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Strength Evaluation Test of Pressureless-Sintered
SiC and Rection-Sintered Si; N,

at Room Temperature

Katsutoshi MATSUSUE, Kitao TAKAHARA
and Ryosaku HASHIMOTO

ABSTRACT

In order to study strength characteristics at room temperature and the strength
evaluating-method of ceramic materials, bending-tests of bars, tensile tests of rectangular

plates, spin-tests of inner-peripherally notched disks and diametrical compression tests

of centrally holed disks were conducted on pressureless-sintered silicon carbide and

reaction-sintered silicon nitride specimens.

The relationship between the mean strength of specimens and effective volume or
effective area of specimens was examined using Weibull’s thoery.
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61=7O°, 62:900)
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Fig. 2 Spin Test Ring (Thickness=3mm,
a ; Stress concentration factor)
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Fig. 3 Schematic of Tension Test

Photo.1 Tension Test
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Table 1. Test Results

TESTS GD| n Ob m Ve | Se
3-Point 3x3 =40 |=| 59 | 222 | 64 | 25| 138
%be”d"‘g 5x5 1=100 | =| 20 | 221 |11.7 | 228] 766
‘;’. é’éggi'r?é 5x5 11100 = | 20 | 179 |14 | 959(3222
o | tension AL | 25| 136 | 7.7 |165.3]245.6
rotation, notched ring| 4 | 16 | 161 [ 12.6] 14| 104
3-Point 3x3 =40 | = | 59 | 434 | 53| 34| 166
. ier;dfng 5x5 1=100|=| 20 | 401 | 6.4 | 31.5| 920
B |bengimg 5%5 LIERl=1 20| 315 | 51 |115.0 [335.8
“tension 1| 27| 160 | 55|2132[3109
compression-ofring | =1 20| 30.7 [11.0 | 89| 323
Notation S.S1C ; Pressureless-Sintered SiC, R.B.S13N4 ;Reaction-Sintered Si3N4,

1, 1, ; Outer span[mm], I, ; Inner span[mm], G.D. ; Grinding direction

( = ; Parallel to tensile axis, L ; perpendicular to tensile axis ).

n ; Number of samples, ¢, ; Mean fracture stress [kg/mm? ],
m ; Weibull modulas, Ve ; Effective volume [mm®], Se ; Effective

area [mm?].
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Photo.2 Specimens after fracture

S.SiC, 3-Point Bending

S.SiC, Tension R.B.Si13N4, Tension

l
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Fig. 4 Diametrical Compression test of ring
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calculated stresses in kg/mnf)
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Table 2. Fracture stresses of various specimens

Notation

NO.

l. ¢; ; Outer span (mm), £, ; Inner span (mm)

NEFHEAARARE 618 5

; Test Piece Number , 0y ; Fracture Stress (kg/mm?)

S.SiC 3-Point Bending (3X3, £ = 30 mm)

NO. Ty NO. Op NO. Op NO. Op
11-1 48.7 18- 2 43.0 26-1 23.0 HU-1 51.2
11-2 4.5 19-1 3.0 26-2 43.0 34-2 42.7
12-1 48.7 19-2 38.0 21-1 50.5 35-1 45.7
12-2 29.7 20-1 38.7 28-1 46.7 3H-2 M7
13-1 46.7 20-2 32.8 28-2 52.3 36-1 66.3
13-2 36.5 21-1 57.5 29-1 43.3 36-2 36.2
14-1 40.7 21-2 38.2 29-2 43.3 37-1 32.8
14-2 51.7 22-1 5.3 30-1 38.2 37-2 48.2
15-1 52.5 22-2 49.7 30-2 40.8 38-1 32.5
15-2 53.8 23-1 5.3 31-1 24.8 3B-2 5.0
16-1 41.0 23-2 59.2 31-2 51.5 39-1 47.5
16-2 20.2 24-1 52.3 32-1 4.5 39-2 29.3
17-1 39.7 24-2 41.7 32-2 43.0 40-1 47.2
17-2 18.3 25-1 47.8 3-1 42.0 40-2 47.5
18-1 48.2 25-2 24.8 33-2 51.7

S.SiC 3-Point Bending (5%5, /= 100 mm)
NO. Oh NO. Oy, NO. Oy NO. Oy
1 3.1 6 31.8 11 46.2 16 48.5
2 40.2 41.4 12 4.0 17 39.1
3 25.2 28.0 13 48.6 18 48.4
4 37.0 38.4 14 32.0 19 39.1
5 49.8 10 28.1 15 49.0 20 48.6

S. SiC 4 - Point Bending (5X5, /, = 100mm,, Z, = 50mm)

NO. Ty, NO. Ob NO. Op NO. Op

26 40.7 31 36.8 36 35.9 41 40.0

27 28.3 32 27.1 37 33.1 42 14.4

28 4.2 33 21.1 33 40.6 43 26.2

29 17.4 34 37.0 39 37.4 44 25.3

30 29.8 35 31.3 40 36.1 45 24.5
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S.SiC Tension (6, = 30°, 6, =50°, thickness = 3mm)

NO. Oy NO. Oy NO. % NO. Oy
13.4 14.4 7 20.2 10 16.9
14.5 12.7 8 15.4 12 21.2
12.5 18.8 9 17.1 13 11.8
14 12.0
S. SiC Tension (8, = 70°, 6, = 90°, thickness = 3mm)
NO. Oy NO. Op NO. 4 NO. Oy
1 19.5 5 18.5 9 18.5 13 15.9
2 17.3 6 7.0 10 23.1 15 16.1
3 19.0 7 12.4 11 15.5
4 15.5 8 17.1 12 16.9
S. SiC Compression of Ring (D= 40mm, d= 30mm, thickness = 3mm)
NO. Ty NO. Iy NO. Tp NO. Ty
1 23.5 6 33.0 11 26.4 16 33.0
2 .4 7 3.7 12 29.3 17 4.2
3 32.0 8 32.9 13 30.9 18 21.8
4 24.1 9 A7 14 29.2 19 31.7
5 32.8 10 30.5 15 31.8 20 36.8
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R. B. Si3N4 3-Point Bending (3X3, {= 30mm)

NO. Iy NO. Oy NO. Oy NO. Oy
1-1-1| 23 |4-5-2| 245 |6-3-1| 222 | 8-1-1] 215
i-1-2| 23 |[5-1-1| 218 [6-3-2| 20 | s8-1-2| 192
1-2-1| 87 |5-1-2| 20 |6-4-1| 233 | 8-2-1| 183
1-2-2| 25 [5-2-1| 217 |6-a-2| 232 | 8-2-2| 23
1-3-1] 23 |5-2-2| 282 |6-5-1| 227 8-3-1| 20.2
1-3-2| 163 [5-3-1| 25 |7-1-1| 203 | 8-3-2| 182
2-1-1] 150 |5-3-2| 332 |7-1-2| 245 | 8-4-1| 168
2-1-2| 182 |5-4-1] 193 [7-2-1] 210 | 8-4-2| 200
2-2-1| 22 |5-4-2| 203 |7-2-2| 2900 | 8-5-1| 26.0
2-2-2| 28 |5-5-1| 187 [7-3-1| 240 | 8-5-2| 2.3
A-3-1| 220 |5-5-2| 193 |7-3-2| 21.0 {11-3-1| 185
4-3-2| 28 |6-1-1| 2.0 |7-4-1] 170 [11-3-2[ 19.2
4-4-1] 188 |6-1-2| 2.3 |7-4-2| 193 |11-5-1] 21.2
4-4-2| 237 |l6-2-1| 1723 [|7-5-1] 195 [11-5-2! 2.2
4-5-1| 22 |6-2-2| 170 |7-5-2] 2.5

R. B. Si3N4 3-Point Bending (5%X5, ¢ = 100mm)

NO. Op NO. Tb NO. Tb NO. Oy
1-1-1 20.9 1-2-3 26.2 1-3-4 22.2 3-2-1 4.6
1-1-3 20.0 1-2-14 21.6 1-3-5 21.8 3-2-3 22.0
1-1-5 19.8 1-2-5 23.5 3-1-1 22.2 3-2-4 23.3
1-1-6 22.1 1-3-1 25.6 3-1-3 19.9 3-2-6 19.8
1-2-2 23.8 1-3-3 21.7 3-1-4 23.4 3-3-1 18.0
R. B. Si3N4 4-Point Bending (5X5, Z, = 100mm, £, = 50mm)

NO. 9y NO. O NO. % NO. 9
1-4-1 16.3 2-1-2 17.2 2-2-2 19.8 2-3-1 20.5
1-4-2 18.4 2-1-3 18.2 2-2-3 16.4 2-3-2 19.1
1-4-3 17.2 2-1-4 17.1 2-2-4 14.9 2-3-3 21.0
1-4-4 17.9 2-1-5 13.8 2-2-5 19.7 2-3-4 20.5
1-4-5 17.8 2-1-6 18.2 2-2-6 17.3 2-3-6 17.3
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R. B. Si3N4 Tension (§, = 30°, 6, = 50°, thickness = 3mm)
NO. 9y NO. % NO. Oy NO. Tb
1 15.5 4 13.7 10.7 10 15.0
2 12.6 5 14.9 15.8 11 19.6
3 14.2 13.3 13.1
R. B. Si3N4 Tension (8, = 70°, 6, = 90°, thickness = 3mm)
NO. o, NO. % NO. % NO. Oy
1 15.8 5 12.4 9 16.0 13 16.0
2 10.9 6 17.7 10 12.0 14 11.5
3 10.6 7 13.9 11 9.5
4 12.9 8 12.6 12 13.6
R. B. Si3N4 Rotation, notched Ring (d = 1.5mm)
NO. O NO. 9 NO. O
1 12.6 13 14.2 15 16.5
2 16.5 14 17.0 16 16.5
R. B. Si 3N4 Rotation, notched Ring (d = 2mm)
NO. Op NO. Oy NO. Gy NO. Op
3 15.4 6 16.7 9 13.8 12 19.2
4 16.3 7 15.2 10 16.1
5 18.5 8 17.3 11 15.5
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Photo. 3 Fracture surface

3-Point bending (5% 5 Specimens)
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Rotation
R.B. Si3N4, No. 16

Compression_
S. SiC, No. 20
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