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High temperature oxidation behavior of
Si/mullite/Er,SiOs environmental barrier coatings

FAN Jin-juan"?, CHANG Zhen-dong?, TAO Chun-hu?, WANG Fu-chi'

(1. School of Material Science and Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: Si/mullite/Er,SiOs environmental barrier coatings (EBCs) were manufactured by chemical vapor deposition
and plasma spraying on the SiC/SiC composites. The oxidation tests at 1350 ‘C and 1500 C were carried out to study the
high temperature oxidation behavior the coatings and the structure changes were analyzed by SEM, EDS and XRD. The
results show that Si/mullite/Er,SiOs EBCs can serve at 1350 °C for a long time but at 1500 ‘C only for a short time. The
oxidation failure mechanisms vary with temperature. The failure cause of the Si/mullite/Er,SiOs EBCs at 1350 °C is that
the thermal expansion coefficient of EBCs cannot match well with that of the substrate, resulting in the formation of
cracks in EBCs. The atoms of O diffuse through the cracks to the interface between the bond coat and substrate. As a
result, the bond strength decreases due to the oxidation of the bond coat and substrate, resulting in falling off of the EBCs.
The oxidation failure cause at 1500 “C is that elements diffuse fast and react with each other, resulting in the formation of
a lot of glassy phase.
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Table 1 Process parameters of plasma spray

PR WRFER S 15 mm X 10 mm X 5 mm. 55347
HE]JZ A ErSiOs T2 1R A5 8 1 i o7 VA il 4
HARMBERZ AR 1, SR R JZH EnSiOs 112
MBS 0 150 pumo. Si R4l 2K AL 22 S AR DR O
Wi, WHATEEE N 1050 °C, KN 3X10% Pa, SiCly
AR 2.5X107° m'/s, fil# 1RGS2 IR L0 10 pm.
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A, IF K SEM(FEI-QUANTA  600)
XRD(Bucker D8 Advance). EDS(IN-CAX SIGHT6264)
TR IZHAT IO TESR . A8 S 8oy o3BT, TR 2
£ 1350 “CHI 1500 CHASEH J5 1 45 K F 1853 24K
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K1 TR A S5 K AT /Exr,SiOsEBCs S8 A6 AN [ i 1]
1) WRFAIE AT T BT LA Y, Si/52K 41 /Er,SiOsEBCs
FALE 250 h i, ERR WA L A SRR
350 h i), VRJERMHILNRLG FA S 400 h I, ¥R
RGBT E R R

22 BRERNEHMSRSTH
22.1 1350 CHAL

Kl 2 s b Si/BERAT/ErSiOs BB 2 VTN A
K2 1350 CEALAN A I ) J5 R T O 3. M
2(a) T ATELE Y, WO IR 2 R AR, o] L
Z 1AL, VR R 53 D8 4 Jes i DX Al 6 4 i DX Bl
by LA B PR R R ET . WRE ST 150 h AR
foJE, B S 2(b)): S SEERIE 250 h
I, ARG AR, ARG, {ERER
T IR T R B AR 2(c))o SEERHEAT 3 400 h

Material Current/A Main gas/(m*s™") Assistant gas/(m*s™") Carry gas/(m*s™") Powder feed/(m*s™)
Mullite 0.85 59x107* 3.1x107* 6.3X107° 2.7X107°
Er,SiOs 0.85 55%107* 3.1x107* 6.3X107 25%X107°
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Fig. 1 Appearance of Si/mullite/
Er,SiOs EBCs after oxidation at
1350 C for different time: (a) 0 h;
(b) 150 h; (c) 250 h; (d) 350 h; (e)
400 h
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Fig. 2 Surface morphologies of Si/mullite/Er,SiOs EBCs after oxidation at 1350 C for different time: (a) As-sprayed; (b) 150 h;

(¢) 250 h; (d) 400 h
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B3 Si/SLRA/EnSiOs UK AR YIRS 1350 CHALA
RN T/ ) XRD %
Fig. 3 XRD patters of Si/mullite/Er,SiOs surface for powder,

as-sprayed and oxidation at 1350 C for different time

Er,SiOs JZE3EAR1 O 6% EDS LIl dt. MK 5
T LUE Y, EAT O JCE IR, 2 S Ak 1 th
T OJtE, Uil O LR AT HAEKi4: 2 54k, 1k
i, EDS [ mir i ai R, RG2S AR DO 2
il A TG O JCH ) SiALZE A1 O 1 i ik 46.75%(J%
EAEOE 2). FHEENK O TGRS JE Ak
Ak, KR BRIRE IR L . AR 2 ik nT UG

Bl 4 Si/5%KA1/Er,SiOs EBCs 1350 CAALAN I 8] i )k
I3
Fig. 4
oxidation at 1350 “C for different time: (a) 150 h; (b) 250 h

Section morphologies of Si/mullite/Er,SiOs after
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Distance/um
Bl 5 Si/5LkK4i/Er,SiOs EBCs %4k 250 h J5¥RZ#iIH O st
# EDS i
Fig. 5 EDS spectrum of O for Si/mullite/Er,SiOs EBCs after
oxidation for 250 h

T2 Si/FORAI/ELSIOs MR RAM 250 h )5 Si k4= (1 EDS
VRESES
Table 2 EDS analysis results of Si/mullite/Er,SiOs of

bonding coat Si after oxidation for 250 h (mass fraction, %)

Si (6] Al Er

46.19 46.75 4.10 2.96

. EnSiOs )2 55CkAJET Al JTHEE Er J6E W
Si R 2R AT ¥
222 1500 ‘C4HAk

Kl 6 sy Si/FKA/Er,SiOs Bk iR 27
1500 CHALAN [FIIS B 5 IO TE S . tHIE 6 W& H,
FALSEREET 2 h G, WREARTEI, RERIH I
TG 6(a)), FEHEAR G VR o S 1t ] WK ) B8
ARV 6(b)), FIHESE Si kg 2Rt e,
KA Si B AR 1412 °C o PRJZ AR 4 DX IR AR 1l

Bl 6 Si/ZLKA1/Er,SiOs AL 1500 C A I A i AU REAE
Fig. 6 Oxidation characteristics of Si/mullite/Er,SiOs EBCs oxidated at 1500 “C for different time: (a) Surface, 2 h; (b) Interface

between coat and substrate and inner coat, 2 h; (c) Surface, 5 h; (d) Interface between coat and substrate and inner coat, 5 h
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Er,Si,0; (IR AW . IRIZ4 1500 CHAL AT fE R 2E T
RN

28ErZSiO5+5(3A1203-ZSi02)—>3Er6A1]0024+ 1 9Ergsi207
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i Er25i05
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Bl 7 SiZEKRAERSIOs WRIZTE 1500 CHAL 5 h G
XRD i

Fig. 7 XRD patters of Si/mullite/Er,SiOs after oxidation at
1500 °C for 5 h
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