KEEHEOGH ERERL S IETHEER DR 1377

UDC 669.14-412-147 : 621.74.047 : 669.15'24'26-194.55
1 669.15'26-194.55 : 669.14.018.8

B
=t

IKEEHEEDFEERERICE X ITTHEROPE

fwHE 2R

™R - = ET-RF et

Effects of Various Factors on the Stability of Casting in

Horizontal Continuous Casting

Youichi UMEDA, Yasuo SUGITANI, Minoru MIURA, and Ken NAKAI

Synopsis :

The horizontal continuous casting machine of 2 ton laboratory scale was installed to investigate the bas—
ic problems associated with casting round billets of carbon steels and stainless steels.

The main results obtained are as follows :

(1) Intermittent withdrawal is essential for the prevention of break out during the casting of the bil-
lets in the operation of the horizontal continuous casting without mould oscillation.

(2) For joining the mould to the tundish, the gap between the mould and the refractory nozzle of the
tundish has to be minimized to prevent the molten steel penetration into the gap forming fin shape solidi-

fication shell which results in break out.
to give satisfactory results.

Nitride refractories, e.g. boron nitride refractory, has been found

(3) The difference of the inner diameter of the mould and the refractory nozzle has to be minimized
to decrease the discontinuity of solidification morphology beneath the surface of the pull mark.

(4) The friction force between mould and solidified shell of stainless steel is larger than that of carbon
steel. Nickel plating with solid particle dispersion as a lubricating agent enormously decreases the fric—
tion force between the mould and the solidified shell, which enabled casting 150~260 mm¢? stainless steel

billets.
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Fig. 1. Elevation view of experimental machine.

Table 1. Specification of experimental machine.

Ladle copacity 1,2 ton

Tundish capacity 0.6 ton

Billet diometer 120~ 260 mm £

Billet length | mox. 7m

Steel grade Corbon steel, stainless steel

withdrawal equipmentj Hydroulic drive

Withdrowol method | Continucus, intermittent

Moutd Water cooled copper

Secondory ceoling

Not odopted
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Table 2. Experimental conditions.

0.35 ~ 1.20 "/min.

Continuous or intermittent

Averoge casting velocity

Withdrawal pattern

0.25 ~ 1.0 sec.
0.75 ~ LS sec.
24 ~ 60 cycle/min,

Pull time

Stop time

Withdroawal cycle

BN, Al203 -grophite

Refractory nozzle moterial
Al203, Zr 02, Si0O2

Plating of mould inner Cr plating

surface Ni plating with dispersion of (CF)n

Superheat in tundish 10 ~ B80O°C

Oxygen conceniration in
tundish

<01 %
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Table 3. Chemical composition of tested steels. (wtg5)

Steel grade C Si Mn P S Ni Cr
0.19 0.25 0.55 0.012 0.010
S20C ~0.22| ~0.33| ~0.64| ~0.018| ~0.018| U tr.
0.48 0.24 0.85 0.012 0.010
550G ~0.53 | ~034| ~092| ~0.018| ~o0.018| tr.
0.04 0.45 1.40 0.010 0.002 9.10 18.00
SUS 304 ~0.08 | ~0.60| ~1.60| ~0.025| ~0.004 | ~9.40| ~18.70
0.04 0.44 0.50 0.010 0.002 0.15 16.20
SUS 430 ~0.07 | ~0.55| ~0.65| ~0.018| ~0.004| ~0.25| ~16.60
0.04 0.40 1.40 0.015 0.002 9.30 17.20 .
Sus32l ~0.06 | ~0.55| ~1.60| ~0.020| ~0.004 | ~9.60 | ~17.50 | Ti0.45~0.35
. 0.05 0.70 1.50 0.015 0.002 12.20 17.40
SUS 316 ~0.07 | ~0.85| ~1.65| ~0.0622| ~0.005| ~12.50 | ~17.60 | M© 2-25~2.40
SUS 310 0.05 0.45 1.45 0.015 0.002 19.50 924 .50
~0.07 | ~0.54 | ~1.55| ~0.022 | ~0.005| ~20.40| ~25.70
Allov 800 0.05 0.48 1.05 0.015 0.002 31.50 19.50 Ti 0.38~0.42
y ~0.07 | ~0.58| ~1.20| ~0.023 | ~0.004 | ~33.00| ~21.00| Al 0.38~0.42
Allov 600 0.05 0.30 0.28 0.005 0.002 74.00 14.90
Y ~0.07 |  ~0.40| ~0.32| ~0.008| ~0.003| ~76.00| ~16.00
N FREE AT, 3T ok - P
A L.
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Fig. 2. Joining method between refractory nozzle
and mould.
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Photo. 1. Appearance of the billet which had been cast at first by intermitient withdrawal following
by continuous withdrawal. (140 mm¢ S50C billet, casting speed : 0.65 m/min.)
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Fig. 3. Distribution of the shell thickness of the
billet which had been cast by the continuous
withdrawal.
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Fig. 4. Schematic illustration of the relation between the withdrawal method and the

formation of solidified shell.
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Fig. 5. Comparison of initial solidification profile
between observed and calculated.
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Fig. 6. Transverse crack formation on the billets
experimented with various stop time and pull
time.
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Fig. 7. Schematic illustration of withdrawal pattern
and solidified shell formation.
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Fig. 8. Result of temperature measurement at
the inlet of the mould.

Fig. 9. Formation mechanism of the lapping.
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Photo. 3. Relation between the shape of refractory
nozzle and the solidification structure in the vici-
nity of pull mark.
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Fig. 10. Formation mechanism of solidification
structure in the vicinity of pull mark.
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Fig. 11. Change of withdrawal force during
casting. (Cr plated mould)
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Photo. 4. Micro-section of Ni plating layer with
dispersion of graphite-flouride.
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Photo. 5. Appearance of SUS 304 billet.
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