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Abstract . SiC,/SiC ceramic matrix composites meet the high thrust-to-weight ratio requirements of next-generation aero-
engines but require environmental barrier coatings for protection under extreme high-temperature conditions. Current environ-
mental barrier coatings inevitably develop cracks during service, necessitating self-healing coatings for autonomous crack re-
pair. In this study, based on Yb,Si,0,, Yb,Si,0,-SiC and Yb,Si,0,-Yb,SiO5 were fabricated via spark plasma sintering
and pressureless sintering, respectively. The self-healing behavior of these composites was investigated to evaluate their
feasibility as environmental barrier coating materials. Results show that adding Swt% ~ 10wt% SiC to Yb,Si, 0, promoted
crack healing after 1 h at 1100 °C in air, driven by SiO, formation from SiC oxidation, which filled cracks through volume

expansion. However, at 1300 C, excessive SiC oxidation

KRS EE. 2024-08-27 EE B, 2025-02-18 caused significant volumetric stress, generating new cracks

S . XG0, 2002 44 BAEBISE within the composites. Yb,SiO; addition enhanced material

J‘Eiﬂﬂi%- A y‘\, % ' 1982 iliﬂ_" I WLk S densification and crack healing. The composite with 50wt%
: N 5 ~, H ) - )

Yh,SiO; achieved optimal healing efficiency (78%), at-
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tated crack closure in the Yb,Si, 0, matrix.

Key words: Yb,Si,0,; composite material; self-healing; crack; environmental barrier coating
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Fig. 1 XRD patterns of Yb,Si,0,-SiC ceramics before and after heat
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treatment at 1100 °C in air for 1 h: (a) containing Swt% SiC,
before heat treatment; (b ) containing 5wt% SiC, after heat
treatment; ( c¢) containing 10wt% SiC, before heat treatment;

(d) containing 5wt% SiC, after heat treatment

&2 FEZSSH 1100 CHALEE 1 h BTJE Yb,Si, 0,-SiC &2 4 M B YA SEM MR . (a) & 5% SiC, PUEHAFT; (b) & 10% SiC, #
AEHRRT; (o) 5% SiC, MULHE; (d) & 10% Sic, LIS
Fig. 2 SEM images of Yb,Si,0,-SiC composite ceramic blocks before and after heat treatment at 1100 °C in air for 1 h: (a) containing Swt%

SiC, before heat treatment; (b) containing 10wt% SiC, before heat treatment; (c¢) containing S5wt% SiC, after heat treatment; (d)

containing 10wt% SiC, after heat treatment
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Table 1 EDS analysis results of points marked in fig. 2a and 2c
(at%)
Yb Si [0) C
Point 1 5.34 37.47 7.61 49.58
Point 2 16.09 19.02 24.71 40.18
Point 3 4.54 36.47 30. 64 28.35
Point 4 18.09 19.07 45.78 17.06
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Fig.3 Crack healing efficiency of Yb,Si,0,-SiC composite ceramic

blocks containing Swt% and 10wt% SiC after heat treatment at

different temperatures for 1 h
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TR SEM R (a) & 5% SiC, #MALFLRG; (b) & 10%
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Fig.4 SEM images of Yb,Si,0,-SiC composite ceramic blocks before
and after heat treatment at 1300 °C in air for 1 h; (a) contai-
ning 5wt% SiC, before heat treatment; (b) containing 10wt%
SiC, before heat treatment; (c) containing Swt% SiC, after
heat treatment; (d) containing 10wt% SiC, after heat treat-

ment; (e) oxidation product filling crack
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Table 2 EDS analysis results of points marked in fig. 4e(at%)

Yb Si (0]
Point 1 2.05 35.81 62. 14
Point 2 21.70 23.00 56.31
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Fig. 5 Schematic diagram of surface crack healing mechanism of Yb,Si,0,-SiC composite ceramic blocks during high-temperature treatment
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Fig. 6 XRD patterns of Yb,SiO5 and Yb,Si, 0, ceramic blocks after
sintering at 1600 °C for 10 h



222 AR

a4 3%

7 1600 CHe%E 10 h 5 Mt
Yh,Si0s [ Yb,Si,0,-Yh,Si05, (e) %

AL, (a)Yb,Si,0,, (b)Yb,Si0s, (c¢)
75% Yh,SiOs I Yh,Si, 05-Yh,SiOs

25% Yb,SiO; 1 Yb,Si,0,-Yb,Si0;, (d) & 50%

Fig. 7 Microstructure of ceramic blocks after 10 h sintering at 1600 C: (a) Yb,Si,0,, (b) Yb,SiOs, (c¢) Yb,Si,0,-Yb,SiO5 containing
25wt% Yb,SiOs, (d)Yb,Si,0,-Yb,SiO5 containing 50wt% Yb,SiOs, (e) Yb,Si,0,-Yb,SiOs containing 75wt% Yb,SiOs

3 Tc FRIE R EDS T4 R
Table 3 EDS analysis results of points marked in fig. 7c( at%)

Yb Si (0] Ty, ;i
Point 1 28. 66 14.20 57.14 2.01
Point 2 22.70 21.00 56.31 1.08
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(B 1, A3)Yb 5 Si WEFHS Yb,Si,0, HHEL, A€
Ak (A2, A 4)Yb 5 Si RIS Yb,Sios AL, H
A PR T A A 0 TT 2R LA - A B T [ 7 5 1Y L A9
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TR Yb,Si,0, HIAT Yb,Si0, A, HERR T HARAZ 51
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8 1350 CFHAKEHE 10 h )5 P B HAR R A R LB A (a)
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Fig. 8 Crack healing on the surface of ceramics blocks before and after heat

treatment at 1350 °C for 10 h: (a) Yb,Si,0;, before heat treat-

(¢) Yb,Si,0,-

Yb,SiO5 containing 25wt% Yb,SiOs, before heat treatment; (d)

Yb,Si,0,-Yh,SiOj containing 25wt% Yb,SiOs, after heat treatment

ment; (b) Yb,Si,0,, after heat treatment;

(5] 10 i s R M S5 RCR B Yh,Sio; & iy AE
AR NI Ml‘é‘lﬂiﬂ‘fu%tﬂ, AN & Yb,Sio,
Yb,Si, 0, K’@%ﬂ%%tﬁi{iT%&f}c@ , AR AEHK
FALTE 19% /247, 4 Yb,SiOs &N 25%5# A
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Table 4 EDS analysis results of points marked in fig. 8¢ and 8d(at%)
Before thermal ageing After thermal ageing
Spectrum location Yb Si (0] Spectrum location Yb Si 0
Point 1 20. 49 19. 63 59. 88 Point 1’ 20. 54 19.79 59.67
Point 2 27.67 13.27 59. 06 Point 27 27.78 13.35 58.87
Point 3 21.23 19. 84 58.93 Point 3’ 21.48 20.13 58.39
Point 4 28.43 13.98 57.59 Point 4’ 28.67 14. 01 57.32

#YDb,Si,0,

After thermal ageing ¢ Yb,SiO4

Before thermal ageing

Intensity/(a. u.)

l [’M " ‘I‘w i owll
PDF#82-0734 Yb,Si,0,

1 | ‘ l | 1 | | ‘I || UL ] Ll
10 15 20 25 30 35 40 45
26/degree

9 £ 25% Yh,SiOs f Yb,Si,0,-Yb,Si05 & & M BHALE 1350 C
HLLER 10 h HITJF Y XRD [
Fig. 9 XRD patterns of Yb,Si,0,-Yb,SiO5 composite ceramic blocks
containing 25wt% Yb,SiOs before and after heat treatment at
1350 °C for 10 h
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Yb,SiO5 composite ceramic blocks and volume fraction of Yb,SiOj
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Fig. 12 Diagram of crack healing mechanism in Yb,Si,0,-Yb,SiO5( YbMS-YbDS) composite ceramic blocks
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