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Formation Mechanism of Slab Surface Transverse Cracking in Continuously Cast Ni Bearing Steel

Toru Kato, Norifumi KAsAl, Masayuki KAWAMOTO, Akihiro YAMANAKA and Tadao WATANABE

Synopsis : The hot ductility behavior of low-alloy steels with Ni of 0—4.9 mass% was investigated in the temperature range from 873K to 1273K. The

mechanism of forming slab surface transverse cracking in continuously cast Ni bearing steel was discussed in terms of the behavior and heat
transfer properties previously reported.

For the hot ductility, significant influence of Ni content was observed below 1050K, while slight influence was observed over 1100K. The
width of the ductility trough spread toward the lower temperature as the Ni content increase. The precipitates consist of Ni did not form even
in Ni bearing steel. According to thermodynamic calculation, precipitation behavior such as carbide or nitride did not change depending on
Ni content, therefore, embrittlement in Ni bearing steel was not caused by precipitates. The spread of ductility depending on Ni content could
be attributed to the A, transformation temperature change, and brought about the slab surface transverse cracking. In the temperature range
over 1100K, corresponding to the low temperature austenite region, ductility loss was induced by precipitates, e.g. NbC and/or AIN. Then hot
ductility was independent of Ni content in that temperature range.

On the other hand, Ni content had influence not only on hot ductility but also on cooling property as previously reported. The breakdown
temperature of film boiling became higher with Ni content because of adherent scale layer, thereby transition boiling begins at higher temper-
ature. After all, uniformity of cooling intensity was impeded, and susceptibility to cracking was increased because of thermal stress and

falling into ductility trough.
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1. ¥&E8

WA, JER D5 B TIRADRMREE Lo BRIz & b #irhic
4 DAEETEREBRML 2MEOSEERS LML TV
%, INSAEESORMICHE, BEehHERIC 2 5 7%
HIZEEIN, 55 0EBEOUERERIIS yRRICH-
BN RETIHEANE D, TRETIINVEEML L
EMRIIINLDOBNOREBRBLRE EhTBD, A,
ZEREIRIE LR O B iRl & # s &R O, BIEEAE
5332 LRHLENIZENATHBEO, X522 0EEK
b, yRFICH > THHT 5 AINRNbC & & A5 L,
yRRORBRBICERT 2B HERTN o ED, L
HBLTESPOERFICENER L, ZOHRS THIENE
TT5ZLICBRTAZEBHSNE LS TWEH Y,

—%, WPONi EBNEZEICELT, Niz&AT 3
EAMCHYENHML, ZhicFuy RS AL 5 72
DIZENBZEIMARTEIEAHME IR THE™, Z
OWMETIE, NiOizd MR Crk EWVag C Y 4%
TAHLRELTERTS, LaL, EEOHRERRTIE,
NiZHROMIMZES FINEZHEOHKIIMaRCrs L L

HELTELIREL, BRCHUHBOEMIZES yRRD
Az & 2RO AT 3ICHATE SN, &5
12, NUENbFEEL D#idh TRIER Rt s & O
MEERTELIFAONT, NoBAHEH#HAE TEL 547
HREROBIRBEICES BN ORE DL LRELEL
580DEEZNS, Tabb, NIBEOHEMIZHES R
DEINEZERRKBEL S 28D LHEREINS,
FEAHLRBINE T, NiBEHIKASHFHOR M4+ @M+
572002, RIBEE{LEE) 0% X O Z AUEES HAEEOE
fLWEFEL 2, ZOME, Ni2EETIEBILR Y —
NERENR KR ELK B LERICY 727 — A »EHET 52
E0 BIUZA T L —BHERZIZZ O R 7 — L O Euh R
X DEOCIRES S BEBEL L, WHRESKEZET L
$TH5ZELWEHLMIL, S, $F OO UEIhESZ
YA 3 5 - 0ICHBA I 5 SR ERBR LTV, SR
b4 FAEL -, X512, 2O&EL X ORIH DT
Fo N 75 R % B Ni &8 8 O K S 7840 4 RS
L7,

A 106E6 F 10 H32(F  FEL 1049 A 7 H 32 (Received on June 10, 1998; Accepted on Sep. 7, 1998)
* EREBIE (B RAHIMHZERT (Corporate Research & Development Laboratries, Sumitomo Metal Industries, Ltd., 16-1 Oaza-Sunayama Hasakimachi Kashima-

gun Ibaraki-ken 314-0255)

*2 (EREBTHE (k) BEBELAT (Kashima Steel Works, Sumitomo Metal Industries, Ltd.)



Table 1. Chemical composition of specimens. (mass%)

¢ Si Mn P N Cu Ni Nb Al Ti
0.08 0.3 1.4 0.002 0.003 0.2 0.0-4.9 0.01 0.03 0.02
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Fig. 1. Schematic diagram of the specimen for the hot ten-
sile test.
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Fig. 2. Effect of Ni content on high temperature strain—
stress curve measured at 873K, 973K, 1073K.
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Fig. 3. Effect of Ni content on hot ductility in the low alloy
steel.
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Fig. 4. Effect of Ni content on peak stress in the low alloy
steel.
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Fig. 5. Fracture surface of specimens deformed at 973K
a) Ni=0.0 mass%, b) Ni=4.9 mass%.
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Fig. 6. Precipitates extracted from Ni bearing steel (Ni=
4.9 mass%) deformed at 973K.
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Fig. 7. Change in amount of precipitates with temperature
in Ni bearing steel calculated by ChemSage.
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Fig. 8. Effect of Ni content on temperature of NbC precip-

itation and A, transformation calculated by Chem-
Sage and Andrew’s equation.
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Fig. 9. Relationship between hot ductility and A, tempera-
ture.
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Fig. 10. Effect of secondary cooling condition on slab sur-
face transverse cracking of Ni bearing Steel. Slab
surface temperature during straightening is aimed
to avoid below the embrittlement temperature
range under strong cooling, whereas that is aimed
to avoid above that range under mild cooling.
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Fig. 11. Schematic diagram showing effect of Ni on high
temperature ductility and heat transfer coefficient.
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