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Crack healing behavior of silicon nitride according to the amount of additive SiO;

nano colloidal

Sang hyun Park

MR Interdisciplinary Program of Mechanical Engineering
Graduate School

Pukyong National University

Abstract

This study analyzed the characterization of bending strength of SizNy
composite ceramics based on variations in the amount of nano colloidal
SiO, added. Semi-elliptical cracks about 100#m in length were obtained
from a Vickers indenter using a load of 24.5 N. The results showed that
the use of an optimum amount of added colloidal SiO, and' the coating of
colloidal SiO, on the cracks could significantly increase the bending
strength. The crack-healed specimens showed the highest crack-healing
strength at the crack-healing temperature of 1,273 K regardless .of whether
SiO, nano colloidal was-used. With regard to.the bending strengths of
SisNs composite ceramics according-to additive SiO; nano colloidal, it can
be concluded that 1.3 wt.% of the colloidal SiO,, which gives the highest
bending strength for smooth and crack-healed specimens, represents the
optimum amount. The bending strength of a smooth specimen without the
colloidal SiO, coating exhibited the highest crack-healing strength at the
SSTS-2 specimens. However, the bending strength of heat- treated smooth

specimen with the colloidal SiO, coating exhibited the highest crack-healing



strength at the SSTS-1 specimens. Limiting temperature for bending strength
of a crack-healed zone for bending strength was about 1273 K. However,
the bending strength of SSTS-3 and SSTS-5 increased considerably while
that of SSTS-1 and SSTS-2 decreased at a temperature of 1,573 K. In
addition, the crack-healing characteristics of specimens according to the
crack lengths and the coating methods of SisNs composite ceramics with
long cracks were analyzed. Cracks of about 100 ~ 500xm in length were
obtained from a Vickers indenter using the load of 24.5 ~ 98 N. In the
case of a crack using a load of 24.5 N, the crack-healed specimen with
SiO, nano colloidal coating exhibited the highest bending strength, which
increased by about 140% compared to that of a smooth specimen, but the
multi crack-healed specimens with SiO, nano colloidal coating had a lower
bending strength than that of a smooth specimen. However, the bending
strength of most multi-crack specimens slightly increased compared to that
of the cracked specimens. Based on these results, the crack healing
characteristic of multi indentation Si3Ns4 ceramics according to the coating
methods was studied. In this-study, the most effective-coating method on

the long-crack specimens was-hydrostatic pressure coating.
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Table 2.1 Batch composition of specimen (wt.%)

SizNy SiC Y>Os TiO, SiO; colloidal
SSTS-1 0.0
SSTS-2 1.3
SST1S5-3 80 20 5.0 3.0 26
SSTS4 5.2
SSTS-5 10.4




Si;N, (80 wt.%)

Y,0; (5 wt.%)
TiO, (3 wt.%)

SiC (20 wt.%)
|

Si0, colloidal
(0.1.3,2.6.52.
10.4 wt.%)

[ Mixing

Alcohol, 24 hr ]

Drying

Sintering

Hot press under
2123K ,1 hr

35 MPa,
in Ng

Fig. 2.1 Sintering flow chart



(Unit: mm)

Fig. 2.2 Dimensions of the specimen and the three-point bending system

used for this study
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a) as-cracked crac'k length : 1

b) without SiO, colleidal coatlng atsd, 2731 K

(

(

(c) with SiO; colloidal ¢ 1,273 K @/
( %57{5“

(

d) without SiO, colloidal co“hn.g
e) with SiO; colloidal coating at 1, 573 K

Fig. 3.1 crack healing during 1 h in air without/with SiO, colloidal coating
(SSTS-1 specimen)
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4
Vickers

indentation

Vickers
indentation

\

Vickers
Crack indentation

Vickers
indentation T\(‘rack

(@) without SiO, colloidal coating at-1,273 K
(b) with SiO; colloidal coating at 1,273 K
(c) without SiO; colloidal coating at 1,573 K
(d) with SiO; colloidal coating at 1,573 K

Fig. 3.2 crack healing appearance and surface roughness by SPM (SSTS-1

specimen)
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1400

| | Open symbol : SSTS-2
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= 1200 Y
B L
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e — e A ’
~
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£ 800 -
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o 600
o0
£ - [ J(@)
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= 200

L Smooth As-cracked Heat-treated

0 specimen specimen smooth specimen

Fig. 3.3 Bending strength of smooth and as-cracked for SST$-1 and
SSTS-2 specimen
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| Open symbol : with SiO, colloidal coating

—~ 1200 H Solid symbol : without SiO, colloidal coating i
s: L * : Fracture occurred outside the crack-healed zone
S 1000 -
=y | O e ave, — 95 MPa (SSTS-1)
)
- 800

o0

= L

£ 600
N

74 L

o0 L

= 400
06 L

S 200 .
2] |SSTS—1 cracked specimen-and heat treated for 1 h in air | 1

1 |

0 | | | |
600 800 1000 1200 1400 1600
Crack healing temperature (K)

Fig. 3.4 Relation of bending strength and crack healing temperature using

SSTS-1 cracked specimen without/with SiO, colloidal coating
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| | Open symbol : Smooth specimen
~_ Solid symbol : SiO, colloidal coating on cracked
< 1200+ ’ -
[~ and heat treated for 1273 K, 1 h in air
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&0 800 i
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= ol e *
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nca 200
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0 | | 1 | | |

0 2 4 6 8 10
Additive SiO, colloidal (wt.%)

Fig. 3.6 Bending strength according to an amount of additive SiO,' colloidal
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Fig. 3.7 Relation of bending strength and crack healing temperature using

cracked specimen with SiO colloidal coating

- 22 -



33 B2A9 ¥ FF A=

Fig. 382 7H| SiO, Ui S=2o|g9 ol wE ZAY wd = W3}
£ UEd Zolth 3 Y(0)2 EAAFEHY, AL (@) EAAFEH 9
o Si0, U= EEo|ES AW 1,273 Ko &7 FollA 14

)
off

o
12
o

]

AlgHolt}t, Si0, Y FZo]Y 0.0 wt.%Q ZAY(SSTS-1)e Ht #F A==
595 MPa°ol A%, SiO, Ui FEo|ES F7IgE EAl= H7behA & EAR
o 157 %(1.3 wt.%, SSTS-2), 150 %(2.6 wt%, SSTS-3), 128 %(5.2 wt.%,
SSTS-4), 117 %(104 wt.%, SSTS-5)d<Fstith. A 2stA] & EAlA =
SiO; 1.3 wt.%(SSTS-2)5 H71st AlgHe] Ha Z=E yede], A o]
gt st d?. @9, Sio, U F2o)9S FEste]l IdAd 00 wt% &
(@, SSTS-1)¢] B FIZEE 1111 MPag HeRfo], ZA1(0)e F=rt}
187 % Z4sstAnt. 28y Azkeel F71gel webA Sio, F2olgS AW
BEAARAS] FEe A AFAR vz AY Rt e AEE UE
Uitk ol o] #4 XH EFE 4 SiOE Ml weEba =A<
Zxo] JFE FUh F, EAAFAHLS 1.3 wt%(SSTS-2) 04 Hil F=E

Fol F7hehol mebA Z4skAn 28 AL Sio, Ui FRold
T8 A PAL 0.0 wt.%(SSTS-1) el Ha BEES ved 5, HA7bE F71
uebA ZAadte, S0y Ui FEo|EY F 57
g Afroll 71dst= S0, 4tsk=e] Qo] HEstH f2]4d€) S0 A8 #F o]
Bo.2 F7tste H3EHgk Aolg wdt.

-

H
m

i,

2

2.‘:

_23_



1200 @ @ Heat treated smooth specimen with SiO, colloidal coating
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Fig. 3.8 Bending strength according to an amount of additive SiO» colloidal
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Fig. 3.9 Fracture surface structure by SEM of heat treated specimens at

1273 K, 1 h in air ; (a) SSTS-1, (b) SSTS-3, (c) SSTS-4, (d) SSTS-5
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Fig. 3.12 The elem-ental mappi by EPM high tempera,ture test
(SSTS-3). (a) 1 273K (b) 1,573 \
.IIII
\H""--. \gi':' ;}g
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Table 3.1 Composition of surface by EPMA (wt.%)

Compo.
Temp:. Si Y Ti C O
Speci.

1273 K 75.874 8.856 2.162 13.107 0.000
SSTS-1

1573 K 74.843 7.937 3.484 10.496 3.241

1273 K 77.044 7.574 2.302 11.344 1.736
SSTS-3

1573 K 77.474 7.667 2.482 3.566 8.812
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Fig. 3.13 The characteristics of crack healing according to the crack length
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Fig. 3.14 The micr/oépe pattern of cracked specimen\iy\ multiple
g 1

indentation
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Fig. 3.15 The characteristics of ‘crack-healing of long crack from multiple
indentation by 24.5 N
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Fig. 316 The crack surface pattern-by SEM' of heat treated specimens at
1273 K, 1 h in air ; (a) x 300, (b) x 1,500, (c) x 15,000
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Fig. 3.17 The crack healing characteristici of long—crack according to

the coating methods
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Table. 3.2 The composition analysis of crack-healed part according to

coating methods (%)

Si @) N Ti Y
Dip coating 64.97 11.28 19.79 3.63 0.33
Hydrostatic pressure
) 52.31 29.61 16.21 1.62 0.25
coating
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