M — 2P B S B POdE . B Se AT,
B AL IANIEAT, 8YSZ HuPi & HA BT v 2 S5 A b
50 h J&i, 8YSZ/TGO FLii th Il T K e, HLBEH A
HIHEAT, i RWi 2, i st iR,

h oy Hr A R T TR B TGO Jidr, WK S
1 8YSZ HLPE B 2 R BE R E A 50 h AU ST T
EDS [fi4450#r. il 6 Frox, 8YSZ Fi & M )=
2 1100 CH4k 50 h J5 LA E SR K O T, T
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Fig.3 Surface XRD patterns of YAG powder, YAG/8YSZ double
ceramic TBCs as-sprayed and after isothermal oxidation at

1100 °C for 100 and 200 h

BERIKEOH I AL BRI O J0E, MK A5
Al Fl1 O 4 B, Ni. Co. Cr LEE & . W TGO
A R T ALRT O e W AE A AL O;, Ni. Con
Cr TELURKEOBY HE LTS O RNAEREZKE
A A .

6 1 Al T A o i TGO T 7 i 2 X 3 Al
i, 1M Niv Co Cr BB G ®EKRZ, WAL EALL
W Y 4 JE B R M AI>Cr>Co>Nil™,
BY AL 2 A, 554G R BoG Rt s, BB E
(1) a-AlLOs ALY KIS R) 1) il A Ak 25 3350 AL IR

10 pm

HHFE, BE AL CEAL, WA AL EEE
FALK Z B HME], BB Niv Co. Cr GEYT LS O 45
A Cr05. Cos040 NiO FIHE A S A 846, [
I TGO 5230 H MU A TR A A 1k ALOs JIE 1) XX

100 pm

K4 YAG/8YSZ XFg & TBCs BHIRA I 1100 “C A5 4L 200 h
A
Fig.4 Cross-section morphologies of YAG/8YSZ double ceramic
TBCs as-sprayed (a) and after isothermal oxidation at 1100 ‘C
for 200 h (b)

e/

$0yum

8YSZ.
Mixed oxide
Y

~

Mixed oxide,

8

BC ALO;

10 pm

K5 8YSZ P EMEIRIZWIRA. 1100 CEEAI 1. 5. 10, 50 F1 200 h Ji5 {7 TGO MM IESH

Fig.5 Morphologies of TGO for 8YSZ single ceramic thermal barrier coating as-sprayed (a), and after isothermal oxidation at 1100 C

for 1 h (b), 5 h (c), 10 h (d), 50 h (e) and 200 h (f)
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Depletion zone

10 pm

10 um

10 pm

K6 1100 ‘CZEAEAL 50 h o 8YSZ [ & #h e 2 19 EDS T4

Fig.6 EDS plane scan of 8YSZ single ceramic thermal barrier coatings after isothermal oxidation at 1100 C for 50 h

EEiRy, W stpTR; B s I T, mRUE K
RER A S RE AP, B AL A2
80, FEFIE BUR KB N I ERrh, ARE TR,
X B TGO B Kt i TC 3409 1) Bt 2 J R B,

K7 50 5k YAG/8YSZ XUB e # b v 2 BE v 4%
1100 °C & AN R I 8] )5 (1) TGO oM ES . th T
YAG/8YSZ WP &M 8YSZ Hifig & TBCs N AEM &2

AREZE R, WOROE I R R B IA R 4 2 AR T ) R
HIE B AN, BEI 3 BORG 45 = R 1 TGO JE R
KrgRig A HIE 5b 5K 7o Al YAG/8YSZ W
P ZE A 8YSZ FF ZEAR R 1100 CEEy4 4L 1 h )5, A
g 2 rh By a e B E] B-NiAL M 1i54L 5 F1 10 h
J&, YAG/8YSZ MU BNk R A 45 A B-NiAl AH 73 Aii W]
WET 8YSZ HPyREAR, W& Sc, 5d MK 7c, 7d

Bl 7 YAG/BYSZ XM IR IR 2 WHAA . 1100 CARLAAL 1. 5. 104 50 A1 200 h J5 1) TGO M EH
Fig.7 Morphologies of TGO for YAG/8YSZ double ceramic thermal barrier coating as-sprayed (a), and after isothermal
oxidation at 1100 ‘C for 1 h (b), 5 h (¢), 10 h (d), 50 h (e) and 200 h (f)
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Jizne XTECE S R 7 /) TGO J& AT 40, AR AL i
] 8YSZ HLPR B RIS YAG/8YSZ MU F &k R 11
WE. XZEHT YAG ZRIFMMBLA R, £
YAG/8Y SZ XU P & J7 B v J2 R 25 )2 Hh B-NIALAH (1) 74
FE M TGO 4Kl [ 4 8YSZ Ph Wi & I i |2 2818 o 4
TN, YAG/8YSZ XM 4 TBCs 44 2 L H i
UEIUEINEIR RN A i

Kl 8 k) 8YSZ MLl & A YAG/8YSZ X % i i
2 1100 CEiR 454k TGO K ihsk. i 8 w4, 2
FRAABEIR 2 TGO 55 B 48 A I H) PR ZE AN T 38 S5, 4
2 TR AR B ZAE KB B . 8YSZ #AwiR)=
1100 ‘CZHEAAL 25 h N TGO PRI JE, 25 h J5 A K1
JELTH 218 5 1 YAG/8YSZ WU B 2 B4 )2 TGO 15 h
PUGBLHEN T 18 A K B .

8 I SR E E S I A ) A .
JE BN TGO K F) 1%, X TGO J& A K ih ik
TG, WE 9 Pron. S 4ALET 200 h B TGO J£
JEE 5 8 AR A I TB) SR I AR B A 6 G R . DR A
AALHET 200 h 1, #EVR 2 TGO A K3l ) 2% v A%
48 Wagner S WS AT IR, R CPSPR.

3=2k't (2)
K 6 4 TGO MJEFE (um); kb A A0 3 20 %

Cum*h™); ¢ WEALNT (. AR (2) W5

TGO 2 Kt % AL %, %> IR B
@ _
dt &
HAZL (3), RiE Wagner AW, HdES &
B A, TGO A2 5 1 (8 1 e

(3

55| —w#—svsz
| —e—YAGRYSZ

Slow TGO growth sta,

Instantaneous TGO growth stage

20 40 60 80 100 120 140 160 180 200
Time/h

K8  8YSZ Hi A YAG/8YSZ XU % v )2 1100 C 45
Sk TGO “E K il 2%

Fig.8 TGO growth curves of 8YSZ single ceramic and YAG/
8YSZ double ceramic thermal barrier coatings after iso-

thermal oxidation at 1100 C

WA HAGH 8YSZ P MR ER YAG/
8YSZ X P& MBRIRIE TGO A KR F H 4 ML N
0.051 435 11 0.034 489 um*h™', 1100 C %5541k 200 h
W 8YSZ P EMEIRZE TGO KA AN
YAG/8YSZ XM R HBEIRA M) 1.4 £5, Ieai R 5580
AR E L) 2 AT . 53 HTIA R BT A A
R RIS R R 0, i AT 9 38 I R A R
B B AR, IR R A AR R o R I A G
KA, W TGO J& A KB ) 2% 5 55 A 550 ) %
ZERILAMST . IR, YAG JZ AT )2
P E A Re T B IAE ], YAG/8YSZ XU % #4
B 2 Ee AL Go i X 8YSZ b i vy J2 LA T 4
T e AP e

K 10 & 8YSZ Hife % TBCs Al YAG/8YSZ Wi &
TBCs &l %46 50, 100 5 200 h #kii &l . H1& 10
A. B. C. D. E M F ¥4, 2 MigZ%E4 50 h
Ja B A EIR G A I, HE O DO TR A 4
) 5 BRTE L 50 i . Wl 10a~10¢ I, 8YSZ HiFH
BEABEIR)Z 1100 CEFI A 50 h 5, BRRITR G4
e EJ7 AW BRE0™A, 44K 100 #1200 h )5,
TGO Btz b & )2 R i g O B i, 10 i1 8
R A A 1) B e 2 R AR K= AR N F TGO
W AL vy N ) e ) A R ST B R R AR AU T A S
JEP3, B AT, AT e S R &2 T,
T A P R T Rk, BRI YAG/8YSZ AU F B Ak
By 2 1100 CEEJE 4L 500 100 /% 200 h J5, IXFPE
REAYART AT D, AL b7 B 8 )2 3 9 LA
HGUER LK 10d~100, 8100 BT YAG 2 15
AE, 13 TGO AKZE, BHIk TR Pk
Ak, N T ERIZN AN, XSSP EE R

551 = Single 8YSZ
Parabola fit
g | = Double YAG/8YSZ
= 4.5 Parabola fit

(Time/h)"?

B9 1100 CHAI TGO #l5 3 J) 2 il 2k
Fig.9 Fitting kinetics curves of TGO after isothermal oxidation

at 1100 'C
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Mixed oxidf:s‘;racks
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s ALO;
BC

PSUbstate
Resin d Resin

Substrate

Subsirate

Mixed oxides. =

BC U ALO; AbT

Kl 10 8YSZ HifJ % TBCs Al YAG/8YSZ XM % TBCs 45l 44k 50, 100 55 200 h #ifi 4
Fig.10 Cross-section morphologies of 8YSZ single ceramic TBCs (a~c) and YAG/8YSZ double ceramic TBCs (d~f) after isothermal

oxidation for 50 h (a, d), 100 h (b, e) and 200 h (c, f)

3 &£ it

0

1) 1100 CZ:3E 44 200 h W, APS %1
YAG/8YSZ MU %A 8YSZ P Fig % $ b it J2 250 A Ak
B A A P 2 A, H YAG/8YSZ XU A e ik
JEEAIE B 8YSZ LB BB IR EIC 1.7 i .

2) 1100 ‘CZ53H41L 200 h N, YAG/S8YSZ XM &
MBTIRE T YAG i & )2 R K& IR AF (A RS € 1 - YAG
JEE N R AT AR IS, FLBRERH 11.7%
£ 10.3%, AATHEE 2 AR .

3) ML XU B R A R IR AL S0 h JE AR
REAH), (HRE ARG REG™ A IR 4L 100 FT 200
h G Ry R, IAUZ AR E A 200 h P JGHH B
Az, HOOUR ZE VR 2 TGO A K %% 5k 0.034 489
um*h', AL 8YSZ Hup B HABE IR 2 BTG 1.4 5

S 3k
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Isothermal Oxidation Properties of YAG/8YSZ Double Ceramic
Thermal Barrier Coatings

Li Wensheng, Zhang Yi, An Guosheng, Cheng Bo, Feng Li, Yang Lexin
(State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,

Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The high temperature oxidation resistance of YAG/8YSZ double ceramic and 8YSZ single ceramic thermal barrier coatings
system were analyzed. The bond-coat (NiCoCrAlY) was deposited on a 310S heat-resistant stainless steel substrate by detonation gun
spraying, and YAG/8YSZ double ceramic and 8YSZ single ceramic thermal barrier coatings were deposited on the bond-coat by air plasma
spraying (APS). The cross-section and surface characteristics of the coating were analyzed by SEM and XRD before and after oxidation.
The oxidative mass gain kinetics, microstructure, phase of the YAG ceramic layer, and the TGO growth process and growth kinetics of the
two thermal barrier coating systems were comparatively investigated after isothermal oxidation at 1100 °C. The results show that the YAG
ceramic layer shows no obvious phase transformation after isothermal oxidation at 1100 °C for 200 h, and the porosity is slightly reduced.
The oxidation mass gain rate and TGO growth rate of YAG/8YSZ double ceramic layers system are 1.7 times and 1.4 times lower than
those of 8YSZ single ceramic layer system, respectively. The double ceramic layer system shows lower -NiAl phase consumption rate and
island oxide growth rate, which results in a better high temperature oxidation resistance.

Key words: thermal barrier coatings; isothermal oxidation; APS; TGO; YAG
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