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Influence of Continuous Casting Process on Carbon
Segregation in Steel Billets with Different Carbon Contents

Ren Hongwa, Lou Xiangjie, He Bingiang, Zhao Jun, Zhou Zhisuo
(Chengdu Metallurgical Experimental Factory Co., Ltd., Chengdu 611330, China)

Abstract: Carbon macrosegregation in continuous casting strands originates from the uneven distribution of carbon between
the solid and liquid phases during solidification. The initially solidified solid phase (dendrites) has a lower carbon content,
causing excess carbon to enrich the liquid phase at the solid-liquid interface front and form localized high-carbon zones.
This defect persists throughout the entire process from hot rolling to product service, severely deteriorating material process-
ability, inducing banded structures and heat treatment defects, and significantly reducing the mechanical properties and
service life of the final product. This study systematically investigates the carbon macrosegregation behavior of low-carbon
alloy steels (20CrMo, 3130), medium-carbon alloy steels (4142, 45), and high-carbon alloy steel (GCr15) under differ-
ent continuous casting process parameters (superheat, casting speed, mold electromagnetic stirring (M-EMS). The re-
search defines optimized process windows for typical steel grades: for low-carbon steel 20CrMo, a superheat of 20 ‘C—
25 °C, casting speed <I.60 m/min, and M-EMS current of 195A—-205 A are recommended; for medium-carbon steel
4142SR, a superheat of 20 ‘C—28 ‘C, casting speed of 1. 58m/min—1. 62 m/min, and M-EMS current of 200A—-208 A are
recommended ; for high-carbon steel GCr15, a superheat of 18 ‘C—25 “C, casting speed <1. 16 m/min, and M-EMS current
of 195A-202 A are recommended. The main results are as follows: 1) Effect of carbon content: As the carbon content of
the steel grade increases, the proportion of negative segregation from the strand center to the 1/2 radius region decreases
from 45% to 28%, and the inner arc/outer arc negative segregation ratio decreases from 1.5 to 1.24. 2) Effect of super-
heat: With constant casting speed and electromagnetic stirring intensity, the tundish superheat within the range of 20 ‘C—
30 °C yields the optimal (lowest) carbon segregation index. 3) Effect of electromagnetic stirring: Within a specific mag-
netic field intensity range, enhancing M-EMS effectively reduces the fluctuation range of the carbon segregation index. 4)
Effect of casting speed: Increasing the casting speed leads to a significant rise in the carbon segregation index of the
strand. This study quantitatively reveals the influence of key continuous casting parameters on carbon macrosegregation in
alloy steels with different carbon contents. It provides a direct basis for effectively controlling carbon macrosegregation in
industrial production by optimizing parameters such as superheat, electromagnetic stirring intensity, and casting speed,
with particular emphasis on the need for targeted process optimization based on the steel grade’s carbon content.
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Fig. 1 Sampling position indication for continuous casting bil-

lets
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Fig . 2 Measured Carbon Content at Different Positions of the
First Strand Continuous Casting Billet of 20CrMo
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Table 1 Test Data of 20CrMo and 3130 steel Carbon Con-

tent %
SRl ik szﬂg'i V?I?K{f &H}L{Rﬁ%k 9§ iJL{(Ei%
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Fig . 3 Measured Carbon Content at Different Positions of the
First Strand Continuous Casting Billet of 45
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Table 2 Statistics of Negative Segregation Zones in Low Carbon Steel
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Table 3 Test Data of 4142SR and 45 steel Carbon Con-
tent %
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Fig . 4 Measured Carbon Content at Different Positions of the
First Strand Continuous Casting Billet of GCr15
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Table 4 Statistical table of negative segregation distribution zones in medium—carbon steel
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Table 5 Test Data of GCr15 High Carbon Steel Carbon
Content %
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Table 6 Statistical Table of Negative Segregation Distribu-

tion Areas of GCr15 High Carbon Steel
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Table 7 Data Table of Superheat of Molten Steel and Carbon Segregation Index

S /°C 1 291 39 4 59 S {E
18 0.992 0.995 0.998 0.988 0.994 0.993
23 1.002 1.010 1.006 1 1 1.004
28 1.008 1.015 1.012 1.006 1.009 1.010
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Table 8 QT20CrMo Electromagnetic Stirring and Carbon Segregation Data Sheet

IRV Hh B/ °C Fri/(m-min™) L /A P B 22

27 23 1.61 194 0.031

1 23 1.61 196 0.029

43 23 1.61 201 0.047

37 23 1.61 202 0.027

5 it 23 1.61 204 0.019
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Table 9 4142SR Electromagnetic Stirring and Segregation Index Data Sheet

IR TH#E/C FLH/(m+min™) LR /A BT A% 22
29 18 1.61 198 0.049
490 18 1.61 201 0.043
3% 18 1.61 202 0.048
I 18 1.61 202 0.042
59 18 1.61 205 0.038
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Table 10 Data Table of Casting Speed and Carbon Segre-
gation Index Range

L/ (m-min™") P b 22
1.13 0.092
1.16 0.117
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