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Analysis on Corner Cracks of Angle Steel Q420C Rolled from
180 mm x 180 mm Cast Billet and Process Improvement

Zhao Bin', Cui Huaizhou', Wang Chengyi', Wu Wei' and Wang Xin®
(I Institute for Metallurgical Process, Central iron and Steel Research Institute, Beijing 100081 ;
2 Tangshan Iron and Steel Co Ltd, Hebei Iron and Steel Group, Tangshan 063000)

Abstract The metallurgical flowsheet of 160 angle steel Q420C with 18 mm thickness for power tower (/% ; <
0.20C, 1.00 ~ 1. 70Mn, <0.55Si, <0.035S, <0.035P, 0.02 ~0.20V, =0.015Als) is 80 t BOF-LF-CC-rolling
process. The analysis on corner cracks of hot-rolled angle steel is carried out by optical microscope, scanning electron mi-
croscope and energy dispersive spectroscopy. The results show that there are decarburized layer and ferrite film around
cracks, the S enrichment near cracks and the AIN precipitates at grain boundary are found that break the continuity of steel
matrix. It is obtained that the slag inclusions at oscillation mark bottom, segregation, thermal stress and bending straighte-
ning stress lead to angle steel crack along grain boundary. With process measures including decreasing [ N] to 0. 008 0% ,
controlling Als 0.017% ~0.022% , [ Mn]/[S] =80, liquid over heating extent <25 C, viscosity of mold powder 0. 73
Pa - s, and straightening temperature 2950 C, the quality cast billet increases to 85% from original 25. 78% , it is avail-
able to decrease the occurrence of corner cracks of angle steel.

Material Index Steel Q420C, 180 mm x 180 mm Cast Billet, Angle Steel, Segregation, AIN, Corner Cracks
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Table 1 Examination results of cast billet quality of 160
angle steel produced in February 2016
i ER/ EamEst i %
Q420C 522,784 387.996 74.22
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Fig. 1 Morphology of cracks at cross section of angle steel Q420C
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Fig.2 Morphology of surface cracks of angle steel Q420C
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Table 2 Chemical composition of steel Q420C before and after optimization of process /%

Big C Mn S P Si \% N Als
GB/T1591-94 <0.20 1.00~1.70  <0.035 =<0.035 <0.55 0.02 ~0.20 - =0.015
I RIAN] 0.15~0.20 1.20~1.50 =<0.035  <0.035 0.20~0.50 0.06 ~0.09 <0.012 =0.015
hikia 0.18 1.43 <0.030 =<0.025 0.30 0.07 0.008 0.017 ~0.022

#:CEV=C+Mn/6+(Cr+V+Mo)/5+(Cu+Ni)/15
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Fig.3 Micro-morphology of corner cracks of angle steel Q420C (a) (b) and chemical composition of inclusion near crack (c)
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Table 3 Temperature of liquid in tundish before and after
optimization of process

e A PRt
BE/T L
WA/ A% BRA/A BRR%
<1535 24 14,46 20 10
1535 ~1560 125 75.30 171 85.5
>1 560 17 10.24 9 4.5
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Table 4 Solubility product data of carbide and nitride

THEERAK  [AJIN] [VI[N] [viic]
A 1.03 3.46 6.72
B 6 770 8 330 9 500
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Table 5 Calculating value of liquidus, solid phase curve
temperature and equilibrium solute distributing factors of
precipitated nitride and carbide during solidification process
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Fig.4 Relation between nitrogen content in steel and cracking
amount of rolled products
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Table 6 Parameters of mold powder before and after optimization of process

BRI E "

B/ % B m/ HiE/

23 BPBMEERSY o S0 GO

MgO Fe,0; ALO; NaO F C C

(Pa-s)

RACET 27 £2 292 <4.0 <3.0 8x2.0 7.5+2.0 31 10.5+2 118030 0.45x0.1

=
A | AL 33.17 313 3.21

1.27  4.22 6.32 4.85 8.85 1161 0.73
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Fig.5 Curve of ductility of steel Q420C al high temperature

(4B TET S 4 R Y 46 %, B3R B AR/ IMIL 5%

SR v B A TR B T R B R A T R R 1 2 S
PR, R P55 Y8, {3 5 U1 28 181 B £ & R o
950 ~ 1000 °C, AL AT )G AR W4 7. SCBRigf
HIIE A, A ¥ L 7K i L S0 A A B i, FR A e 1Y
PR AR ¥, A B T e o e ) 5L R
8L BHRBBKET ~8 vh, —BiKit 5.5 ~
6.5 v/h, "Bk &M, FERE EHKE 13 ~ 15 vh, £
U EIRE =950 €. LfiBmiM L ET I
4 A, AR mTE 2 CH

WA A B ABG N, {5 % R 5 =L

®7 MRUAHIE QA20C MGHEFEIRE/C
Table 7 Straightening temperature of cast billet of steel
Q420C before and after optimization /°C
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N1 900 950 910 960
N2 930 970 940 960
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