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Prediction of As-cast Austenite Grain Size for Near-net-shape CC

Naotsugu YOSHIDA, Yoshinao KoBAYASHI and Kotobu NAGAI

Synopsis : As-cast austenite grain size (d,) in low carbon steels has been studied at a cooling rate from 0.1 to 40 K/s. An analytical model has been pro-
posed to predict d,.. The model is based on the classical grain growth theory of Burke-Turnbull, by assuming a normal grain growth with a
parabolic law in the temperature range of a ¥ single phase. The proposed equation is expressed as follows:

d;—di=KJo(T,) = 9(TYVT,

where K is a material constant; 7,, and 7} are starting and finishing temperatures of the rapid growth, and g(T') is the dimensionless number
indicating the square growth amount below 7. The square growth amount of the as-cast y grain is proportional to the inverse of the cooling
rate, 7!, The square growth amount decreases to 20% by phosphorus addition, which decreases K, and T,,. The prediction agrees well with
the experimental data of the continuously cast 100 mm-thick slab and the 2 mm-thick strip.

Key words : carbon steel; near net shape casting; continuous casting; thin slab casting; strip casting; as-cast austenite; grain size.
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Fig. 2. Schematic representation of the y grain growth in
the CGM.
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Fig. 3. Comparison between the grain growth predicted by
the CGM and the experimentally-measured" grain
size.

Table 1. Experimental casting conditions and the composi-
tions (in mass%) of the as-cast sample.

Method Sample C Si Mn P S Ref.
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(100 mmy) 0.2P 0104 0.169 0.592 0.197 0.003

- OP 011 017 062 0014 0014
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(2 mm) 02P 011 0.6 067 0.197 0014
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Fig. 4. The starting temperature of the rapid growth,
T, and the completion temperature of transfor-
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mation into a y single phase, 7,™ in the Fe-C bi-
nary phase diagram.
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Table 2. Austenite grain size as a function of the cooling
rate in the high temperature range: grain size d, in
mm; cooling rate 7in K/s.
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Fig. 7. Comparison of the calculated d, in the high tem-
perature range by different expressions listed in
Table 2 and the measured"*'*'? as-cast d,.
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Fig. 8. Estimation of the change in the cooling rate for the
near-net-shape CC process and the comparison of
the predictive d, for strip CC with different sec-
ondary cooling methods.
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Fig. 9. Effect of phosphorus addition on the micro-struc-
tural evolution as a function of distance from sur-
face x. (a) dy ; (b) S}; (c) S,. Expressions for S, S,
are listed in Table 3.

Table 3. Dendrite arm spacing as a function of distance
from surface: S;, S, in pm; x in mm.

Method*| Reference and

Equation ;
a n experimental range

- _ 0.64 36); x= 1.5~40mm,
S1-a| S1=36x A AT 018%C-1.4%Mn
Si-b[ $1=69.94x"%° A A | 37): x= 5~70mm,
Sic|$1=77.12% F F 0.15~0.32%C-0.6~1.4%Mn
_ 3/4 31); x= 3~60mm,
Sid| $1=38.92x A A | G 18%C-1.05%Mn
Sre|S$2=22.38x"® F A |38); x=0.1~100mm, low C
~ _ 0.64 36); x= 1.5~40mm,
Sof | So=18x A A0 18%C-1.4%Mn
_ _ 0.533 39); x= 0.2~60mm,
59| 82=23.6x"" F F | "R 072%C-0.62~0.69%Mn
X _ 0.65 40); x= 10~100mm,
Serh| Sp=12x F P 7 0.14~0.20%C-1.4~1 7%Mn
; _ 0.76 31); x= 3~60mm,
Sl | S2=1414" A A 1776 18%C1.05%Mn

* Method of deriving the values in equation, S;=a-x";
A: analytical; F:experimental fitting.

21

203 I



. 204

$% 48 Tetsu-to-Hagané Vol. 90 (2004) No. 4

e
£
AN
NO
©
|
N
©
Sl o 1 L
107 =001 01 1
T ks

Fig. 10. Effect of phosphorus addition on the square
growth amount d;) —dj;.
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Fig. 11. Index of grain refinement by increasing the cool-
ing rate and by adding phosphorus.
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