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Defects Analysis and Process Optimization of 150 mm x
150 mm Casting Billet of 60Si2Mn Spring Steel
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Abstract; Facing the quality problems of transverse surface crack at the corner of 150mm x 150mm continuous casting billet
of 605i2Mn spring steel (/% :0.56 ~0.64C,1.50 ~2.008i,0.70 ~1.00Mn, <0. 025P, <0.020S) , the transverse sur-
face crack defects at the corner of casting billet are analyzed by metallographic microscope and SEM and it is carrying out
test comparison. The result indicates that the defect is caused by the large drag force of the large taper of crystallizer copper
tube and the poor lubrication effect of shielding flux and the uneven secondary cooling. By reducing the mold steel tube ta-
per from 2.2 mm to 1.6 mm and the melting temperature of protective slag from 1 182 “C to 1 072 °C and its viscosity from
0.76 Pa - 5 10 0.52 Pa - s and the secondary specific water from 0.45 L/kg to 0. 32 L/kg, to reduce the drag of casting hil-
let in copper tube and improve the cooling heat transfer of the mold, the cooling effect of the secondary cooling section and
the cooling uniformity of casting billet, the defects of casting billet have been effective controlled, and the qualified pass
rate for casting billet surface defect detection increases from 35% to 92% .

Material Index; 60Si2Mn Spring Steel; 150 mm x 150 mm Casting Billet; Surface Crack; Crystallizer Copper Tube; Mold
Shielding Flux; Secondary Cooling
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F1 60S2Mn EHWHIEELFENS/ %
Table 1 Chemical compeosition of 60Si2Mn spring steel/ %

C Si Mn P S
0.56~0.64 1.50~2.00 0.70~1.00 <0.025 <=0.020

F2 60S2Mn EFHANEFTZSH
Table 2 Continuous casting process parameters of 60Si2Mn

spring steel
giml EERARKEY Wk hrds A
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320A/6.0Hz 150 0. 45 2.10 250A/7.0Hz

2051.96 pm
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Fig.1 Surface crack morphology of rolled product of 60Si2Mn
steel before process optimization
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E2 TZAAGRT 60Si2Mn 5 Fr ok R HHRFE : (a) BRYE; (b)
Bk IR

Fig.2  Surface cracking of casting billet surface of 60Si2Mn

steel before process optimization; (a) acid pickled; (b) mag-

netic particle tested
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Fig.3 Analysis on surface crack of casting billet of 60Si2Mn

steel by optical microscope
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Fig.4 Energy spectrum scanning of surface cracks on casting

billets of 60Si2Mn steel

WERY . R TanE 4, REAE 54 Na K
FILRM I, TR 4 Na=2.19% K =3.
38% ,INHIZI M AR
2.1 ZifasiE

S R A R ae A iz 3 B R TR , 4b T
IE A ], B B BBt Hh B A Il E A,



%5 3

o BB4E.60Si2Mn FEEHT 150 mm x 150 mm FEREGE TS T2 AL 1612

WP 2 R 45 A ) T s B K TR b,
b5 U IA] , VU M A BRSSP
FRARIE R VERT , R a8 RS A TR T ) 9
T BRI, 8 B BT 1 2% , /K i B S AR H T
0 A IR T S (1 i P X P AR s 3h— B4R 3
PREh BB, TG MG R R T 0 IRIE Y . IR
Ao 5 B S 7 A TR B, S R, B IR
2 187 o T YA W e o 3 a3 s 8
SRR R T e B A , S o R AR 4 /D, E A
45 e H R RO AE B 2.2 mm , K BE (AR IR AE
HEEPIRS AR KR ), &7 5000 B i
FA L P A R B, DA R B 4 A B B
PR AL,

Xof {5 R A R Y R A TA A, AN 5 (a) BT
A, PO A S 48 IR B 1, I A e R
FRRLIRPH 1K, 76 %5 20 5 B SR 1 £ SRR 1 B 7
AT R R R
2.2 Z5EhA Ry

60Si2Mn #5404 7= 5 F 59 PR AL AT TS PR B i
FEAE R B REFE AR WK 3, AL RT X AR
P T PRI, O R 29 6 mm, GE it i
FERTE0.20 kg/t £, NI E MR A LI
PRIEASEA B, 3BT IA % 0 AR 7= it e R AR 4 i
A BIFRFsh I, A BB 50 i A e
RIS o i TR R, BE R OK B4k TR i s s Ak
RS G 5 T R R SRS R
2.3 —k¥H

PREEINBE R ) % XI5 S5 0 A 5 1 PR R SR
2,00 6(a) fras, RS HIA Y, REAAER
BEAYS), XM TR shNE , SR w b o 8
1E 1100 CHA , AL EFE 610 CHA BZEBK.

BS EHFEamaAAENREH: (a) (CILAT, o E
2.2 mm; (b) fiAL)S ,HEME 1.6 mm

Fig.5 Morphology of copper tube inner wall of mold after cast-

ing: (a) taper 2.2 mm, before optimization; (b) taper 1.6

mm after optimization
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Table 3 Main ingredient and index of physical perform-

ance protective slag for 60Si2Mn spring steel before and af-

ter optimization ( average value)

T 43/ G 1300 THEEE, B/

Si0, Ca0 R,0 F Cy ( Pa-g) €
Akl 37.36 25.92 5.51 2.36 7.42 0.76 1182
{KALfE 30.59 20.75 8.28 3.99 15.41 0.52 1072

T < R, O-F RS fL )

6 60Si2Mn H —¥%J5 150 mm x 150 mm FHHFEH: (a) L

1kET, —¥%7K 0.45 L/kg; (b) fitb)E , —#%7K 0.32 L/kg
Fig.6 Surface of 150 mm x 150 mm casting billet of 60Si2Mn
steel after secondary cooling: (a) before optimization, seconda-
ry cooling water (.45 L/kg; (b) after optimization, secondary
cooling water 0.32 L/kg
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Fig.7 Surface macrostructure of cast billet of 60Si2Mn steel af-
ter optimization
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