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Crack healing behavior and bending strength properties of SiCy/SiC composite ceramics

Im-Sul Seo

MR Interdisciplinary Program of Mechanical Engineering
Graduate School

Pukyong National University

Abstract

In this study, after sintering the SiC¢/SiC composite ceramics as material
applied to blanket structure of fusion reactor, control the size of
micro-crack which is created by conducting Vickers test on that. And, the
refraction of crack was observed by using a Scanning Electron Microscope
(SEM) and the relation between the bending strength and crack orientation
were analyzed. The bending strength of Unidirectional Composite Specimen
(UCS) and Cross Composite Specimen (CCS) was 313 MPa and 230 MPa
as 1/3 of SiC matrix ceramics, respectively. And there is no relation
between the bending strength of SiC¢/SiC composite ceramics and the size
of pre-crack until the limited crack size.
Crack healing behavior was investigated -on SiC¢/SiC composite ceramics
and SiC matrix ceramics with coating SiO, nano colloidal on surface using
various method such as rolling, dipping and Hydrostatic pressure. Although
coating treatment with SiO, nano colloidal are conducted through the
Hydrostatic pressure method, SiO, Oxide is not created until the base of

crack, because the crack size of SiC¢/SiC composite ceramics are very large



and wide by the separation of interface of fiber/fiber or fiber/matrix, So,
the recovery of bending strength is unable to be expected as usual. Also, it
was conducted to investigate about limited surface crack size of SiC matrix
ceramics generating the crack healing behavior. Considering that crack
healing phenomenon relates to not the length but width of crack, in case
that SiC ceramics has 1.4 um width of crack and less, it is possible to
recover the bending strength, because the crack is healed completely. In
case that SiC matrix has surface crack up to limited crack width (1.4 um),
if repeat the Hydrostatic pressure coating treatment and the heat treatment
until the limited count, it is possible tocrack-heal the cracked part
efficiently. But, if it is~ over the limited count, could not expect
improvement of bending strength increases. And, nondestructively to
research more fundamental properties of ' SiCi¢/SiC composite ' ceramic,
investigated the relation between the bending strength and  the generated

elastic wave by applying wavelet method.
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Unidirectional Composite Specimen (UCS) Cross Compasite Specimen (CCS)

(a) SiC¢/SiC composite ceramics specimen

Single Phase Specimen (SPS)

(b) Single Phase Specimen
Fig. 2.4 A shape of the specimen



(Unit: mm)

Fig. 2.5 Dimensions of the specimen and the three-point bending system
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(a) Crack length 210 gm using 24.5 N

(b) Crack length 400 gm using 196 N

Tmm

(c) Crack length using ¢1 drill

Fig. 2.6 A shape of cracked part by the various load on the UCS specimen
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Fig. 3.2 Bending strength of. UCS, CCES and SPS depending .on the crack size
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Fig. 33 SEM image of UCS after bending test; (a) surface, (b) side, (c)

enlargement of circle (a)

Fig. 34 SEM image of CCS after bending test; (a) surface, (b) side, (c)

enlargement of circle (a)
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Fig. 3.5 Bending strength of heat-treated UCS and CCS specimen with SiO, nano
colloidal coating by dip coating method
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(c) Before and after crack-healing of diameter 1 mm using ¢1.drill

Fig. 3.6 The surface before and after-crack-healing with dip ‘coating of SiO, nano
colloidal on UCS cracked specimen.
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(a) Before and after crack-healing of length 280 um

(b) The enlarged image of (a)

Fig. 3.7 The surface before and after.crack-healing of UCS. coated" SiO, nano
colloidal with the hydrostatic' pressure process
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Fig. 3.8 Bending strength of-unidirectional composite specimen(UCS) according to

the heat-treatment temperature
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Fig. 3.9 Strength-deflection curve of unidirectional ~composite “specimen(UCS)

according to the heat-treatment temperature
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(a) Smooth specimen (b) 1,373 K, 1 h
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(&) 1,673 K, 1-h (f) 1,373 K, 10 h

Fig. 3.10 Surface morphology of heat-treated Tyranno-SA SiC fiber.
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Table 3.1 Surface element of heat-treated SiC fiber

element CK OK Si K total

(wt.%) (wt.%) (wt.%) (wt.%)
(a) 66.93 - 33.07 100
(b) 27.01 7.66 66.33 100
(c) 18.70 16.59 64.71 100
(d 12.04 22.85 65.01 100
(e) 10.88 2743 61.69 100
®" 14,68 18.54 66.78 100

* Heat-treated SiC fiber for 1,373 K, 10 h

_33_




m

35 SiC @4 Algte 29 F4G 9 ZYP BE 74 AF 54

B AoMe ¢ 348714 AP PA SiC/SiIC HFA F= 3] &0 #3
T oz 7|AAA SiC @AY dE XF S0 B A7E HP3)
At SiC At~ Af 715e @A A= Zol oF 450 m, Fo] oF
14 molgte A8 AT AF}S EYE olBt} Zo] Yo 79 Y H=

st SIO, Ux FEoJES AFHez IFFATI= WS A8 Fig

[-'0

311 Fo] W #EE 7+ SiC @A AFdo =z Sio, Y E=209]
92 AEA F, GAYE 7] A% EW T Aotk BA@)9 W
Zo o

7] el A A

o]
dH A SO, Y= F2olgS 7E ARTA JEFEA]7]7] 9

283 GAYE BRAAY.

Aehgo] oF FAES) gat 2 BBHA AW, 7D YRE stust
Y450 79 ) F2AAG (OF A5 LA 29 AN T A
# Ael @ Aolth W3 7 doldAW, GEBE 3T AWstA @
GAf7} ol TS S L 5 I ae BAF FH2 33 AN @9
AE S0, AsHE Fol ) ol FHHA wom EH Az} 333 A
9013

A Fee ¢ 5 ohoaebd P5sto R Si, L FRolY my
S AN F GAGsE FPE YA RN wEtE FGY9of
A BHAL AW, QA A5E 2 o)y

195 Yolud] PE Qo= BaEh

e

_34_



x18k BBS5Z

(a) before crack-healing (x 500) (b) once crack-healing

=18k BEB23 Z8kVY

(c) twice crack-healing (d) 3 times crack-healing

Fig. 3.11 The surface image according to heat treatment times of SPS  specimen
with about 2~3 um of crack width. (SiO2 mnano colloidal coating by the
hydrostatic pressure process)
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(a) before heat treatment (b) once heat treatment

VEGAN TESCAN

ercnu I

(c) twice heat treatment (d) 3 times heat treatment

Fig. 3.12 The surface image according to heat treatment times of SPS specimen
with about 1.8 m |of crack width. (SiO, nano colloidal coating by  hydrostatic
pressure and rolling coating ' method)
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(a) before heat treatment (b) once heat treatment
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(c) twice heat treatment (d) 3 times heat treatment

Fig. 3.13 The surface image according to heat treatment times ‘of SPS' specimen
with about 4.05 gm of crack width. (SiO, nano colloidal coating by hydrostatic
pressure and rolling coating method)
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Table 3.2 The surface elemental analysis of Fig. 3.12

clement 0K Al K Si K Y K
(wt. %) (wt.%) (wt.%) (wt. %)

1 24 .91 2.32 72.54 0.24

)
2 13.67 3.31 82.79 0.23
1 57.02 0.33 41.53 1.11

(¢)
2 34.92 2.72 59.66 2.69
1 56.54 0.40 42.02 1.04

(d)
2 34.60 2.24 60.25 2.91
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Fig 3.14 The SPM image- of cracked part after 3 times  heat treatment
width is about 1.8 um)
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Fig 3.15 The SPM image- of cracked part after 3 times  heat treatment
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