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Abstract: To study the microstructure changes and phase transitions of different depth areas in the YSZ coating

caused by corrosion of the calcium magnesium aluminum silicate (CMAS) at high temperature, scanning electron

microscope (SEM) and an X-ray diffractometer (XRD), energy-dispersive X-ray spectroscope (EDS) and electron

backscatter diffraction (EBSD) were used to characterize and analyze the YSZ coating before and after corrosion.

The results show that YSZ coating after high-temperature CMAS corrosion exhibits spalling, dense, light dense and

obvious layered structure from top to bottom. The melting/recrystallization phenomenon occurs on the top of the YSZ

coating, which causes a phase transition from initial t-ZrO, particles to m-ZrO, particles and the degree of the phase

transition decreasing from top to bottom. It is also found that the CMAS-induced phase transition mainly occurs at the

grain boundaries since the molten CMAS is easier to penetrate and erode along the grain boundaries of the coating.
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Tablel XRF chemical element molar percent
composition of CayoM gi9Al14Siss powder /%

CMAS 23 14.02 13.1 49.8
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Fig. 1 (a) XRD pattern, (b) particle size distribution and (c) differential scanning calorimetry
(TG-DSC) graph of CMAS powder
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Fig. 2 (a) Secondary electron morphology of the natural section, (b) backscattered morphology of the polished cross section,
and (c) enlarged backscattered image of red frame area in (b) of the sprayed YSZ coating
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Fig. 3 XRD patterns of sprayed and high-temperature CMAS
corrosive YSZ coating
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Fig. 4 (a) Cross-sectional backscatter SEM image of YSZ coating after 4 h corrosion by high-temperature CMAS;
(b-e) EDS element mappings of frame (1-4), respectively
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Fig. 5 Secondary electron images of cross-sections of the four different depth regions A, B, C,
and D in the high-temperature CMAS corroded YSZ coating
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Fig. 6 (a) Local backscattering morphology of cross-section of the YSZ coating in the high temperature
CMAS corroded state, (b) enlarged image of the red box 1 in (a), and (c) secondary electron magnified image of
yellow dashed box area in (b), (d) magnified image of the red box 2 area in (a), (¢) backscattering morphology
of middle part of the high-temperature CMAS corroded YSZ coating, and (f) backscattering morphology of bottom of
cross-section of the high temperature CMAS corroded YSZ coating
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Table2 EDSanalyses of points 1-8in Fig. 6(b, c)
EDS/wt% Ca Mg Al Si (0] Y Zr
1 11.92 7.64 5.96 23.31 43.81 5.05 2.31
2 11.01 7.08 5.60 23.43 44.43 5.70 2.76
3 10.93 7.96 6.12 23.51 44.03 5.18 2.26
4 11.29 7.15 5.73 23.13 43.47 5.19 5.02
5 11.27 7.04 5.64 22.74 43.19 5.09 5.02
6 0.65 0.41 0 0 25.84 4.01 69.09
7 2.19 1.34 0.95 3.74 28.71 3.46 59.61
8 2.59 1.92 1.30 4.92 29.66 3.70 55.92
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3 HEAS g m-ZrO, FkL .
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o, EBAHILAE ZrOy AL, B LT AT CMAS ¥ d
Tt bk AT R . 24 CMAS W AR YSZ B2
BEATAR 022 i 2 WA Y JTCEAE CMAS )
WEE ST Ze uER, WA STE CMAS X
YSZ ¥ ZAZ 1 it S A Rk A AR AR A R R . 3
S EAES AR T CMAS 5 5 1 Sk A W AR
BT CMAS I S8 A B, T8 21 75 i T A PR 5 P45 ot
FERE R BB EA R L,
053 A A EOIR B RAH S A o I kLR ) SR

S0

g TR

bio bk, 7R E LR AL R B 2 M1 AR, 1% 72
T CMAS 5 E 12 SRR T B B E R M
MR A1 B L 8(b)(55 1 8(a) Xt ) FlEE 8(d)(5 ] 8(c)
YRR, 2R AN m-ZrO, kA4
B, XAAAR S S YSZ IR E ARG K (A 5%),
TRIRHURR 2 212 X S BUE 6(a) T E X 45,
JERRAHIRN 2 — o A 8(a,c) KB, YSZ )2
Al T A R AE AR R I K TR E LR A, it
AIHARL CMAS B 5% YSZ 520 5 A%
B ATBE MR M. fERERERE T, APk
BLIR 2 S A S S A P= A A i, JEBE VG I I 2
(PIEAT, VARESE A WIE K, 8 CMAS M2 P
IR MR R . RIEE MR EEY CMAS
&5 YSZ FUI () BH B 45 2y AR AE MR ION, IR FHAH
HAF 8 O, A R T IR
1hBE. BRI, CMAS J& PR ) T35 5 5 S8 il YSZ.

M 8(e,H)F & B, CMAS &1 5 i YSZ i JZ TR &R A
KIL m-ZrO, fhki, XAEHT CMAS RIZMEREZE
JEER IS, %t 8(a,c) T 40, YSZ 34 /245 I i
1T CMAS B X382 5y A AEAE, X T YSZ iR
JETRIX 35 CMAS A EAEH AR, ZrO, 112k
Y B2 M5

f g

K7 i CMAS JETZS YSZ 32 HRDIR SR (a) — K B F B A (b) X N5 EBSD #H

Fig. 7

(a) Secondary electron photograph and (b) corresponding EBSD phase diagram of sand-like

grains of YSZ coating in high temperature CMAS corroded state
Green: t-ZrO;; Red: m-ZrO,; White: CMAS
Colourful images are available on website
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B8 i CMAS 1A YSZ i) By C. D XI5) EBSD A4 #7 Bl (a,c.e) FKHL £ (b,d,f)
Fig. 8 EBSD phase distribution diagrams (a,c,e) and Euler angle diagrams (b,d,f) of the B, C, and D regions of the
high-temperature CMAS corroded YSZ coating, respectively
Images in (a,c,e), Green: t-ZrO,, Red: m-ZrO,, White: pore in the YSZ coating.
Different colors in (b,d,f) represent different grain orientations. Colourful images are available on website
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