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Effect of TiN Size on Ferrite Nucleation on TiN in Low-C Steel
Yasushi Morikace, Kenji O, Fumimaru Kawapara and Keniti Amano

Synopsis :

The ferrite nucleation model based on a classical nucleation theory for a rectangular TiN was derived to clarify its

nucleation potency. The calculation revealed that a ferrite nucleates most easily on the facets of TiN rather than on
its edges, corners, and austenite grain boundary and also indicated that the minimum size of TiN exists being influenced

by the chemical driving force.

These theoretical findings were confirmed experimentally for the TiN precipitate in low

C-steel. The minimum size of TiN which has the potency of a ferrite nucleation was experimentally determined for

various chemical driving force conditions by measuring the maximum size distribution of TiN which existed in the not

transformed austenite at transformation temperature. These values showed a good agreement with the calculated ones.
Key words : inclusion ; phase transformation ; TiN ; intragranular ferrite ; ferrite nucleation ; low carbon steel.
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Fig. 1. Ferrite nucleation model on TiN plane.
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Fig. 2. Models of ferrite nucleation on a rectangular
TiN and austenite grain boundary.
(a) on facet, (b) on edge, {c) at corner, (d)
wrapping type, (e) at grain boundary

Table 1. Calculated 4Gy+V and interfacial energy change for various intragranular ferrite nucleation sites and

austenite grain boundary .

Type AG, -V
a) on facet 4 g3 Uzcos 9)""(2“-‘05 6) -AGy
L Rsin8
b) on edge { %‘ﬂ' I‘3 ‘Z’J’ s.m (- R2 - x2 + Rcos @ )de}AGV
- ~Rsin6
Rsin@
c) at corner { % mrd - f‘J_Rcose(.JRZ - x2 + Rcos @ )2dx}AGV
d) wrapping precipitates % m- 348Gy - —;‘ I3 "Ing ‘AGy
¢) at austenite grain boundary %n-,}AGV
Type o
2. . U—cos 8)-(2+cos 6)
,,?,.‘,_ 47 ré Gy yn B
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© g~y L2 82 {1 - 126 - sin20)}]
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¢ Rsin6
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C) 3 l‘2 . GG.‘Y*
r > Nuclear radius , ry,. . Inclusion radius , x : displacement on the interface between ferrite and TiN
R=rsin® , Oy~ 04, =Oqy cos 6, *assumed that Cay= %y
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Fig. 3. Energy variation with ferrite radius for
various nucleation site models on rectangu-
lar TiN precipitates . (4Gy = —50%10°]/m?)
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Table 2. Chemical compositions of steels (mass%).

Steel C_Si _Mn S Al Ti N A (K

A 0.08 0.22 1.49 0.0013 0.002 0.05 0.023 963
B 0.16 0.20 1.40 0.0013 0.002 0.05 0.020 931

* austenite / ferrite transformation temps.
for continuous cooling at 1K/s.
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Fig. 4. Heat treatments for observing ferrite nu-
cleation from TiN.
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Fig. 5. Distribution of TiN particles in, (a) steel A,
. and, (b) steel B; both steels were furnace-
cooled after keeping at 1623K for 36ks.
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electron micrographs of, (b) thin film, and,
(¢) and (d) extraction replica, for ferrite
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Fig. 7. Microstructures isothermally transformed
by the conditions : (a) Aa (4G, =—65X10¢]/
m?®), (b) Ab(4Gy=—37%10%]/m?), (c) Ba(d
Gy=—61X10%]/m?).
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Fig. 8. Maximum size distribution of TiN precipi-
tates which existed in not transformed aus-
tenite in isothermal transformation for the
conditions: (a) Aa (4Gy=—65X10%]/m?),
(b) Ab (AGy=—37X%10%]/m?), (c) Ba(dGy =
—61X10%]/m?).
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