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Study on self-healing ability in ceramic matrix composite

reinforced with silicon carbide nanofillers

Son Thanh NGUYEN?, Tsuyoshi TAKAHASHI?, Tadachika NAKAYAMA?

In the next-gen aircraft turbine engine, environmental barrier coating (EBC) is employed to
protect the silicon carbide (SiC) blades against hot steam, the main cause for the SiC
vaporization. The uppermost ceramic layer of EBC is susceptible to cracking caused by
foreign object debris or thermal shock, thus self-crack healing ability is necessary. This layer
can be dispersed with a healing agent material which reacts with oxygen at high temperature
to form molten glass, whose volume expansion helps to close the cracks gap and heal the
surface cracks. In this research, we fabricate SiC/Yb2Si207-Yb2SiO5 nanocomposites and
investigate their self-crack healing ability. The healing ability was studied by using Vickers
indenter and scanning electron microscope. Bending strength of the composites before and
after crack healing was measured to demonstrate the benefit of healing on minimizing the
fracture probability. Two kinds of SiC healing agent having different morphologies were used
with various volume fractions to investigate their effect on the healing ability and strength
recovery. The results of this research can be important for the development of self-healing
materials applied in gas turbine blades.
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Fig.1 Schematic |IIustrat|on for surface crack healing in Yb,Si,O—
Yb,SiOs/SiC composite: (a) before cracking, (b) after cracking; (c)
oxidation and volume expansion by annealing (black arrows show the
preferred direction of volume expansion; (d) after annealing (white
arrows indicate newly formed Yb,Si,O; grains)

IMEADES, Fig. 1(b) K O Fig. 1(c) (2R~ KL 9
(2, SIC LEHEITR@ITHE-> TRIG L SiO H 7
AL CONABERT D -

SiC(s) + 3/20,(g) = SiOx(l) + CO(g) @)
L EORGCRHBEEIFHICET Y 7 by =

7 (CaTCalcSE, AIST) ZHWGtH L, Fig.2 T
LT A NVE—IHRED 7 75155, Rk

Q@QoE/L=x > &L E—Hm = -938kJ/mol % ez
T&7= (WO EE, ZIWWDWEEANLTHD Z
L EIRT).

P=1.01325bar
Reaction: SiC(s)+1.5*02(Gas) ==> Si02(l)+CO(Gas)

CaTCalc
-900
-910

-920

-930

-940

-950

dH (k)

-960

-970

-980

-990

-1000

500 1000
Temperature (C)

Fig.2 Molar enthalpy of the reaction (2) as a function of temperature
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Fig.3 XRD patterns and SEM images of the surface of the composites
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Fig.4 Bending strength of Yb,Si,O—Yb,SiOs ceramic (oc) and its
composites with different SiC (10 vol%) nanofillers: particulate (op)
and whisker (ow). All specimens were measured at room temperature.
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Fig.5 (a) optical images of as-polished, s-indented, annealed in air
specimens; (b) fracture developed through indentation in as-indented
specimen; (c) fracture distant from indentation in annealed specimen.
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Fig.6 Bending strength of 20vol% SiC composites as a function of SiC
particulate fraction (inset: a photograph of high temperature bending
strength test)
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