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Abstract: Environmental barrier coating (EBC) is essentia for protection of ceramic matrix composite hot-sections
in future gas turbine engines with high thrust-to-weight ratio. Rare-earth silicates, such as Yb,SiOs and Y b,Si,O,, have
been developed for potential application as EBC. However, the corrosion behaviors and mechanisms of EBC in molten
salt environment such as Na,SO, at high temperature are not clear. In this work, the Y b,SiOs/Y b,Si,O,/Si coating was
prepared by vacuum plasma spraying (VPS). The molten salt (Na,SO,+25% NaCl, in mass) corrosion behaviors and
mechanisms of the coating at 900 ‘C for 60-240 h were investigated. Results showed that the Yb,SiOs/Y b,Si,O//Si
coating exhibited dense structure with good bonding between the triple ceramic layers. The molten salt of

N&a,S0,+25% NaCl penetrated the Yb,SiOs top layer and enriched in the Yb,Si,O; interlayer, while the interfacia
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bonding between the coating and substrate still remained good after corrosion for 240 h. The Y b,SiOs phase in the top
layer exhibited good stability, while the second phase of the Y b,O; reacted with molten salt. The content of the Y b,0Os

decreased with the increase of corrosion time. The Y b,Si,O; phase in the interlayer reacted with molten salt to form

apatite phase of NaY bgSisO,s and sodium silicate as well as volatile species such as Cl, and SO,, which might shorten

the service life of the coating. Moreover, there was amost no molten salt in the silicon bond layer, which remained
intact. The Yb,SiOs/Y b,Si,O,/Si coating exhibited good resistance to molten salt corrosion.

K ey words: environmental barrier coating; ytterbium silicate; Na,SO,+25% NaCl molten salt; corrosion mechanism
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Tablel Operating parametersused for vacuum plasma spraying

Yb,SiOs  Yb,Si,0; Si
Primary Ar/(L-min™) 46 53 52
Secondary Ho/(L-min™) 14 10 13
Carrier Ar/(L-min™) 2.3 2.3 2.0
Spray distance/mm 220 220 290
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Fig. 1 XRD patterns and SEM morphologies of as-sprayed Y b,SiOs/Y b,Si,0,/Si coating
(a) XRD patterns; (b) Surface morphology; (c-€) Cross-sectional morphologies
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Fig. 2 Macro-photographs of Y b,SiOs/Y b,Si,O,/Si coating after molten salt corrosion for different time
(a) As-sprayed; (b) 60 h; (c)100 h; (d) 240 h
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Fig. 3 XRD patterns of Yb,SiOs/Yhb,Si,0,/Si coating after
molten salt corrosion for different time

Yb/(%, in atom)

Si/(%, in atom)

O/(%, in atom)

S/(%, in atom) Na/(%, in atom)

1 _ _
2 47.03 -
3 _ _
4 48.89 8.02
5 21.37 10.97

22.07 34.70 43.23
- 2.67 50.31
20.54 33.98 45.48
- - 43.09
0.92 322 63.53

Bl 4 YbySiOs/Y0,Si 0x/Si 12 215 £5 T8 b A [5] B 1] R AER A5 R v 3% % 3 e A [ o7 L 7T 35 9 A
Fig. 4 Surface morphologies of Yh,SiOs/Y b,Si,O,/Si coating after molten salt corrosion for
different time and correponding EDS analyses of different areas
(a-c) Low magnification; (d-f) High magnification
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Fig. 5 Cross-sectional morphologies and corresponding element analyses of Y b,SiOs top
layer after molten salt corrosion for different time

Kl 6 YDb,SiOs/Yb,Si,0x/Si 1k )2 G4 &6 J T A [F) I [ (1 T TR 50 I H. EDS Jo 3 Tl 43 A7
Fig. 6 Cross-sectional morphologies and corresponding EDS element mappings of
Y b,SiOs/Y b,Si,O4/Si EBCs after molten salt corrosion for different time
Colorful figures are available on website



1272 AL M OB IR

37 %

ANEL TGO Z; YR ALK %2 240 h, Si & 45 )2
EHRGES: TGO JZ. HEREFEEE N A KL Na
JCE AN, USSR RBER R4 )E.

7 LR B 60, 100 A1 240 h K% EAE
% YbySi,0; FAZBE X mfis 5 k. EDS JLE&H
INT. GG EDS M AT LURHL, 1BiF X 4 3 2
A =PRI B X K e B X AR RS
FORBURL(A 1. 5. 9, T Na:Yb:Si~1:9:6)
M N FE TR, HAk %3008 NaY beSisOg; G
FUN K [ et FEIX (05 24 6+ 10, T Yb: Si~
2:1)8 YbSiOse KEHTEEIX (513 7+ 11, JEF Lk
Yb:Si~1:1)8 Y,S,0,. BAfERIX (AT 4. 8. 12)
W& H Na. Siv Yb, O SR, Na e RF7E & %
A, "HEZ NaYb-Si-O L&l it xt Lk 7(a~c)
SRR R B, B B s A G K, AR AN EE K A
PR AR RUZ BT HE K

®2 B 7HRIEREH EDS TEAR/%(ETF )
Table2 EDS elemental compositions of the
marked regionsin Fig. 7/% (in atom)

Position Yb Si Na (0]
1 21.69 14.27 1.98 62.06
2 24.91 12.57 - 62.52
3 18.29 18.09 - 63.62
4 10.15 18.67 2.41 58.77
5 22.50 13.75 1.67 62.08
6 24.92 12.57 - 62.51
7 18.03 18.31 - 63.66
8 8.95 19.25 13.25 58.55
9 22.93 13.20 2.04 61.82

10 24.45 12.96 - 62.59
11 17.82 18.04 - 63.25
12 8.91 19.21 13.39 58.49
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Bl 7 4 NapySO,+25% NaCl 4 & Ji A [\ I (8] (4R 244 &R Y b,Si,0, A JE 15 1% X m f5 B30 & EDS Jt 2 1 43 it
Fig. 7 High-magnification cross-sectional morphologies and corresponding EDS mappings of
infiltration zone in Y b,Si,0; interlayer after molten salt corrosion for different time
Colorful figures are available on website
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Fig. 8 Schematic diagrams of Y b,SiOs/Y b,Si,O,/Si coating under Na,SO,+25% NaCl molten salt corrosion at 900 ‘C
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