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Mathematical Model for Microstructural Changes and Mechanical Properties
in Microalloyed Steels in Continuous Casting-Direct Rolling Process

Yoshiyuki SAITO, Shoji MIYAGAWA, Ken-ichiro SUZUKI,
Shuzo UEDA and Chiaki SHIGA

Synopsis :

A microstructural control model for conventional reheating and rolling process has been applied to com-
puter simulation of microstructural changes in direct rolling process. Results are summarized as follows :

(1) Effects of secondary cooling conditions in continuous casting on carbonitride precipitation behaviours
predicted by the model are in good agreement with those observed by hot ductility simulation tests.

(2) It is known that effect of charging temperature on kinetics of phase transformation and grain growth
and low temperature toughness is distinctive : The computer simulation results show that low temperature
toughness of steel plate deteriorates if hot charging temperature is higher than Ary. This result is consis-
tent with that of laboratory rolling experiment.

(3) The mathematical models for carbonitride precipitation, phase transformation and grain growth for the
conventional process can be applicable to microstructural control in continuous casting-direct rolling
process.

Key words : computer simulation ; continuous casting ; direct rolling ; phase transformation ; precipitation ;
recrystallization ; grain growth ; low temperature toughness.
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Fig. 3. Flow chart for computer simulation of 7— @ transformation kinetics.
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Table 1.

tion.

Parameters used for computer simula-

Table 3. Manufacturing condition utilized for
computer simulation.

Diffusion coefficient (em?/s) : D=530 exp — 2344 500/ RT)
Matrix/precipitates interfacial eglergy mJ/ m
Number of nucleation site (1/cm®) : 1X10

Table 2. Chemical composition of steel (wt% ).

C Si Mn P S Al Cu Ni Nb

0.10 0.39 1.5 0.010 0.002 0.030 0.14 0.15 0.029

(Cstart )
Chemical composition
Thermomechanical histor:

ﬁ'emperature colculqm

[ﬁgree of supersaturution|

Nucleation rate
Number of nucleation

[Radius of critical nucleus]

RBrowth of precipitates]

[ Concentration of precipitates |

 Size & distribution of precipitates |

Precipitation No

completed ?

Fig. 4. Flow chart for predicting carbonitride
precipitation kinetics.
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Fig. 5. Thermal cycle patterns for simulation of
carbonitride precipitation kinetics.
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Fig. 6. Effect of thermal cycle pattern on Nb(C,
N) precipitation kinetics (computer simulation).
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Table 4. Computer simulation of recrystallization and austenite grain growth in continuous casting and direct
rolling process.

Rolli diti CC-HDR process Conventional process
oliing condition (Charging temp. : 1 000°C) (Charging temp. : RT)
Thick. € Temp. Interpass time | Frac. of recryst. Y grain size Frac. of recryst. 7 grain size
PassNo.  (mmy  (1/s)  (°C) ®) (%) ) 4 (%) um Ac
1 204 3 1100 0 2000 0.12 62 131 0.10
2 173.5 3 1092 15 3 1940 0.21 100 67 0
3 147 .4 3 1081 15 37 1200 0.15 100 63 0
4 125.3 3 1069 15 12 1170 0.20 100 61 o .
5 90.5 3 1057 15 44 1110 0.13 100 57 0
6 76.9 3 1030 15 34 1080 0.19 100 53 0
Holding } 300 68 530 0.11 100 51 0
900
0.10C - 1.66Mn - 0.028Nb steel : . r . ; : 10 _
199 R ® A 0.029Nb - 0.04Ti steel 1 E
2 002F O Ao0.02aNb steel = 18 e
¥ oo} - c b ‘B
o 2 - 18 &
2 2 — | £
feol ! : 1.3
'oa-, ‘q-) 0.01 ‘Q_)
c g | 5
[
s 40 1 £ | 12 g
c 2 ©
L z i 5
o >
g B 0.00 0 <
Eer 700 800 200 1000

1 1 1 1 L L 1
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700
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Finish temperature of secondary cooling (°C)

Hot charging temperature (°C)

Fig. 7. Effect of hot charging temperature on fer-
rite transformation (computer simulation).

12 T H— T T T r T -40
a grain size after rolling

~ 0 8
o
2 .
s 8 F 4 -80
- Y grain size
92 & rafter recrystallization region 7
‘: —~
8 4 F Y grain size 1-80 &
= after heating ~
S 2 |} P
c =
) >
N oo | q -100
]
£
@ 2T T
S
0]

4 L 4 -120

_6 1 ” 1 1 1 1 1 1

RT 500 700 800

Charging temperature (°C)

Fig. 8. Effect of charging temperature on 7 and «
grain size and Charpy transition temperature of
steel plate produced by continuous casting-direct
rolling process (computer simulation).
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Fig. 9. Effect of secondary cooling condition on
precipitation kinetics in Nb-Ti steel and Nb steel.
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Fig. 10. Effect of thermal cycle pattern (Fig. 5)
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