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The Metallographical Characteristics and the Formation Mechanism
of Longitudinal Surface Cracks in CC Slabs

Takuo KOHNO, Takatsugu SHIMA, Tatsuro KUWABARA, Shozo Mizocuchr

Toshiki YAMAMOTO, Hideyuki Misumt, and Akira TSUNEOKA

Synopsis :

A plant experiment was carried out ; the copper mould of a continuous slab caster was artificially grooved
and thus longitudinal mid—face cracks were formed. The obtained cast samples were metallographically
examined. Local segregation of C, Mn, P and S existed in front of longitudinal cracks in both directions
of thickness and length and the cracks propagated along these segregated regions. This feature was com—

mon in cracks appeared differently.

The very vicinity to the crack entry showed the deformation of ferrite and pearlite structure. This means
that the opening of cracks to the surface occurred when the surface temperature decreased below Ar; point,

possibly in the secondary cooling zone.

A formation mechanism of longitudinal surface cracks was proposed based on these findings.
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Fig. 1. Typical longitudinal facial cracks of
continuously cast slabs.
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Photo. 1. Large crack in accordance with the
artificial mould groove showing some depression
on the surface.
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Large crack on a cross section parallel to the surface, 0.3mm below.
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Photo. 3. Large crack (1 mm below surface). Note
a sharp crack end in the circle indicating austenite
grain boundary cracking.

J Artificial Groove

(#) Nital etching

Castiné di

ToHhOERAEFIC 7Y V=, FTHRHENR D
D, WO —2FF4 FRRETRA LT
Photo. 8 I3 BCNEX 4.5mm O ZWE AR5, =
OLELMENOBEEHEOLRE, WHrTA—AT
FA4 PRFCEFE LT 5.

BhK, ZoOMEhERGEEEPTHIEHEL, TOH
i gt Lizo s Photo. 9 Ch 5. WEIZIZHE LM
50 p KRDOFERKANZOIB., OXkEF XL, KB
THUE LT v FF4 bO,kT7 — R Ok 4 @
Fig. 10) Xixi¥—3$%. %7, Photo. 10 D L3I
Id—=AFF4 PRFT 1mm BETS B0 T, Photo.
9 ORERPRIT VA4 P REEEZ bRD. Lich
DT, KPEENROEBIIZT v ¥ 54 +r RiEth L HE
b,

3.2 pitEh

ZHIRAS 7OREERT, ¥DFF T3 BET
ERVCEMMABEhTHS. Thy ot st 2
Wohsb, H—1EKBY v IALOXBEETHD. B

b

rection

(b) Picric acid etching

Photo. 4. Large crack (4 mm below surface). “A” indicates the crack end but “B”
indicates the segregation at austenite grain boundary. See also Photo 6.
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(b) Picric acid etehing

Photo. 5. Large crack (45 mm below surface). “A’ indicates segregation at grain boundary
but “B’> shows segregation within austenite grain. Sec also Photo 7.
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(a) Nital etching (b) Picric acid etching

Photo. 6. Enlarged picture of crack end of “A” and “B” parts shown in Photo 4.
(4.0 mm below surface)

(a) Nital etching (b) Picric acid etching

Photo. 7. Enlarged picture of crack end of “A” and “B” parts shown in Photo 5.
(4.5 mm below surface)

Photo. 8. Crack end showing propagation into
austenite grain boundaries. (A cross section parallel
to the surface 4.5 mm below)
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(a) Nital etching ng
The same section across the crack showing the coincidence of crack pattern

(d) Picric acid etching
The same section near the crack showing the difference in crack pattern

Photo. 10. Small cracks compared with two kinds of etchant.
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a : Schematic view b : Transmission photo by Xray
Fig. 2. Sampling of small longitudinal facial cracks.
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Fig. 3. Cross—sectional observation of small longitudinal facial crack (Sample No. 2 in Fig. 2).
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(¢) Picric acid etching

(d) Enlargement of (c)

Photo. 11. The neighbouring area to small crack showing a segregated dark zone.
Enlargement of “c” and “d” in Photo, 10. “A” shows precipitates.

Surface

Nital etching

Surface

Nital etching

Photo. 12. Crack entry of the center cross section showing plastic deformation.
(left : Sample No. 2, right : Sample No. 1)
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Tig. 4. segregation of elements near small
longitudinal facial crack.
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(c) Oberhoffer etching
Photo. 13. Vertical section of small longitudinal
crack etched by different etchants.
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Fig. 5. Proposed sequence of cracks formation.
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