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Prediction of Volume Fraction and Grain Size of Ferrite under Intercritical Rolling of Low Carbon Steels

Jun-ichi Waxita, Junji Haz, Osamu Kawano, Manabu Taxkanasur and Kazuaki Esaka

Synopsis :

Static recovery and recrystallization behavior of @ grains of low carbon steels have been studied by means of hot

working simulator. Static recovery rate increases as carbon content increases up to 0.02mass% and is nearly constant
above 0.02mass?%. The critical strain for recrystallization, &y, decreases with decreasing initial grain size and strain rate
and with increasing deformation temperature. Recrystallized grains are developed within an interval of 50 ms after
straining over en. Recrystallized @ grain sizes decrease with decreasing initial grain size and deformation temperature,
and with increasing strain. Recrystallized fraction increases with decreasing initial grain size and with increasing strain
and deformation temperature. 2-step hot working tests at various temperatures above and below Ae; have been carried
out to examine the strain induced transformation from hot worked austenite to ferrite.

On the basis of these results, a prediction model of & volume fraction and grain size is developed and its availability

in the case of intercritical rolling was certified.
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Table 1. Chemical compositions of steels tested for
recovery and recrystallization in ferrite.

(mass?%)

steel C Mn Si P S T.Al T.N
A 0.004 0.11 0.018 0.002 0.004 0.068 0.0022
B 0.016 0.16 0.008 0.007 0.005 0.041 0.0024
C 0.047 0.27 0.013 0.016 0.015 0.047 0.0063
D 0.054 0.31 0.004 0.014 0.010 0.011 0.0025
E 0.096 0.55 0.015 0.013 0.015 0.011 0.0025
F 0.142 0.54 0.006 0.020 0.012 0.018 0.0027
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Fig. 1. Change of N(t) in eq. (3) after deformation.
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Fig. 3. Effect of strain on recrystallized ferrite
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Fig. 4. Effect of strain on recrystallized ferrite frac-
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Fig. 5. Grain growth of recrystallized ferrite during
holding after hot deformation (steel D).
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Fig. 6. Recrystallization behavior of ferrite after
hot deformation (steel F).
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Table 2. Chemical compositions of steels tested for

strain induced transformation. (mass%;)
steel C Mn Si P S T.Al T.N
G 0.054 0.31 0.004 0.014 0.010 0.011 0.0025
H 0.096 0.55 0.015  0.013 0.015  0.011  0.0025
I 0.176 128 0.015 0.014 0.002 0.021 0.0021
a [+
900°C X 10ain 900 x 10@in 900°C x 10min

7

ry+a

Temperature

7 7
7+a \zw 7y +a sz

water quench

water quench water quench

Time

Fig. 7. Schematic illustration of experiments to
measure transformation behavior with and
without hot working.
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Fig. 8. Changes in ferrite fraction transformed from
annealed austenite with temperature.
cooling rate: 5°C/s
solid lines : calculated by eq. (16)
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Fig. 9. Strain induced transformation behavior for
steel H after 1-pass hot working above Ars.
lines : calculated by eq. (16)
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Table 3. Chemical compositions of steels tested for

intercritical hot rolling. (mass%)

steel C Mn Si P S T.Al T.N
J 0.162 1.22 0.228 0.016 0.005 0.016 0.0035
K 0.166 0.66 0.008 0.024 0.012 0.015 0.0028
L 0.075 0.40 0.132 0.012 0.009 0.006 0.0031
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Fig. 11. Calculation flow chart of « grain size.
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Fig. 12. Effect of rolling temperature of finish roll-
ing on microstructure of hot rolled steel
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b) calculated

Table 4. Comparison between observed and calcu-
lated grain size of ferrite.

steel No. STR | FTR CT | d-obs. |d-cal.?|d-cal.?
O (0 B (O | (um) { (um) | (um)
1 | 783 | 714 | <100 | def | der | 42
2 | 795 | 774 | <100 | 37 | 37 | 43
I 3 | 867 | 737 422 | 56 | 55 | 48
4 | 890 | 807 | <100| 62 | 59 | 50
5 | 929 | 825 521 65 | 61 | 61
6 | 957 | 850 554 67 | 68 | 68
7 | 848 | 770 | <100 | 41 | 39 | 54
K 8 | 870 | 790 4301 51 | 51 | .57
9 | 905 | 810 | <100| 56 | 61 | 60
10 | 922 | 80 | 43| 79 | 67 | 64
11| 830 | 780 | <100 | def® | def® | 7.9
12 | 840 | 790 500 | 58 | 54 | 85
L 13 | 885 | 810 570 | 65 | 68 | 92
14 | 930 | 830 490 | 85 | 74 | 100
15 | 970 | 860 | <100-| 112 | 11.8 | 10.8

1) with considering strain induced transformation and recrystall-

ization of ferrite.

2) without considering strain induced transformation and recrys-

tallization of ferrite.
3) deformed ferrite.
STR: Starting Temperature of Finish Rollmg
FTR : Finishing Temperature of Finish Rolling
CT : Coiling Temperatute
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