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Mechanism of Formation and Method of Detection of Breakout
Caused by Sticking between Mould and Slab in Continuous
Casting of Steel

Seiji ITOYAMA, Yasuhiro HABU, Ken-ichi SORIMACHI,

Akira KAWAHARADA, and Sunao YABE

Synopsis :

A sticking type breakout in continuous casting which is distinguished from the ordinary one caused
by buldging at the thin shell of slab corner, was investigated in regard to the effect of operation factors,
mechanism, and method for detection.

The breakout occurred more frequently after changing the plating material of the mould from Cr to
Ni. The breakout frequency decreased by using mould powder with lower viscosity. The thickness of
the shell remained in mould after breakout was thicker near meniscus than that at the lower position
and then increased downwards. A part with very thin or ruptured shell, which was defined as “con-
stricted line”, is formed in an inclination of 30° to 45° downwards to horizontal. The breakout occured
at a position where the constricted line crossed the exit line of mould. Ripple marks with narrow
pitch formed on the surface of both sides of the constricted line in parallel with the constricted line.

On the basis of the results, a mechanism of this kind of breakout was proposed, that is, the breakout
is caused by sticking between mould and slab near meniscus due to lack of mould slag inflow. Two
kinds of detection system of the breakout were developed.
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Fig. .

Appearance of shell remained in mould after breakout.
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Photo. 2. Developed surface of Type-I[ shell remained in mould after breakout.
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Photo. 3. Ripple marks near the constricted line
of shell. ,
Table 1.

and chemical composition of steel.
breakout/number of casting x 100)

Relation between the breakout frequency
(=number of

High carbon Steel contained Plain carbon
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Concentration C>0.502% P=0.090% —
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Photo. 4. Appearance of corner of shell remained
in mould after breakout.
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Table 2. Influence of mould powder on breakout
frequency.

Mould Viscosity at High carbon Steel contained
powder 1 300°C {poise) steel phosphorus
B 3.6 — 33%
D 1.6 27% 0%
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Fig. 4. Relation between the breakout, kind of

mould powder, and mumber of use times of

mould.
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Process of breakout caused by sticking.
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Photo. 5. Longitudinal solidified structure below
and above the constricted line of shell.
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Fig. 6. Formation mechanism of ripple mark on
the surface of the shell.
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- Table 3. Comparison with shell thickness measured

and calculated near meniscus.

Breakout slab Ny Np  legy (min) dgg (min) dopg (mm)
Bl 107 95 1.25 (75s) 25.7 22.0
B2 143 136 1.35 (8ls)  26.7 26.7
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Fig. 7. Temperature at interface between molten
steel and mould after direct contact.
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Fig. 8. Detection systern of the breakout by
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Table 4. Relation between breakout frequency and

--—-measured waves, standard waves

UPPer hm't Ve = 075 “in
n=0.24
lower l|m|t\/ \/

WAWA\: o
VARY,

7z : degree of disorder of oscillation waves.

Table 5. Observed values of true strain of
oscillation system.

N 7 Mould Number of use True strain (p) T
Grade powder times of mould (eo—ep)/2 Note
High carbon D 389 48 Breakout

steel occured

” E 455 14
Plain carbon B 460 11
steel

&0 : Amplitude of strain during casting.
e : Amplitude of strain before casting under the mould oscillation
condition as same as during casting.

'

1

L2

natrow face

!
l
|

7 <0.24 >0.24

Breakout frequency 0% (n=81) 1009 (n=3) Fig. 11. Representation of shell surface in mould

n : number of casting

before breakout.
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Fig. 13. Detection system of breakout caused by
sticking on No. 1 continuous casting machine at
Chiba Works.
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t=0, x=d.+d, T 0=(5n-0°m
+Sn.0°n)/(5m+sn)..................(9)

TET Sm=VCm Pm ms Su=V Cq pn-in

t=0, de+dy<x<do+dy+dy T 0=0°y --(10)
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t>0, x=d, T 2.(80/3x)=

An/dn (Onsm —0Oc/n) ---veeeeeremeenen (12)
t>0, x=d.+d, T 24(8¢/0x)=

An/dn (On/m—0Oc/n) ---oeeeeeeeeeees (13)
t>0, x=do+dp+dn T 29(8¢/0x)=0 ----.. (14)
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#7 (kg) TH 5.
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