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Precipitation of Fine Carbonitride and High Temperature Embrittlement
of Low Carbon Steel during Cooling in Secondary Cooling Zone of Continuous Caster
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1. #&

: In order to reduce frequency of surface cracks in continuously cast low carbon steel slabs containing niobium, relation

between morphology of carbonitride precipitates and high temperature ductility has been examined under the condition
simulating thermal cycle of steel slabs passing through secondary cooling and bending zones of a vertical bending type
continuous caster. Through experiments, it is found that precipitation of niobium carbonitrides is mainly affected by
thermal cycle in the temperature range from 973 to 1073K, and fine precipitates at ¥ grain boundary make high
temperature ductility worse. Number of fine precipitates containing niobium increases when a specimen stays in the
temperature range longer. It is found that grain boundary embrittlement is becoming dominant in case when ductility
becomes less, which means deformation takes place mainly at v grain boundary because grain itself is strengthened by
fine precipitates.

For improvement of high temperature ductility, it is recommended to modify fine niobium carbonitrides to coarser
ones containing titanium and niobium by microalloying of titanium.
continuous casting ; steel slab ;
microalloying by titanium.

secondary spray cooling ; high temperature ductility ; carbonitride precipitation ;
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Fig. 1. Thermal cycle patterns of specimen before
tension test, simulating thermal cycle of slab
surface in secondary cooling zone of a con-
tinuous caster.

Table 1. Chemical composition(mass%).

C Si | Mn P S Al | Cu . Ni | Nb
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Fig. 2. Influence of thermal cycle pattern before
tension tests on hot ductility of Nb bearing
low carbon steel.
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Fig. 3. Relation between reduction in area and dura-
tion of a specimen in the brittle temperature
range before tension test.
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Fig. 4. Influence of thermal cycle pattern and defor-
mation temperature on fracture of Nb bear-
ing low carbon steel.
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Fig. 5. Influence of thermal cycle pattern and defor-
mation temperature on fracture of Nb bear-
ing low carbon steel (higher magnification).
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Fig. 6. Influence of thermal cycle patterns on mor-
phology of precipitates in Nb bearing low
carbon steel slab deformed at 1023K.

legs 14888 448 (NI
£ RGOIBKEY 1

Pattern 2 (aT=0 K )

Pattern 7 (sT=250K )

Fig. 7. Influence of thermal cycle patterns on mor-
phology of precipitates in Nb bearing low
carbon steel slab deformed at 1123K.



100 T T T T
(mass % Ti)
3 90} e 0.001 1
~ v 0.010
o 80 o 0027 .
& 70} e
£
c 60| B
°
S 50} ~
®
xc 40 1
30k 1

[l 1 1 Il
900 950 1000 1050

Temperature , K

Fig. 8. Influence of microalloyed titanium on hot
ductility of Nb bearing low carbon steel
tested after the thermal cycle pattern @.
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Fig. 10. Effect of microalloyed titanium on fracture
of Nb bearing low carbon steel observed in
longitudinal cross section of specimen
(fractured at 1023K after thermal cycle
pattern D).
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Fig. 11. Effect of microalloyed titanium on fracture
of Nb bearing low carbon steel observed in
longitudinal cross section of specimen

(fractured at 1023K after thermal cycle
pattern D).
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Fig. 12. Effect of microalloyed titanium on fracture
of Nb bearing low carbon steel (fractured
at 1023K after thermal cycle pattern D).
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Table 2. Number and size of carbonitride precipi-
tates in specimen deformed at 1023 K
after thermal cycle pattern @.

No. | Chemistry(mass.%) Precipitates | Number in | Diameter
C Nb Ti IOOme (/.(m)

1 0.10 |0.030 0 Nb (C,N) 800 0.045

2 0.11 {0.031]0.018| (Nb,Ti) (C,N) 40 0.15
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