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[ABSTRACT] Yttria partially stabilized zirconia (YSZ), a component of thermal barrier coatings, is widely used in
complex high temperature conditions. The excellent thermal durability is attributed to non-transformable tetragonal phase
(t"). Currently, it is uncertain for the maximum working temperature of t' phase, and the mainstream view is still around
1200 °C. Based on this, using atmospheric plasma spray (APS) process, YSZ coatings were fabricated followed by various
thermal aging treatment. Evolution of microstructure, phase composition, sintering shrinkage and fracture toughness were
investigated. The results show that the coating tested in 24 h@1400 °C still maintains m phase free even after 7—year room
temperature storage; samples heat treated at 300 h@1400 °C and 300 h@1600 °C no broken, with m phase volume content
of 3.55% and 35.41%, respectively. The average linear shrinkage of 300 h@1600 °C heat treated coatings is 0.4%. Grain
growth and pore healing occurred during thermal aging treatment, bringing the increase of the bending strength and fracture
toughness of coatings. Therefore, APS YSZ coatings can be used at 1400 °C. for long time (~300 h) service.
Keywords: Yttria partially stabilized zirconia (Y'SZ); Thermal barrier coatings (TBCs); Plasma spraying; Thermal durability;
Phase composition; Mechanical property
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A MR m PR R B CTE ) b 24400 1 55
e R R I A AR AZ T o Fa e S AL S AR IR JE 12 N
ATz K AL TR EEHL, AR i ATHL / SR HLEA
Sk i S P ) R A T
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5 mm 75 4KV HEAR SR AT 3~4 mm JEE1Y YSZ B
BURIZE, T WU B3 (44 8L R Oerlikon Metco 23 A 1Y
8YSZ, T. 22802 UL SCHik [117, MFEA 5 & 39 55 1) Pl
BEURIZ S BIIE] B TR 2.50 mm x 5.00 mm x 26.00
mm K55 H 2.5 mm x 20 mm x 20 mm 75 5 ([ i B
).

(2)IRZmiRPUE R R 7% E ThermConcept A Fl
AP E A R (HTK20/17 ) %) Fik YSZ B s 2
ZMIT F A3 BIEET 2 h@( 1200~1500°C ).300 h@1400°C
100 h@1550 “CH1 300 h@1600 CHUL B, LIk 4 %5
BRI B ES AT rERe , L B 5 28R 2 el
F4) AR AL RSB 24 46

(3)WRIZPHTREENE . >R H Instron 5566 (USA )
JT e BRI 2 1 )22 B9 T3 B ( Bending strength,
BS ), il FER ST 4 2.5 mm x 5 mm x 26 mm. ERAHT,
K = A A, v A BT EE R 20 mm, RSk T RS
0 0.5 mm/min, FFEAXNAC 1) FrR, Pryrom
5 AIHE RS- A

3pl
e (1)
K, p R RS ST W i S B, Ny Lo
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(4) W ZEW A5 . R A X 8T 2417 §1( X-ray
diffraction, XRD ) £ K. LI H 7 Rigaku 4= ;= i) D/Max
2550V H4 X 4 2k A7 4 {X( Cu Ka, 4=0.15406 nm ), T.
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26=10°~90°, H FLET 4 3 2 4°/min, Py AHHKS 40 53 it
R /N R (27°~320 il 720~76° ) 18 A6, R N
0.2°/min. PIAHRE Tt AT 7S BEOCHR [19].
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Leica, Germay ) [ i )25 #% [ 4 AH #F & R H B & A7
EBSD ( Electron backscatter diffraction ) #%3% ( HKL
Nordlys, Oxford Instruments, UK ) 1435 /& S 14 Fi 55
( Magellan 400, FEI, USA ) XV 2w w4 2l 21k 4 7
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DIARAS SR X B ] | R S5 R 45 L
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2004 AL B B RO R RE U0 ik 5 2 R 4R
BRSCAR ZE A E ) o

(7) WRIZWIZEIPEMNL . SRR P2 i, R
JHBEHF] Anton Paar A9 MHT fCK R IRAY, St &M T
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~ 1 @ 12
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3k,2 9 =136°) 3 H RHRMEE ; P Rgaifi, 1 P28
K.

2 ZR5itig
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Fig.1 Statistical mean histogram of sintering line shrinkage of strips
after 2 h@1200-1500 °C test
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BEBEP S HBRLZMBGURMFLER , BEE A HLE B 1
Thi, B 2N S8R R A FLBUR AL, 2N
AR s TR B2 () e Bt — 25 3k A Y R IARTRIR
JEE TR AR P 7 (AR 2 R A B S e o, a0 o el
Ve ' 2 BC T 45 ) A M R RS i

3 217 300 h@1600 °C AWK FE R A 45 220
S, B 4 25 1 T 22107 300 h@1600 °CAzt 5% 1y B4k £ I
ARG E TR, RIMEZ)T 300 h@1600 CHb B
Ji, YSZ A 4K v 3 ATy Il A 2R e 4 R - EE AR
H0.4%.0.2% F1 0.3% (SEFRF-EMAE R K ~0.10
mm; % ~0.01 mm; & ~0.01 mm ), ZHUb IR ALK
iR G HALH 2 h@1500 CHIIRSARY . AlhL, YSZ i
EEIRIRE TR I A I bTbe b T RE
22 HEBEEM

5 16 35 A2 T 300 h@1400 °C Al 300 h@
1600 CHULFE T F e ARG AT XRD Bk, 0l 0L, 205
300 h@1400 CHACI , Uik J2 32 SAIKIH AN AT ARAR (1)

° RS
*2h@ (1200~1500 C )

40 1 1 1 1 1 1 1 ]
0 200 400 600 800 10001200 14001600

AL HIELE/ C

2 27 2 h@1200~1500 °Cix IR E
Fig.2 Bending strength of strips after 2 h@1200-1500 °C test

AR AHCE) (B A I T m A, S5 A E BT
AR LR 10 A TR, 300 h@1400 C#A
IEFRBEN KA T t—te 1R, FHA 0 m H1(3.55% )
AR 300 h@1600 °C # 4b B A% ) 7= A= K m A
(35.41% ), BZ L0 B A8 R B & 28 ¢ ARG 40 f# A1,
K E tom DR LA, A, B R R
PRFFTERE T, F W m A B A B X R 7= A 22 WL )

(a) FkbHET

(b) #abIF
B3 300 h@1600 ‘CHAIERT /G HIIX & E MR

Fig.3 Macroscopic morphology of strips before and
after 300 h@1600 °C heat treatment
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Fig.4 Statistical mean histogram of sintering line shrinkage of strip
after 300 h@1600 °C test
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Fig.5 Refined XRD pattern of YSZ coating after high temperature aging at 300 h@1400 °C
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Fig.6 Refined XRD patterns of YSZ coating after high temperature aging at 300 h@1600 °C

WG 254 Ren ZF RIS ", £ 1350 CHAkb
I8 hi, t—the AHASSERL, P IHEET 1400 °C il
BNt MRS RAASERT 4 h N5, [Al) Zhao %5 1
B , 1550 CHALEE UR 22850 40 h 5 sREIT
U VR, [REHE BT 1400 CHUGHE T, t—m MIAE & A 7E
40 h ZJ5. 1 FiR 300 h@1400 CHRER F iR U
R PRI A AR ULIHAE 1400 CAUE R R IZRT L
FERCR RV I ( ~300 h ) CRAFAHAL R RS E , RILL ¢
F2 A, &5 20 g 72.5°~76.0° BKS 403 HT 4 SR I IE
TIZieWr.

& 7 HZ 0T 100 h@1550 °C P ik BERT 5 i AE Ay
SEM-EBSD W 5 FIARZE 50 A, o] LA H, 84 2%
W2 M B — A DU AR R, AR BR S, S S AR £ DY
J7 AR TRV = A 2 b i S 38 d ks ROSE R 0,715 um 41 %
(AR, AT R 12.4%

& 8 2 2020 4 9 A XL B AFRL T 7T AER AT
IR P (24 h@1200~1600 °C 1 0~100 h@1550 °C.)
SPS YSZ I)Z R FE AL FF BTl S . XTELER 1 %8
MR 2 S U BB, FIR A 7 A)E 24 h@1500 °C .24
h@1600 °C 1 20 h@1550 °C i i F b PR LR = Az By
HH,24 h@1400 °C F LA I B2 A PR A AL b AHZH B 5 )l
—3, YSZ EE &b B A R R EOm R
PESET Ak AR Mk s — e RIE)E, kb E Y X
AR N o ML B Y IXERAS Ry ¢ A0 R AR I A R AT
FE—E MR 1o SRR IAAEI, W2 N RN 1 1287
B, il & T t—>m S RARAAE . 24 h@1400 °C K LT
TR AR BRI R SR A AR, RIAT Y Xt MR R ik #)
AR AR B A RS ST A S S A G R R R AR AR

F1 YSZAREZREMNYATENHEASRITESER(FRIE)
Table 1 Calculation results of phase composition of YSZ coating

before and after high temperature aging (volume fraction) %

FHLLAL
T HURAS
m-YSZ t-YSZ t-YSZ ¢-YSZ
IETR A 0 26.15 63.55 10.30
300 h@1400°C 3.55 30.87 4157 24.01
300 h@1600 °C 35.41 22.16 29.85 12.58

MM 1400 °C AL B FLRR 8 T B 8L &2, T AR
T—ER RTIEFERT M. ke B R, 75
AP BT AMETT  BEALT 1400 CA 51 A AR
B & . 454 300 h@1400 °C Kb B RESS B Horp s
A 3.55% B4 m AH, BEHHAE 1400 °CTF FAb B A] Y 4E 4
(~300 h) Z3ITE &9 BOF " 4 DA%, 5 Lughi
2 USVBIb e 2R AR —3, RIS, X BR L SA AT A m A
HRT 5% A TRZERE WS, YSZ IRZMK
(= 300 h) ATAEIR 32 3R L FRAE R 1400 °CIEA BEY .
2.3 WEHRSEHETNE

&9 AN TRIHATT S YSZ ' B e )2 2 T A s o
TESREERE , v] WL, 28 D7 s IR IR ) YSZ W 2 G 4 i 1)
Fn AR A, AR E R R B AR . DA
R R IR AS YSZ TR IZ I SR RS R ORAS 22
300 h@1400 °CF1300 h@1600 °CHb P I 4 ik ) ~f 43
AIEE] 1~4 pm Fl 1.5~8 um, £2)J7 300 h@1600 C ik
PR WELE AL Ak i SR 0 A R I TE A 42, 3 T
B tom b [ARFHAR R AR RZ KRN 2 VIAH G . 31X
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(c) 100 h@1550 °C YSZ SEMIE{% (d) 100 h@1550 °C YSZ EBSDE{%

7 £ 100 h@1550 CHAMEBT/FIXAER SEM-EBSD W48 5%
Fig.7 SEM-EBSD micromorphology and phase distribution of samples before and after heat treatment at 100 h@1550 °C ""*
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(a) 24 h@1200~1600 °C (b) 0~100 h@1550 C

8 HFH 7 EREBAALIE SPS YSZ REBH XRD #EE (2020 £9 A)
Fig.8 Reanalysis XRD pattern of tested SPS YSZ coating after 7 years storage (in September 2020)

(a) BEEAS (b) 300 h@1400 C (¢) 300 h@1600 C

9 YSZihtMmERERERIR
Fig.9 Surface topography of polished YSZ ceramic coating
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FHELZAELZT 300 h@1400 CikAErhis AR P, LIRS
MERIRZWEIE K T, 2807 300 h@1600 CHb B
TRARE A I BH S = T TR AR, 730 S (4,71 +1.38)
MPa + m"* Fl( 2.82 £ 0.24 ) MPa - m"?, & [CARAH AR 14 4))
e S TE

3 4ig

454 YSZ WG 2 M bR e e 4 R L R TR AL B
1 0 35 B AR RS R P DA R A 2 A 5 W S )
fiE, 28 24 h@1400 °C AL I T ZE WA BEAFH 7 F 1
YSZ WRIZ0REE ¢ AR FEAAH 28 300 h@1400 CHVEIHE,
YSZ 12 BRI 73 R 3.55%; 28 100 h@1550°C
PALF, YSZ 12 v BURHAR AR 40 BORN SF- 2 d ok R <
R 12.4% F100.715 pum, A H TGRS, T ACK L
W T REIRE; 28 300 h@1600 CHULBE, YSZ i
J2 R B RIARIR RN BN 35.41%, REIESE 8, R LR 2L
K. MAE (471 +1.38) MPa - m'"?, AJ LAHEWT YSZ Fy
BB OERIE R A PE R T 300 h) B AT 58 IRA IR
B FFR A 1400°C
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