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Continuous Casting of Special Steel Slabs

Kenichi SORIMACHIL, Akira KAWAHARADA, Kazuhisa HamacamI

Katsuo KINOSHITA, Yutaka YOSHI, and Masaji SHIRAISHI

Synopsis :

Recent developments of continuous casting of special steel slabs are described.
High carbon steel has been found susceptible to the formation of internal cracks and corner longitudinal

cracks owing to low strength at elevated temperatures.
mation has been studied using finite element stress analysis.

The effect of cooling condition on the crack for—
The formation of these cracks was pre—

vented by increasing the stiffness of solid shell and decreasing the cooling intensity on narrow face just be-
low the mold. The center-line segregation in continuously cast slab has been decreased without causing
appreciable white bands by the improvement of electromagnetic stirring.

The use of low SiO, tundish powder was effective to reduce the oxygen content of SUS 430. The ridg-
ing of SUS 430 of continuously cast process was reduced to the same value as that of ingot process by the

application of electromagnetic stirring.

The crack sensitivity of 9% Ni steel was extremely high owing to the low ductility between 600°C and

900°C: and large thermal expansion with transformation.

The uniform cooling, prevention of reheating,

and unbending over 950°C. were cleared to be important to avoid the surface transverse cracks and sub-
surface cracks in the continuous casting of 9% Ni steel.
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Fixed side
Photo. 1, Sulfur-print of high carbon steel slab.
(C:0.85%)
Thickness : 200 mm
Casting speed : 1.0 m/min
Specific amount of water : 1.3 1/kg
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Fig. 1. Variation of high temperature tensile
properties as a function of carbon content.
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Fig. 2, Strain distributions in high carbon steel
slab at the position of 1 m from meniscus. (cast

ing speed : 0.7 m/min, C:0.85%)
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Fig. 3. Variation of surface temperature of high

carbon (C:0.85%) steel slabs.

(x10%)
14 ¢ —— Wide face
—-=— Narrow face with spray
«—> Cracks cooling
~ 12 ==== Narrow face withoul
[S T B S spray cooling
. 4 et DY
~ ‘~‘~
@ ~—~-
§ 10
o
&
€ 8¢
2
8
& 6F
!
2
wn
4L P
1 2 1 2 1
0 1 2 3 4 5

Distance from meniscus{ m)

Fig. 4. Surface temperature change of high carbon
steel slab along the casting direction. (casting speed:
0.7 m/min, C:0.85%)
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Fig. 5. Solute distribution in high carbon steel
slabs stirred with EMS. (casting speed : 0.7 m/min,
C:0.85%)
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Table 1. Effect of tundish powder on oxygen
content for 1794, Cr stainless steel.

Chemical composition (wt.%)
Si02 |AlOs | CaO | MgO | CaFa
Powder | 37-43( 4-6 |37-43| 5-8 | 4—6 | 0.95-1.10

Basicity

Powder '
ow!
55 2T7.0 | 465 3.5 9.5 8.02
—B
Total Al
0.008% | 0.007% 0.009%
Powdor A Oxygen content

0.008%
930 | 880 80.0 770
a2s

Powder B| Oxygen content | ., | g45 502
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Fig. 6. Variation of ratio of eqiaxed crystal
zone in 17%Cr stainless steel slab as a func-
tion of super heat.
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Fig. 7. Variation of ridging of 17%Cr stainless

steel as a function of austenitic potential.
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Photo. 2. Microstructure of subsurface crack of 9%Ni steel.
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Photo. 3. Effect of nozzle type and water flow rate on crack formation in laboratory tested

100 kg ingot of 9%Ni steel.
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Fig. 8. Variation of reduction of area of 9%Ni
steel as a function of test temperature.
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Fig. 9. Thermal contraction and expansion of
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reheating
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Fig. 10. Effect of secondary cooling pattern on
surface temperature of 9%Ni steel.

Table 2. Manufacturing conditions and slab
defects of 994 nickel steel.

ttem Step 1 2

< | Secondary Soft cooling Urtra soft cooling
% cooling pattern without reheating [with minor reheating
2| Casting speed 0.75 m/min 0.90 m/min

o ) )

o| Super heat 45°C 30°C

£| Spray nozzle type

| at secondary Flat type Oval type

O] cooling zone

Soaking process -Ordinary heating Slow heating

Facial transverse
crack

Sub surface crack
Corner crack

_Defecls of slab No defects

Table 3. Steel grades cast at Chiba No. | caster.
Classification Steel grade
Ferritic stainless steel SUS 430

SUS 410, R4 10DH,

SUS 42041, SUS 42042,
HCS 18, SUH 409,
R409SR,

SUS 304,
SAE 1050-1060, S50C,

S565C, SK5, SK4,
SKSS, SK8§1,

Martensitic stainless steel

Austenitic stainless steel

High carbon ateel (C20.50%)

SCM415, SCM435
Cr-Mo steel | g 440 SAE4130,
Low alloy steel | Mn-Cr ateal | SMNC 3, SAES046,
(C<0.50%) 1 SNCM220, SAEBE 15,
Ni-Cr-Mo steell o Fae 17, SAES820,
Mn steel SAE 1041, SAE1041M,
alloy steel 9 % Ni steel

A5 FEEF AR LOETROBHTE—IC X B8N
ETMAHIBEC L ABERBIETIOHEHEHRT L 2T, M4
DOFMEMBEEELCLLT VD EE L b,
FiomBicd &SF, 9%Ni OEREEET, 2
EWEHCH — AT v—HA 5 FTE@F RIS~
HETo &L, ZREAFTLEER L) BHKEY
Moo BWAe L LTAS TEHRESY 950~1000°C 0
FAETHEFL (Fig. 10), 2 7 7BIERK 9% Ni 0k

LA BT 5 2RAHFELET LLER chbok
R E L BB LA, &5, Table 2R+ 15
2, £ VT 4y o OBHLETAE QBB X 55— ek
B OFER, AT 7B OGIL L oY H b
Kb~ 5 7 0 LRBHARIEDAIHE & 7o,
PLERNTER & 5 T3 SHEGR oS, gk
MTOWMBINA X EIGERL, BT 55208
EEMAMBIILCEL. ChTTCREBEREFROD HWMHE
%% £ T Table 3 iRL%.

4. B
TH | SEEERT 31T B YRR A 5 7 D gt Db

oI

RABC RV TELRCHRY, EREM 17%Cr 2
F v U AR LU 9%NL i LT~ Bohte

BRILToO LY THS.

1) BRFMEERTCOTRBRESELAEL, HESE
VO THBEINP 2 - —@E RO RE LTV, B
BEAETERE, KL 2 RAHR X OSERITE T OE 0% HE
ke EDBFEBEE LT O>THREIE L. 1, £
ML 2 CERERET 5 &, F0R 7 2% 1R
L, Lindh 74 b VORENBEYRTHD - L%
L.

2) 17%Cr 27 v vAEO WA E 3 tox Rk
FEfRT By, SOy BADEWE VT4 » oty g
—wERA LT, SiO; ORERIGK & MO T5H % B
T3z EMEHTHSD. 17%Cr 27V LAEEDY
v g, BREEFETTS C Lk b BHEH ERSEDK
#cte 5,

3) 9% Ni gy EhIREWAE L, EHHER, £
T#lh, =2—F s FUHRPELLTVA, A5 7 OME
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