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Grain Growth in Dual-Phase Steel

Takemori 'TAKAYAMA, Myeong Yong WEY, Taiji Ni1sHIZAWA

Synopsis:

The grain growth characteristics of dual-phase steels have been investigated using 394S5i-0.394,Cr-
0.02~0.139%C steels which are composed of a- and y-phases at 900~1 300°C.

The grain growth in single-phase region procceds

by grain boundary migration, and the relation

between mean radius 7 and annealing time ¢ is described as follows,

(F)2— (F) 2=yt -oveerrrrerian.n.

................................... (1)

In the case of dual-phase steels, the grain growth is in need of diffusion of alloying elements, because

the chemical composition of a- and 7 -phases differs each other.

The grains of the minor phase grow

slowly in a mode of Ostwald ripening, while the grain boundaries in the major phase migrate under a
restriction of pinning by the minor phase grains. It follows as a consequence that the grains of both

the phasss grow slowly, cbeying the following equations,

(;)3_ (;o)a=k3.t

(7)e—~ (Fo)t=lyet ooeeneriiiinann.

e (2
e (3)

In the a-rich dunl-phass steels, the growih rate is controlled by volume-diffusion in the a-phase,

and the growth law is expressed by eq. (2).

In the y-rich dual-phase steels, however, boundary-diffu-

sion is predominant than volume-diffusion in the 7-phase, and the growth law is expressed by eq. (3).
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Table 1. Chemical composition and 7-phase
content of specimens.

Chemical composition(wt3) Volume fraction of

Specimen P Si Cr y-phase at 1100°C
D1 0.028 3.01 0.31 0.1
D2 0.039 3.11 0.29 0.2
D3 0.051 3.05 0.29 0.3
D4 0.082 3.03 0.31 0.45
D5 0.102 3.05 0.33 0.55
D6 0.118 3.02 0.33 0.65
D7 0.126 3.03 0.24 0.7
Al 0.541 1.01 027 1.0
F1 0.002 2.9¢4 0.28 0.0
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. Microstructure of steels containing various ratios of y-phase, annealed at 1 100°C for 30 h.
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Fig. 2. Grain growth in single- and dual-phase
steels at 1100°C.

Table 2. Partition of Si and Cr between @~ and
7-phases in dual-phase steel (D5), annealed at
1 100°C.
Partition
Annealing Si(wto%) Cr(wt%) coefficient
time (h)
« 7 a Kgia/t KgealT
1 3.09 2.70 0.32 0.35 1.15 0.91
3 3.10 2.71 0.32 0.3¢ 1.15 0.94
10 3.11 2,72 0.31 0.36 1.15 0.86
30 3.10 2.70 0.33 0.34 1.15 0.97
100 3.14 2.76 0.31 0.35 1.14 0.89

3.3 a, y FWiE~AD Si, Cr OHFE

1100°C i L7 24888 (D5) o a, ¥ @M o
Si & Cr BEIL Table 2 =R L7~ X 51, 1 hEFo
BT EA LB LI LRI D LR, 2D
Zliz, | homE T TR EEAREEE L &%
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Fig. 3. Grain growth in dual-phase steels at 1 100°C.
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Fig. 4. Grain size of a- and y-phases in dual-
phase steels annealed at 1100°C for 30 h.
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Table 3. Rate constant for grain growth in pure
iron at 1 100°C, estimated by eq. (2).
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Table 4. Rate constants for grain growth in dual-
phase steel at 1 100°C, estimated by eq.(4), provid-
ed that each phase grows in the mode of Ostwald
ripening controlled by volume diffusion of Si in the
" matrix phase,
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Fig. 8. Rate constants for grain growth of a- and
7 -phases in dual-phase steels at 1 100°C. The values
for k%, k} and k¢ are translated into those for the
cube law.

Table 5. Rate constant for grain growth of a-
phase locating at grain corner of y-phase at 1 100
°C.

g=6x10-7 J/mm? 7
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