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Damage Analysis of Environmental/Thermal Barrier Coatings for
SiC/SiC Ceramics Matrix Composites
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SiC/SiC ceramics matrix composites (CMC) are considered to be promising materials for high temperature

component in aero engines. Environmental/thermal barrier coatings (E/TBC) are used to prevent CMC from oxidation

or recession. When sillous materials, which called CMAS (Calcium-Magnesium AluminoSilicate), are sucked into

aero engines, it deposit on the surface of E/TBC and deteriorate E/TBC.

In this study, effects of CMAS on E/TBC at elevated temperature was investigated. Eight kinds of E/TBC samples
including 8 wt.%Y,03-ZrOs, 20 wt.%Y203-Zr0,, Gd2Z1,07, Yb,Si,07 Yb,SiOs and Y,Si,07 were evaluated. For
Gd2Zr,07, Yb2SiOs and Y2Si204, protective layer was formed, which prevent further penetration of CMAS. Yb,SiOs

exhibited the highest resistance to CMAS attack.
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L7z. Table 112, SRR Lza—5 1 ¥ 7k
B O—E%RTo T2, KERF OS5 O WAL
%Fig. 1IZ/R_ T,

Table 1 APS coating samples list

Symbol Chemical Composition  Remarks
8Ysz 8 wt.%Y,03-Zr0,

20Ysz 20 wt.%Y,05-Zr0,

20YSZ-P 20 wt.%Y,03-Zr0; High porosity
GZO0 Gd,Zr,0,

GZO0-P Gd,Zr,0, High porosity
YbDS Yb,Si,0,

YbMS Yb,SiOs

YDS Y,Si,05

2.2 CMAS

ARRER T 2 M OB D 57 5CMASH K 2 v
72o CMAS-AiZ, 33Ca0-9MgO-13A10:5-45Si02 mol% P
B DOCMASTH ), ZOMBITERD Y —KT ¥ 7 b
IV ORMNSNIHAF O 2 H LIZL72d 0
Tdhbo CMAS-AITHIB DML O JH 2 FF &, HEL
72ob, 1500C T L, B LCTERLZ. $9 12

DCMASH & L TIZAFRL-03 (Powder Technology Inc.
) %7z AFRL031Z, KIEZESERE e 250 B bE
WBIEZ Y VWA ERE L TCEEILIZBETH D,
Z D531 Table 217§ ) Tdh 5%,

Fig. 212 CMASIH K DSEME (TKETR) 2777
2.3 CMASKIEER

CMASHIRZ T by ERELTATY =KL
&, I—7 4 ¥ 7B K EATE - H)40mg/cm? &
b XY —IT8BA L7,

CMASH A # DR 1T KK EBA O RSN T,
1350C CTHIE DI OB 2 17 - 720 FR, PR
134 9 C/min& L7z
2.4 RISHEOFHE

CMASKUG B %, BIIEHLAREIN, DHEZ 1TV,
AV T- WS (Scanning electron microscope, SEM)
2 & A%, K U'EDX (Energy Dispersive X-ray
spectroscopy) (2 & BT 21T 5720 72 BSEMH%E:
BT RHETGEEE L7,

3. RERERLER

a—7 4 ¥ 7B 2 CMAS-A L1350/ 50 hod £
LB &) PO & & 72 AR o W i AL RRSEMI{% % Fig. 3
12, AFRL-03&1350C/ 50 hJCJE & & 72 3B 00 W i

Fig. 1 Cross-sectional microstructure SEM images of APS coating samples, (a) 8 wt.%Y203-ZrOs, (b) 20 wt.%Y203-ZrOs,
(¢) 20 wt.%Y203-ZrO2 (high porosity), (d) GdaZr207, (€) Gd2Zr207 (high porosity), (f) Yb2SizOz, (€) YbsSiOs, (h) Y2Si2O7
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Table 2 Composition of AFRL-03 CMAS

Mineral Chemical Composition Amount [wt.%]
Quartz Sio, 34

Gypsum CaS0,4-2H,0 30

Aplite NaAISi;0g 17

Dolomite CaMg(C0,), 14

Salt NacCl 5

#RSEMf% % Fig. 4137779, B, CMASALnSE7:
YDS:iER i, K OFAFRL-03& R S & 7220YSZ, GZO,
YDSiAEE R 12 B W TR 0 — 512 $BEASE U 7228,
Fig. 3, Fig. 4 TIXARH B O WrimfkZ R L TWw5b, £
7o, RHEEFERF 1B LTI EE F e DA S oo 1 T L
T2 Gl U720 DUF T, AR O RO DRI D W
TR %,
31 Ay MUT7RERINVIZT

8YSZ, 20YSZ, 20YSZ-POiREEH I2B W TIE, TRED
X9 REEPHER SN

8YSZTix, CMAS-A/AFRL-03® & H 6 OCMASE
DORIBFEIZBWTY, BREEEIBEIL L2130, KE
N 235 L9 R oz, F/, Ao

Fig. 2 SEM images of CMAS powders, (2) CMAS-A (33CaO-
9MgO-13A101545Si02 mol%), (b) AFRL-03

Fig. 3 Cross-sectional microstructure SEM images of APS coating samples reacted with CMAS-A (33Ca0-9Mg0-13A10:5-45Si02) at
1350C for 50 h, (a) 8 wt.%Y203-ZrOs, (b) 20 wt.%Y203-ZrO2, (¢) 20 wt.%Y20s-ZrO, (high porosity), (d) Gd2Zr207, (¢) GdaZr207 (high

porosity), (f) Yh2Si»O7, (8) YbsSiOs, (h) Y2Si207
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ERFWDO7 Ty 7 5ELTWwiz, 20YSZ, 20YSZ-P
T, CMAS-A/AFRLO3® &% 5 OCMASE @ Bt
BIZBVWTH, EESERICHR RGP EEL TS
D, F72ZOREIZ20YSZOIE ) A L\, Fig. 5 (3)
1320YSZP/CMAS-AZRER i @ i) vh Jefif 58 @ 3 KSEM
B (FEFE) THY, KPR LAZEDITEEGH O
Fidkid Table 31278 LT b, EDXTOICESHREE X
D, KEHETHR TR A 288 (D) [ ZCMASH, B
AL R Z5HE (@) 3ZrOAMHTH 5 L HWT 5, 2
D XD DR NZrOM & F ORI 5 CMAS
HE W) RSB RIC Do THEELTEBY, 78
7 A N EOMOKESPESUS Y AER L CTw B AR I
DOWITNOEH THHRINLh o720 72, 20YSZ/
CMAS-A, 20YSZ-P/AFRL-03, 20YSZ-P/AFRL-03T % [fl
FeOMEABILE S N7z,

¥4, 20YSZ, 20YSZ-PIZA: U 7=kl K 22 WAL D Fe A 5
HIZDOWTELET 5, MEDNIEIZBNWT, 1y )T
BTNV 3 =T ZIARICRE A L 72CMASIZ LB %
DOREVFILIZIZFTE LA W T EDPERIITIRENT
WA, L7zht> T, CMASRARD —EmDOXILAFK
MR L WREME DS H 5, F72, Fig. 5 () ISRTEY
CMASIZIZ E A EDZIOH DO HICA D AATED, K

l(a) 8YSZ!

BRI N Tl AL, 2 WIZEERO X9 %
REL o TSR H 5. T X9 RIREEO R
NT, BRASIDP RN AN F -2 TIF572DICHKL
TWoZefiR, 20X ZHRERIITFER SN0 T
B hreERZ TS,

WAZ, Y2037 2 AL A O i I O g2 D v THREGET
T bo 8 wt%Y203ZrO: (8YSZ) &20 wt%Y203-ZrO:
(20YSZ, 20YSZ-P) & H#$ % &, 8YSZTId k&
JEATETOARR—F 2 LANMERE L TWw 5 %5, 20YSZ,
20YSZ-PTld & b ITHIEE 725> TR—F Ab2 4
LTwb, F72, CMASHD E K AHIZH 725 THAE
LTEBD, ZrOSCMASHIZHTHE L7- & 9 el & 2 o
TWwail, BEOREIHL V.

ZrO: DY 0: % EALKI O IIN = DWW T, Krause
1348wt.%Y203-ZrO2 A i WCMASI 2 5o Z & /R L
TBY, TOEKE L TCaYs(Si04)60:7 787 4 MEHK
12X 5CMASEAHIER) R %2 2817 T 5", —J;Costa
51E 8 wt.%Y:203-ZrOz & 12wt.%Y203-ZrO2 D CMASIii} 7%
ZEHII L, 12 wt.%Y203-ZrO:? 1% 9 2SCMASER A 3 é
WRKEPo/ZEMEL, FOEKE LT, ZEfbHlic

B ZEILORI % 2P T\ 512,

VL EOATI R OMEREZ R 2 5 &, 4 H O T

lc)20vsz-P
F +; N .

Fig. 4 Cross-sectional microstructure SEM images of APS coating samples reacted with AFRL-03 CMAS at 1350C for 50 h

(a) 8 wt.%Y205-ZrOs, (b) 20 wt.%Y203-ZrOs, (¢) 20 wt.%Y203-ZrO. (high porosity), (d

(£)Yb2Si207, (&) YhsSiOs, (h) Y2Siz07

) Gd2Zr207, (€) GdaZr20; (high porosity),
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Fig. 5 Higher magnification cross-sectional microstructure SEM
images of APS coating samples reacted with CMAS-A
at 1350 for 50 h, (a) 20YSZ-P sample (Fig. 3 (¢) 5-a), (b)
YbMS sample (Fig. 3 () 5-b), (¢) YDS samples (Fig. 3 (h)
5-¢)

fili L 7220wt %82 B DY 03D ML 7 287 4 MK
AT ThY, CMASRBAHRIKI RS 2w EHEES R
%o EHICEEAMOBIICMASIE R ZEEL, X1
BHAECMASRAZAELSELEEZ OND,

3.2 HRUZLYILAZ—F (Gd2Zr07)

Fig. 3 (d), Fig. 4 (d) IZ/R 3@ V), GZORER T Tl
CMASOR AT & % #EAl, 228 134000 o 2L A7 i 2
5140 ~ 180y mTIE T o TWW5, F72, Fig 3 (e), Fig.
4 () IRTHEY, ERILBOGZO-PREF T, 90 ~
120pmé&, X DBRBARSIEID SV, — 172 TBCH E
TH 5 8 wt%Y203-ZrO; TIEHSLE DML T 5 2SCMAS
BANCH T LRV ERE SN TWLEEA, fik
SRR olze TORRIF, T8F A4 N ORHET)
EDOBENHEN XN S, GdaZr:07iZCMAS & @ s 12
& D CaxGds(Si01) 6027785 4 M EIEE L, ZOREEY
DT84 ML )CMASER AT LE Witk % £
EEINTVEY, FILEDEHNGZO-POREBFIZHB VT
X, CMASH L D EZIEBENIRATLEEZEZOHNS
D, ZHUTEDBHIIT YA FERKTSHZLICLD,
CMASBEAD D Z o> TR HNT=DTIE RV L HEN
SNb,

¥ 72, GdoZr0712 %) 37 ACMASIE A 1L, CMASHL
WDOCa/Sitk DB %2 21F 5 & OWEDH 5, Dengb i3,
AGABR OCMAS-A L [ LA OCMASH &, CaO% I
5 L 72CMASH O GdaZr:0702 k3 5CMASE A% b
L, CaO% kS L7=CMASH DI ) 2ME A EH WS
LERLTWBD, —7, SHOEIZB W TCMAS-A
DCa/SIE NV HIX0.7412%F L, AFRL-03DCa/SiE IV Hild
041 TH 505, BRARSIINELCHoTVE, TOER
DEHTH %25, ZOFEKIE, WH ORI ER
FThHEHEERSIND, Thbb, CMASADRIN1240C™Y
2R L, AFRL-03Df@hpi131140CY K <, RERRE D
1350C TIZAFRL-03D 1% ) 25 & D AHEEAMER K BB I2 2
PESALNIIR AT A 2 ENTERBIICT I A4 M &2
L7=Z L2k, CMASBADPHZ b7 REMD D
5o

Table 3 Elemental composition analyzed by EDX (at.%), Region number corresponding to the number in Fig. 5

Sample Region Ca Mg Al Si Y Yb Zr Estimated phase
20YSZ-P @® 19 4 33 22 5 - 17 CMAS glass
@ - - 28 5 16 - 52 Zro,
YbMS ©) 17 20 - 28 - 34 - CMAS glass
@ 15 - - 36 - 49 - Yb-Ca-Si apatite
® - - - 9 - 91 - Yb,0,
® - - - 28 - 72 - Yb,SiOs
YDS @ 6 3 25 50 16 - - CMAS glass
® 8 3 1" 39 39 - - Y-Ca-Si apatite
©) 1 - 10 50 39 - - Y,Si,0;

¥ EDX quantitative analysis values are corrected to that sum of all cations concentration should be 100 at.%.
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3.3 HFEEXEIUH5—F (YbSi07, Yb2SiOs, Y2Si207)

YbDS, YbMS, YDS® 3 fi D4 >~ 7 )V OCMAS-A L
D50hr B ik B2 O W 22w T, SEM-EDXIZ X 58],
CaD~ v ¥ 7 %47 - 72k R % Fig. 61C/R9 . YbDSIZ
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BARSDVINE D072,

Turcer 5 1%, HE#EY2S1:07, YbeSi:O7DCMASIR AZEH)
R L, YhoSiz0713Y2Si:07& 152 7% ), CMASE @
FISIZE BT854 M &L ALK ET, CMASH
YhoSi:OAL S %l L CHLi T A 2 &, F/2CMASHEA
L 72YbsSi:O7 Xk 254 U, ‘blister ARZAL 5
ZERRLTWAEY, SHOEETIE blister 13FERR
SN h o 7225, YbDS/CMAS-AD G ER 13 a4 12
RKELEBMLTBY, (Fig 7) BREOBIEIZ X 5 EHMIG
HOFEIZL LD LIENTE 5,

YbMS, YDS® % 1ii f It @ $i K & %#Fig. 5 (b), (¢)
iz, D % 1l OEDXJC 3 5 AT &6 S % Table 312 7R

=1}

Fo TR OKERDP S, WTHNORBRAIZBNTY
Ca:REs(Si01)602 (RE = Yb, Y) 77284 4 M2 &
TWbEEZONL, = TTORMIZEZY, YDMS
TRBEREIIZHR > TT 287 4 b2 L, €D &I
CMASHF > TV B DKL, YDSTR7 /8% A4 ML
T HCMASHUZ T L 72 bk e & e o T be 2h
X, €/ —FTHhEYDMSDIT ) ASCMASE DL
JIRTT 28T A4 MK LB T 5Si0 w0 L
EZoNB, W LIZT /X4 bDZD L) BRIVEDE
WS, CMASORARZEDEVCOEKREEZ LMD,

Ca

Fig. 6 EDX mapping results of Silicate coating samples reacted with CMAS-A (33Ca0-9MgO-13A1015-45Si02) at 1350C for 50 h.
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