20054 #7 Sl HES LZHEEE, 20054 68, AE

A TIN &8 g L2HYolE ARFY AF A &5

Pinning efficiency of austenite grain boundary by Cubic shaped TiN particle

: Modification of Zener coefficient for Cubic shaped particle
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ABSTRACT Zener coefficient on cubic shaped particle was proposed. Most previous
researches about Zener coefficient were developed on the assumption that the
shape of particle is spherical. But, some particle has other shape, and modification
of Zener coefficient needs with shape of particle. In this research, TiN particle that
has a cubic shape was considered. A Zener coefficient of a cubic shape TiN was
theoretically calculated with appropriate assumptions. And, using a semi—empirical

method, Zener -coefficient

was also measured. Finally,

the proposed Zener

coefficient was proved by comparing with experimentally measured data.
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Fig. 1 Heat treatment for isothermal test
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3.1 Zener drag force by cubic single
particle
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Fz = (Three dimensional total contact line
between grain boundary and particle)x(Surface
tension of opposite direction on the migration
of grain boundary) (1)
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Fig. 2 Geometry of interaction between migrating
grain boundary and cubic particle (a) Sloped
contact, (b) Paralleled contact with grain
boundary

HE, B 25 22HUolE AAHAL HEEZ
9] Contact line®} Surface tension2 HAF 11

At

¥ 2 Total contact line and surface tension for

interruption of grain boundary migration

Total contact line Surface tension

e 21
y,,m(an—a]

ad

2d[€ cos&-&-%sﬁn 9+1]

3
r,,m(zﬂ—a)

uebd A3 & 24 meEk 39 20 ®EdE
HNEE23 AAHPAY interactiono] W3F+ Zener
drag force® 7+ F o9, 1 A4 428
Zt.

«ﬁd}’u[g cosﬁ+—izsin 6’+1]{cos€+sin6) N

Vi
ddy sin] 2o
7"5“{2 J 3)

olw, Maximum drag forcet ©=n/4Y ul o]
o, 12 e 77 4dyet2y2dy ot}

3.2 Calculation of maximum Zener drag
pressure
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Ns=(Number of particle per unit volume)X(h) (4)
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Fig. 3 TEM micrograph of TiN
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Fig. 4 Isothermal austenite grain growth with
increase in holding time at each temperature

18

o -
e -
7
6
=

4}
3
24
1
E-a W
"

-] T v
A saa 1208 1588 2eoe
TEMPERATURE _CELSIUS

NP(FCC_R142)

Fig. 5 Calculation of TiN volume fraction with
increasing temperature using Thermo-calc
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Fig.9 Experimental ratio of limiting austenite
grain size to TiN particle size, as a function of
particle volume fraction
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