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E=kL/A E : Elastic modulus (FEMHEERDOLIZLSZERT
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SEEEMEAR(TARER)

=Gy G : shear modulus
G=E/[2(1+V)]

v - Poisson’s ratio v=|e},/ex I(=|EE/EI |)
if novolume change :v=1/2
E =3G

Real case : v ~ 1/2
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GSC: E, = 1020GPa , E,= 36GPa
FHMZHE R EE: Rule of mixture

E=1/[(273) (1/E.) + (1/3) (1/E.)]
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Normalized Young's modulus, F/E,

E(P)=E(Q)exp(-b P)
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Tensile stress, oy (MPa)
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Deformation/fracture Young's modulus Flexural strength Fracture toughness
(GPa) (MPa) (MPa =)
v
28.1 190 0.93
f T
¥
20.1 158 2~8
f ?
A 4
. v 5.5 9.6 0.53
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BD k a E S Kic Y R’ R:
(g/em?®) (W/m - deg) (10-6/deg) (GPa) (MPa) (MPa-¥m) (Jm?) (kW/m) (mm)
T e
| crystailline 1.76 130 4 9 25 0.8 80 90 1.2
: graphite (IG-11)
I steel making
i ot i 1.70 200 2 10 8 0.5 200 80 31
: satin laminated
: C/C composite 1.63 100 1 80 100 6.0 8000 125 64
(O ) o o e e e e e e e e e e e e e e e e e e o e
fused silica 23 1.6 0.9 72 80 0.8 4.5 2.1 0.051
alimina
B 250 : 096
(99.9%) B 3.98 30 6.5 400 S 33 15 29 0
Mg-PSZ
: 600 . 0.31
(TS-grade, NILCRA) 5.73 3.0 9.7 205 8.5 550 0.9
otpessed 32 33 2.3 310 500 5.0 40 23 0.050
silicon nitride _
BSEC, 3.1 110 3.8 400 350 35 15 25  0.050
silicon carbide

BD : bulk density k . thermal conductivity ¢ : thermal expansion coefficient

E : Young's modulus S:: tensile strength Kic : fracture toughness
y . fracture energy  Ri' . thermal shock fracture resistance (S k/0E)
R2 . thermal shock damage resistance ( YE/S2)



/
KROSAKI HARIMA

Background

Fiber reinforced refractories
in three point bending

Common Fiber-reinforced

External force ~ l Fiber

l . Resisting force
FR

Difference in the “Resisting force” = Reinforcement effect

Applied fiber : Carbon nanofiber (CNF) ‘
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Stress — strain curves

5 CNF content / %
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Bending strength and density
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Optical microscopy

SpeumenA(CNF 0%) | F(CNF 040%)
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Scanning electron microscopy
cien A (CNF : 0%) F (CNF :_‘___.40%)
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Mechanism of strengthening — 1
Specimen A (CNF : 0%) F (CNF : 0.40%)
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Mechanism of strengthening — II
( Detail : crack arresting)

Tip of the crack
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| mass%
Specimen a | b | ¢ | d | e | f
MgO 85 (Max. grain size: 0.5mm)
Graphite 15
CNF 0 0.27 (Specimen E)
Pitch 0 0 0 ‘ 0 1.5 ‘ 1.5
Al 0 2.5 0 2.5 0 2.5

Preparation of specimen

* Kneading
* Pressing
* Drying

* Firing

Evaluation

phenolic resin as binder
120MPa to 160 X 25 X 16mm
250°C for 5h

1400°C for 3h in reducing atmosphere

- Bulk density, Porosity
= Stress-strain curve by three-point bending method at R.T.
Span:140mm, Cross head speed:0.2mm-min-
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Stress — strain curve

. 5.5times

a (base)

b (metal)

c (CNF)

d (CNF + metal)

e (CNF + pitch)

f (CNF + metal + pitch)

Strain
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