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Improvement of Continuously Cast Slab Surface and Performance
of Rolling the Slab Free from Surface Conditioning

Minoru KITAMURA Tosiyuki SOETIMA, Sinzi Kovama, Yosihiro- ~MATUDA

Junji ABU, Yosikazu NMIYA, and Yasutaka YAO

Synopsis :

Refinement in operating practice and technical development such as degassing, Ar gas shrouding, mould
fluxes, tundish refractories, slab surface temperature control in the secondary cooling zone and so on, made
it possible to improve slab surface quality and hence reheat the slab without surface conditioning.

Recently, 80% of the slabs for plates and 50% for sheets are charged directly into the reheating fur—
naces by this process, with excellent results. On the basis of this development, continuous casting of high
grade steels such as API-70 and deep drawing quality steels have been made possible.
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Table 1. Characteristics of CC fluxes (40 kg/ mm?
class steel). :

Kind Ca0/g10, Softening temp (X) vlscgégy(polsl) Complete melting
°C

of flux Row flux 562,%30 ded atl time at I300°C(sec)
A 0.89 1120 1160 8.3 20
B 0.79 1150 180 4.4 23
C 0.83 1150 H70 t1.0 20
D 0.79 1150 1160 4.0 i4

g 55 4 11 B 7 B2+ (Received Nov. 7, 1980)
* (B M RSEAR N )8 gk (Kakogawa Works, Kobe Steel, Ltd.)
*2 ()M ERERTIME R T (Kakogawa Works, Kobe Steel, Ltd., 1 Kanazawa-cho Kakogawa

675-01)
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Fig. 1. Relation between index of entrapped scums
and ALO,; content in melted flux. (40 kg/mm?
class steel)
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Table 2. Effect of SiC deoxidation and Ar seal

on Al,O4 content in melted Aux (40 kg/ mm? class
steel).

Test |, Ar seal of casting stream| Al203 content in melted flux
SiC deaxidation d
No. jbetween ladie ond fundish|number of sk Averoge (%) | Signderd
No No 15 18.8 3.6
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Fig. 2. Effect of SiC deoxidation and Ar seal on
entrapped scums. (40 kg/mm? class steel, Casting
speed : 0.7~0.9 m/min slab size : 250 x 1 900 mm)
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Fig. 3. Relation between longitudinal facial crack
and viscosity of flux. (40 kg/mm? class steel, Cast-
ing speed : 0.7~0.9m/min, Slab size : 250 x 1 900
mm)
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Fig. 4. Relation between index of conditioning
of plate and kind of flux. (40 kg/mm? class
steel, Casting speed : 1.2 m/min, Slab size : 230
x 1 250)
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Fig. 5. Retation between cooling patterns and
surface temperature (API-X 70, Casting speed :
1.1~1.2 m/min, Slab size : 230 x 1 250 mm)
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Fig. 6. Relation between index of transverse crack
and surface temperature at way out of secondary
cooling zone (API-X 70, Casting speed : l.1~1.2
m/min, Slab size : 230 x 1 250 mm)
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Photo. 1. Macrostructure at the longitudinal section
of cast slab with sub-surface cracks. (API-X70)
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Photo. 2. Transformation structure at sub-surface
layer of cast slab. (API-X70)
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Fig. 7. Cooling pattern for the transformation test.
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Table 3. Yield of Al and variation of slag compo-
sition (Low G Al killed steel).

Slag thickness in ladle (weight) |  150™™ (4,500kg)
Aluminum oddition 750kg
from tap while
10 Ar bubbling| *~ Ar bubbling

1) Deoxidation (500 ~50ppm) | iO0Okg{I3%)

2)Sol. Al 250Kg(34%) ——

3) Consumption by T.Fe of slag | 90kg(12%) 50l_<q( 7%)

4)Oxidation by air 180Kg(24%) | -80kg(10%)
620kg(83%) |  130kg(I7 %)

'| before after
blow end of | "Ar bubbling | Ar bubbling
Slag TFe | 21% 13% 8%

composition| A1,05 1% 17% 2%

sl Slag thickness in ladle

-©100~~150 ™™

Index of entrapped scums In slob surface

— T.Fe (%)

Fig. 8. Effect of T. Fe on entrapped scums (Low-
C Al-killed steel, Casting speed : 1.2~1.3 m/min,
T =30~40°C, Slab size : 230 x 950~1 250 mm)
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Fig. 9. Distribution of Al,O; cluster through slab
thickness at loose-side. (Low-C Al-killed steel,
Casting speed 1.2~1.3m/min, 4T =30~40°C, Slab
size : 230 x 950~ 1250 mm)
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Fig. 10. Relation between A Al and Al,O, cluster
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Fig. 11. Amount and size of inclusions found at
surface 10mm in depth by macroscopic observation
(Low-C Al-killed steel, Casting speed : 1.2~1.3
m/min., 4T =30~40°C, Slab size : 230 x 950~ 1250
mim)
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Fig. 12, Relation between T. Fe and sliver defect
in cold rolled sheet (Low-C Al-killed steel, Casting
speed : 1.2~1.3 m/min 4T =30~40°C, Slab size :
230 % 950~ 1250 mm)
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Fig. 13. Relation between AAIl and Sliver defect
in cold rolled sheet. (Low-C Al-killed steel, Casting
speed : 1.2~1.3 m/min, 4T =30~30°C, Slab size :
230 x 950~ 1250 mm)

DAY A —fERETCEIEFETAZFIRET T3
F 7 5AZ —BOEELHLNCT B, Fig. 9 ©
FLE9e—FrDAFFTREDONWT, AH—7B¥EXT
AV SRR E RE L. TO/RE, RET7
1975 A K — EHEEEMN 0.02~0.03% LIFThh
WA D — 7 OB BT A Y A =R FEE L
o EMB LMot Licd 2T, Rk L7-fE4 ol
EREMHEL LY, AT TEETOTVIFIF5AE—
BYEELTCCOERMELT & LEFAEEYEREL T
Wah,

4. EF AFEEDRNE

LA R <A BRF K R A D SR R oY B SIS RN
HECIML T, ERBA7 7OBACIIBRERIEE L L
T, BAED e - EORAPLARAT TR IV LD
B e— AL IDAT 7TREERD, Fx0 7
AH —FuTFOTCEFAEEDHBELZHEL T 5. ¥
LMRAAZ 7 TR IBRIEE L LT, BFREEDA
50 T -Fek ISR LI 4Al R ETEIgIE L L
TEFAFEDOTE R HE L THRBTOMERIELIT
Twab., ¥ LTHETRERRA 7 708 80% s LU
WA OK 0% K E\FAFEEL T3

Fi- 1979 SFEB L W B FAFHROJPFRER 57

IBDF =y 7 VAT AR LIV AT 7 REREHEORE
MR LD, EFANTEREINICHMEOEEMROKEE
BRI DN LAELELT WS, SHBORBL, &
FAEERSMEOIRKEBRTRBLOEERA Y P a—1
D=y FVvIBHEL CHy bF o+ — CEBELHAT
HT ELTHS.

X 73

1) #hE%E: 5 68 @MEMLfs

2) PN 5 50 oW ERa

3) wmn v, FEOE, EmHA+A: gL, 57
(1971) 11, S457

4) BFEEE, B R, HK =, &k
o1, 57 (1971) 11, S673

5) EK&m: 8 72 EIRMBE

6) H B, Wb WU, 294 (1978),
p. 1

7) KwEE, LUk H, ETEH, REE—,
T Ow, AEIE: kX, 60 (1974) 7, p. 235

8) JliFisgk: % 72 ERMES

9) AKRME: ¥ 64 MEEALES

10) #ERsFHE, NIEsFk, ERESE, K6%%k, WU
JE—gER: 8 &8, 66 (1980) 11, S757

1) hidkeg, NME%E, R B, REAMFE: &
L$H, 64 (1978) 4, S154, S155

12) fREEE, SFBATE, LHEIGL, HEARL: ghe
sM, 59 (1973) 4, S$S89

13) rhf |, WINFN: HREE, 1 (1964) 5,
p. 39

14) L. M. HareoLp, J. F. Emic: I & S. M.
(1977) 10, p. 11

15) F[abase, Bk A, RKEHRES, K4 @ 594k
Wze, 294 (1978), p. 79

16) ¥ B AMek: % 54 GNMIES

B & &

— 195 —



