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Toughness and Thermal Shock of SiC Fiber/Yttria-stabilized-zirconia
Composite Thick Thermal Barrier Coatings
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Abstract: Using ZrO,-8wt%Y,0; (8YSZ) and agglomerated P7216 (8YSZ and Perlite powder ) powders as raw ma-
terials, SiC fiber/YSZ (SFY) composite thick thermal barrier coatings (TBCs, >4 mm in thick) were prepared by At-
mospheric Plasma Spray (APS) on substrate. The microstructures of columnar coating were analyzed by scanning
electron microscope (SEM). It showed that SFY coatings had a reinforced concrete frame structure, which protected
the coatings from failure caused by thickened coatings. Based on the technique of computed tomography, the porosity
of TBCs were investigated. And the thermal shock, fracture toughness and thermal conductivity (TC) of both SFY and
YSZ coatings were examined and discussed for the SiC fiber toughening mechanism. Test results showed that the
SFY coatings had higher fracture toughness and better thermal shock resistance than the YSZ TBCs. At 25C, the
TC of SFY coatings was 0.632 W/(m « K), about 50% reduction of typical APS YSZ TBCs. Data from this study
showed that the SiC fiber effectively hindered crack growth and diffusion by crack deflection and crack termina-
tion of SFY coating, which was beneficial for growing of the reticular microcrack and improving thermal shock
resistance and fracture toughness.
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Table 1 Spraying conditions of atmospheric plasma spray

Spraying condition Parameter
Are current/A 450
Primary plasma gas flow/(L * min™") Ar (0.55)
Secondary plasma gas flow/(L * min™") N, (0.3)
Powder carrier gas Ny
Powder feed rate/(g * min™) 20
Spray distance/mm 85

K H FIAE R T2 2400 %5 7 LA NiCoCrAlY
hR R, 8YSZ BEENTZWIE, HEEAN
1.5 mm ) YSZ #BEIREAE R xS Lk, 20 #r 274
X TR 2 P BE IR R M
12 BRHEHEDH

KA HA JEOL A w477 ¥ JISM25610LV A4
RS SFY 46 JE MR E T A4 5 &
JEZ A EAEH, JFIEH Image T AN T2
(R FLER 2 AT 40 4T
1.3 ERBMEREMR

SR S IR IR 2 A (e I 4 v, Sk
i 4 30 kg, FFEIRINTAIY 15 s, Wl &R LK BT
105K FEAN VR JZIAFE ERENLEL S /SRR, 15
HA BN RGAKE o WRJE W R AR LA R 7
Pt gt

Kic =0.016(E/H)">(P/C¥?) (1)
X Kie AW PIVEE; P 2INEdnr E 241K
PR, H R 4E GRS C LK.

4 SX2-12-16A J =X H BHA I 5 152 2 4 1000°C,
Rrild RIS B, B o8 B TR J2 R 28 b A £ U
Smin JFEH, ARAEBEE 20°CHEN—MER
(id b #ahil—). R L EAIEIR SRR BB E
R TR X IR 73 2 )8 BN IR Z R AR
(1 10%, ICs% I PRI R EE N iR 2 HGE RS
K, AR R T . WS R
FhrdE Q/AVIC06016.1-2013.

Bl 1 SFY S3a i 2 i n 2 U 3t @) Al FL B 1 (b)
Fig. 1 (a) Macro morphology and (b) SEM image of cross-section of SFY composite TBCs systems
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Fig. 2 SEM images of the cross-section of the SFY composite TBCs (perpendicular to the axial)

£4800 5 0kV 8.0mm xB.00k SE(M)

B3 SiC 21 4E/YSZ AT Hbi 2 (K 2T A I H L)
Fig.3 Toughening mechanism of fiber in the SiC fiber/YSZ composite TBCs
(a) Crack deflection; (b) Crack termination
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Table 2 Fracture toughness of two types of coating

Coating YSZ-Kic SiC fiber/YSZ-K;¢c
D /(MPa-m'?) /(MPa-m'?)
1 1.11 1.53
2 1.17 1.74
3 1.11 1.89
4 1.13 1.82
5 1.12 1.37
Average value 1.13 1.67
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Table 3 Number of sustained cycles for SFY composite
TBCs and YSZ coatings, and the corresponding coating

thickness
SiC fiber/YSZ YSZ
Coating ID ~ Thickness Thickness
/oo Cycles /o Cycles
6 4.33 53 1.53 20
7 4.24 52 1.47 23
8 4.15 55 1.42 29
Average 4.24 53.3 1.47 24
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Fig. 4 Surface crack growth pattern of SiC fiber/YSZ com-
posite TBCs after thermal shock
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