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Improvement of Continuously Cast Slab Surface Toward Conditioning-Free Rolling

R+  E#i(Masanori Kodama) 7% M =(Rinzo Tachibana) K IEZ(Masayuki
Onishi) #flE  Z%(Tsutomu Nozaki) [ % Z.(Shinobu Okano) /NR =T
(Michiharu Ozawa) #=lF  FllifE(Toshio Iwasaki) P9 Hi52(Teruyuki Yoshikado)

HE

B A T 7 OREIER 2 SE L, JEBUT 40kg/mm2 %8 & TR Y AR Al /v i 4 5
ANEIET DHICE o Tzl b~ 7o, BFEADEE L7258 bR, ERA 40kg/mm2
TR TIEMERIIL, TR AMERIR Al v FITIZT VI 27 7 A X —Th 5, Rilfithinz
Biikd 21213, ARG oD Z =D R &, ImAKIR OB %07 < LEFH
WRER IS 2 k> Z LI XD, B—REEEY = V2RSS 2D 85 2 Ln
VETHD, RAREHOT NI T 7 AF—%2DT2I120E, BHO®IREA, KR
B EE DN Z =DM ORI 5T, mlFEnarTh 5,

Synopsis :

Investigation into the cause of surface defects of continuously cast slabs has been
performed in order to find ways of rolling heavy plates with 40kg/mm2 tensile strength
or deep drawing sheets of low carbon aluminum-killed steel by bypassing the surface
conditioning. The most detrimental defects to the conditioning-free rolling of these slabs
were longitudinal facial cracks on the slabs for plates and sub-surface alumina clusters
in the slabs for deep drawing sheets. Slow cooling in the mold and the secondary cooling
zone results in uniform shell thickness and less thermal stress and reduces longitudinal
cracks in the case of plate steel. In the case of deep drawing steel, high casting speed,
high superheat of molten steel, and highly basic casting powder with low melting point

are effective in reducing alumina clusters.
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Investigation into the cause of surface defects of continucusly cast slabs has been performed in order to find ways of

rolling heavy plates with 40kg/mm? tensile strength or deep drawing sheets of low carben aluminum-killed steel by

bypassing the surface conditioning.

The most detrimental defects to the conditioning-free rolling of these slabs were longitudinal facial cracks on the slabs

for plates and sub-surface alumina clusters in the slabs for deep drawing shests.

Slow cooling in the mold and the secondary cooling zone results in uniform shell thickness and less thermal stress

and reduces longitudinal cracks in the case of plaie steal.

In the case of deep drawing steel, high casting speed, high

superheat of molten steel, and highly basic casting powdsr with low melting point are effective in reducing alumina

clusters.
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Fig. 2 Effect of water temperature for mold {inlet) or spray on longitudinal
facial crack indices such as:
F [ Relative frequency of defective slab with crack
M ! Crack frequency per unit slab length
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Fig. 3 Effect of water temperature at mold inlet

on the longitudinal facial erack index F

Withdrawal speed: (.8~ 1.0m/min
Slab size:220X1565mm
=12t Mold powder'B o9
N‘E % gg
= 0 89 °
E 1y 8 8 8o
-nE [ss s =]
% 101 G)OO o 0
Z o oS
2 ,L.889°
< o8 8 °
% *]
= B
i J 1 1 1 1 i 1

%6 28 30 32 B34 36
Mold water temperature (°C)

Fig. 4 Effect of water temperature at meld inlet
on mold heat flux

EL 1, HEOHEEICOVTEERS S 3mm £
BOEHRILE % Fig. 5 (a) 1o, th#E % Fig. 5 (b)
Y. AL WELGEKEZRMNTS L, K
W, L EMEE R A VBB LT T
5 LA,

Table 1 Effect of spray cooling pattern on the longitudinal facial crack index M

Specific cooling water (I/kg-steel }
Cooling pattern Crack index M(number/m)
Upper zone Lower zone Total
A 0.9 ' 0.9 1.8 L7
B 0.54 1.16 1.7 L5
C 0.5 1.5 2.0 2.3
D 0.5 1.0 1.5 1.0
E 0.5 0.8 1.3 0.9
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Mold powder : A

Slab size ! 260:X1890mm, Withdrawal speed : 0.6m/min,
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Fig. 5 Effect of mold ceoling water flow rate for wide face on (a} wall temperature

of copper mold at 3mm depth frem inner surface center, {b} heat flux through

mold wall
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Table 2 Effect of mold powder type on surface deffects of slab

Type Ca0/5i0, Al:0q ¥ Viscosity.at 1300C Len?f)e::iantire ]c-‘::cgl];t‘ilgtiilil M Scum index
(%) (%) (poise} e (number /m) (number /m)
Granule (.88 12.2 6.4 12.8 1120 0.81 0.21
Powder 0.88 12.2 6.4 12.8 1120 2.70 2.20
Granule 0.85 13.0 4.2 16.0 1150 0.90 117
Powder 0.85 13.0 16.0 1150 1.00 1.57
Granule 1.10 7.0 7.0 3.8 1100 0.85 0.16
Powder 1.10 7.0 7.0 3.8 1100 1.40 0.24
Powder 1.00 6.0 4.0 3.3 1100 1.37 0.44
Powder 0.90 11.0 2.0 24.0 1150 2.00 1.00
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Fig. 7 Effect of carbon content on longitudinal
facial erack index F
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Fig. 8 Schematic representation of solidifying
shell and foermation of longitudinal corner
cracks
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10 Effect of mold taper of narrow face on (a} wall temperature of copper mold

at 3mm depth from inner surface center, (b} heat flux through mold wall
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Fig. 11 Effect of mold taper on longitudinal corner
crack index F. and mold heat flux ratio
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Fig. 12 Effect of mold taper on longitudinal

corner crack index F. and mold heat
flux
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Withdrawal speed : 0.75m/min
Slab size : 215X 1 575mm
| Mold powder : A

Withdrawal speed : 0.3~ 1.0m/min
3| Slab size : 220X 1 565mm
Mold powder ; A

Crack index F, (%)

o 1 2 3 & 5 6§ 7
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Fig. 14 Effect of maximum difference of mold

re-machining thickness between wide
and narrow faces on the longitudinal
corner crack index F,
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Table 3 Effect of mold powder properties on the longitudinal corner crack index

Brand Ca0/5i0, oy s e e ey | oxloatoon

A 0.90 2 1150 2.0 ¥

B 1.10 37 1100 01 79

c 0.75 16 1130 25 102
D 0.88 12.8 1120 01 92

E 080 | 144 1110 0.2 83

Withdrawal speed : 0.75m/min, Slab size : 215X1 575mm
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Fig. 15 Relation beiween heat flux g, from molten

steel to the solid shell and solidification
coefficient k& in the mold
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Fig. 17 Effect of superheat of molten steel in
tundish or withdrawal speed on the
surface defects of cast slabs such as

clusters or scums

Table 4 Percentage of defective plates which needed partial surface grinding when rolled from

continuoesly cast slabs with or without surface conditioning

Flate thickness{mm)
<16.9 =17.0
Casting machine Slab size
Machine scarfing of slabs
{mm)
None Partial None Partial
220 6.2 6.2 6.6 11.2
Neo. 2CC
260 2.4 3.2 2.1 6.5
190 0.7 2.0 6.9 12.4
No. 5CC
220 1.4 4.4 0.3 4.9

Necessity of slab conditioning were decided through the macroscopic observation after trial partial

scarfing of three sample slabs from each strand
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