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Cause Analysis and Process Improvement of End face Cracks
in Extra—Large Continuous Casting Round Billets with a
diameter of 1 200 mm

Dong Shipeng', Zhou Shenggang'?, Li Wenbo', Zhang Guodong', Yi Zhigiang', Li Yuhang'
(1 Chengde Jianlong Special Steel Co., Ltd., Chengde 067200, China;2 School of Metallurgical and Ecological
Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The problem of end face cracks in high-quality carbon steel continuous casting round billets with a diameter of
1 200 mm was investigated, with a production process. of 80 t BOF-LF-VD - ultra large size continuous casting machine -
slow cooling of castings Measures such as multi-stage electromagnetic stirring, online insulation of castings, and slow cool-
ing process were adopted. The continuous casting process parameters are as follows: casting speed of 0. 06-0. 11 m/min,
tundish superheat of 15-35 ‘C, continuous casting round billet charging temperature > 500 °C, and discharging tempera-
ture < 350 ‘C. Perform multidimensional correlation analysis using methods such as low magnification testing, scanning
electron microscopy, and in situ analysis. Using TWS software and liquid core control model, the pulling speed parameters
were optimized from 0. 10 m/min to 0. 07 m/min while keeping the electromagnetic stirring and superheat parameters un-
changed. thereby improving the core quality of the casting billet and reducing low-magnification inspection center cracks
from 1. 0-2. 0 levels to 0-0. 5 levels. By using an online insulation cover, the end temperature of the continuous casting
round billet increased by 102. 4 °C, and the slow-cooling pit capacity rose from 50% to over 80%. The cooling rate in the
first two days decreased by more than 1 ‘C/h. Inspection results showed that the crack length on the end face of the continu-
ous casting round billet was reduced from 60—200 mm to 0—10 mm. Customers reported satisfactory results, and the im-
provements were effectively verified by the market, providing valuable reference for the industry.
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Fig. 1  Crack location and macroscopic morphology
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Table 1 Main chemical component of experimental steel
%

C Si Mn P S Cr Al
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Table 3 Macroscopic examination inspection details of 45
Steel ¢1 200 mm Round Billet

LIS TR REU
32B07566 1.0
32B07604 1.0
31B07782 L5
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31B07796 1.0
32B07893 L5
31B07821 1.0
31B07827 L5
31B09575 2.0
31B09581 1.5

1. 1.2 R ELm)Z 58T

AR Dy vk 3 T 3% 95 B 2 s I 4 U0, 75 9 )
T ] S 5 ) SO A S i, 2800 S SO [n] P A
£ 20 mm, WK 3R,

XoF S 504 SR FH A H H R HE AT 40 BT L AR R GBY
T224—2019 brifE , 54 (8 JBd it J22 8% B2 I o 12, 24400
W FEAR T T i B 2 , G0 1] 4 I 7, MR 38809 il B otk J 2 9
BURE s AT AT HE W R SR AR AR IR T 750 °C
g5 A TR0 B i A [R] B 3 TH - 240 3R 38 0 A1 17 O DL
4, HEOY TRV E R SR it
1. 1.3 #5%FE w25t

TR I A%« A B B it 14 DR B A 20 mm

FROARE S, T Bl 2R AU Rl 4 B, 75 Hod 1 Besis 1 A9 A
) {52 2 LS BT (1 ~5*FE [RIBE 10 mm , 6°~8*FE 1] f
15 mm, 9*~11"F£ 53 51| B 7K F- £ 100,200,300 mm) ,
HIEL 114 20 mmx20 mm B/ VEESR

3 4 A A SR B0 45 S T LA Y A — i TS
()47 B R AL 20 B W 25 S o 0 R i 1 5 1Y)
7B R BRI+ R 2 AR JE S 5 A i O R FE R
{7 B IR B A2

K 4 M BB UE AT A 405 B, R s
GB/T13299 — 2022 HLERE /s R W 5.

Sk 53 0 2 5 I8 o i 1A 5 PGB LG 2 2100 7= A 1Y
BRI 2R FHI 45 FOTRIC #AASAL o X JHa D11 5 Y
Y A ity T YAk B R AT I o, W7 DA B L b1 200 mm
R RS T 55 0 AE D) ) i S 18T F O ) 34 2%
Uk B2 B R, HL R IR BE 222100 °C, [ B H1 81 S
it 1AL ¢ 1 Tl E 1T 35 %) 950 “CLL b iRl 6 s .

3 3 X ] — ity v 2 R TR ) A AR L L
MrAs i, [A]— s AN (6] 47 B 1 A3 25 S B 8, A7
PR B T A 8 2, > v v ik DX 37 B FC A Ak
BRI AR XA, SRR, s 28 H e e i L I
HA,

114 JEAE5HT

hy F W 2R 0 7 A R A AR S5 B e AT A

K, SR FH it 18T B 434 AT 08 1 32k R 30 A 18 53 ) D A

(Di‘ﬁﬁﬂiﬂhiﬁitﬁ%ﬂl

K3 454 ¢ 1200 mm [ bR RS HER B
Fig.3 Schematic diagram of end crack sample preparation of 45 Steel ¢1 200 mm Round Billet
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Table 4 Average temperature distribution on the surface of cast billets at different positions C
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Fig. 4 Metallographic structure at cracks of 45 Steel ¢1 200 mm
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Fig. 5 Schematic diagram of the distribution of metallographic
structures at different locations of 45 Steel ¢1 200 mm Round
Billet
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Table 5 Metallographic structure analysis results at dif-
ferent locations of 45 Steel ¢1 200 mm Round Billet
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Fig. 6 Temperature distribution on the end face (a) and end face temperature measurement (b) of 45 Steel ¢1 200 mm Round Billet
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Table 6 Statistical table of component segregation of 45 Steel ¢1 200 mm Round Billet
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C 0.460 0.4237 0.509 6 -0.079 0.108 0.0219
Mn 0.660 0.6189 0.7452 -0.062 0.129 0.0311
P 0.016 0.0119 0.0250 -0.259 0.564 0.003 2
S 0.002 0.001 0 0.004 6 -0.503 1.298 0.000 9
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Table 7 Comparison of temperature measurement data
with and without insulation covers of 45 Steel ¢1 200 mm

Round Billet C
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Fig. 9 Comparison of temperature drop rates of different slow

cooling methods
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Table 8 Billet shell thickness corresponding to different drawing speeds of 45 Steel 1 200 mm Round Billet
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3 0.08 60 92 163 214 362 409 17 221
4 0.09 55 85 150 197 330 370 19 384
5 0.10 52 79 140 182 304 340 21 546
20 ¢ ° ek, A ] R 1) 322 45 (58] o T L 32 442 55 102.4 °C
1.5 A4 " " o ¢ 0o 2) il o $E S YU By ik BRI R 2R Ve i R
§ Vo A AR R I 0 A 1 50% 2 15 5 80% , YL I
1.0 A 4 e & e®# 0 oo . N o .
L T RUIRREE, IR AT PR 51 R
F05[ cee s w s w“ . HFRES 1.9 C/h, 5 2 KRR TRIEH RIS 1.14 C/h,
o eee. meme 5 B FAREN 51 2120 D AL B S P
0.06 N 0.10 3) FE HLBE B FE RIS E R B S BRI BT
Dy . . % » / i\‘ \\
110 AR O AE S 1 HLAE T 0.10 m/min 52 0.07 m/min, S5 1 AP

Fig. 10  Distribution of low—magnification central crack levels

at different drawing speeds
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