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Deposition and CMAS Corrosion Mechanism of 7YSZ Thermal Barrier Coatings
Prepared by Plasma Spray-Physical Vapor Deposition
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Abstract: Using agglomerated and sintered ZrO,-7wt%Y,0; (7YSZ) powders as raw materials, columnar thermal
barrier coatings (TBCs) were prepared by plasma spray-physical vapor deposition (PS-PVD) at substrate tempera-
ture of 850 ‘C. The microstructures of columnar coating were analyzed by field emission-scanning electron micro-
scope (FE-SEM). Based on the theory of atoms together, the formation and growth process of 7YSZ nucleus were
investigated and the deposition mechanism of columnar coating was also analyzed. Besides, under the temperature
of 1200 C, the CMAS (CaO-MgO-Al,0;-Si0,) corrosion of columnar 7YSZ coating was examined and its failure
mechanism was also discussed. During the deposition process of columnar 7YSZ coating, the 7YSZ gas molecules
were firstly absorbed on substrate, then through diffusion and migration, the critical nucleus formed rapidly. Besides,

the critical nucleus further grew up forming crystal island by absorbing other molecules. Then after following four
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steps of island formation, union formation, channel formation and continuation, the columnar coating formed even-

tually. When above melting temperature, the CMAS could penetrate into porous columnar coating by capillary force

and react with the 7YSZ coating. Finally, the cracks appeared in the coating due to thermochemical and thermome-

chanical interaction.
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Table 1 Coating parameters of 7YSZ thermal barrier prepared by PS-PVD

Materials Power Ar N, Feedrate  Carrier Gas Stand-off Pre-heating Chamber
kW /slpm /slpm /(g-min™") Ar /nlpm distance/mm  temperature/C pressure /Pa
7YSZ 127 35 60 2x9 16 950 850 150
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Fig. 1 DSC-TG analysis of Vermiculite
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Fig. 2 Microstructures of 7YSZ coating prepared by PS-PVD
(a) Cross-section view; (b) Surface; (c) Bottom view of cross-section area
(1) and (d) Top view of cross-section area (2) in (a)
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Fig. 3 Physical process of nucleus formation and grown
(a) Molecule diffusion; (b) Molecule group; (c) Critical nucleus; (d) Stable nucleus; (e) Island phase; (f) Union phase; (g) Channel phase
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Fig. 4 Schematic diagram of microstructure mode
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Fig. 5 Corrosion of columnar 7YSZ coating

(a) Before corrosion; (b) After corrosion at 1200°C for 24 h; (¢) Enla-

rged coating tip in Fig. b, and (d) EDS spectra of Si in Fig. b

JEEE, fEResiAE TR E th AL BRI R AL A 45
Fag 100 S50 RN R TOREBOIR G5 M e AR, e R 2 T
T FRZRIMRE L. B 5d)hE SOh)REL T
i) Si Jt# EDS 441, MEH Eox CMAS B R = A
200 pm RE AL TFEE T, 241 CMAS Xk
B J2 I LB AE AN 2 B — (1), =il ™ CMAS %
FUG 7E B AN F R W AR IR J2 1) B2 T ) v S R
JE 5 3BER, — 5 TYSZ R T Y05 iR T
CMAS J& i Ca,Ys(SiO4)e0,%%, 5 4k fi T ¥ il
CMAS FIAFAEAE AR ER 2 A B A be 46 5 80k 2 3K
FAk, NI FERZ BRI KR, S
RGN R AR J1—T7 i, R HE R
T EE FEE Zr0, W Y,0; I FE, dE P fa E Al
t-ZrO, B ] m-ZrO, KA, RN P24 3%~5%
AR K. BE4h, T 7YSZ. CMAS Ll K 7YSZ

123241

5 CMAS AHHAE 7= 2 [m P Al 2 EK,
A HIR R E W B AR N g8, DL R 3R e
I G2 B R 7 R PT28,

Sh T NG MU B RS2 P ) CMAS S ik 2 AL
i, w6 PR R SR E B . fERRR G
P I M E J2 F T  15 — )2 CMAS Bk, 2465 il
L R, CMAS J Rl B 408 I /E T N ik
EALBRAE IR 7 1B NFFTE B CMAS % SR . 16
BIEIX, CMAS 465 7YSZ RASAL [N, Hk
TYSZ A5G MBS, WHMFFRRZETBEX
5 RVBIE X Z AAE YN ) J7 1) S B0 B8 K 2R AR 4k,
W 6(a)fizn. CHERE N Z L850, HokmER
T AL AT B R 2, s AR R BRI el
JE PR B AR LA EL L, Wl 6(b) TR, R JZE 1P
TN AR W 4B Ko QDT B Rk
JEAEF TR AR R R LT BUR AR e 1 e

K =1.128,\na, 4 2b>> a it (1)
o o, WG RIEY FEIG TN D), ac h i T2
GRS EREAHERES, HTBEXARBIE
XK R B, 76 B R S A BN ) o
A AP
o= ExlAz“: Aa (2)
i Evv 20500 TYSZ AR R 2 It AR S R A
b, AT WAHIRZ, Aa WBEXFRBIE XY
M RBZE . P, AR A 2 T RG0S 1) 1 ) 3
s JE ) A 3) T
K, =1.128 \Jra 4 2b>>altf 3)
Hh 6 WRGERUGTRZN. T, a AREF. B (2)
r N (3)a, AT 2 552 R 24 S0 i R Y ) 37 560 5 ok
Ky, @)X\ FiR.



292 T LM OR 2 R

%30 %

CMAS layer

(a)

Crack delamination

i SEPRE
P
L,
. |
Penetration | | -
i { — —
zone |I‘\_,rsl
|
; | 24
- Interface ™M O
un-penetration | |
v zone \ P44

6 HIREEH TYSZ iR)2 CMAS R BoR EE
Fig. 6 Schematic diagram of CMAS corrosion of 7YSZ coating

(a) Crack delamination; (b) Mechanism of crack propagation
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