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Analysis of Inclusion Behavior in a Ladle Refining Process by a Newly Developed Coagulation Model

Katsuhiro FUCHIGAMI, Masamitsu W AKOH, Naochika IMAMURA, Koichi ENDOH,
Akito KiyosE and Thkuo SAWADA

Synopsis : A new model was developed to analyze the coagulation behavior of inclusions in the molten steel during the secondary refining process. The

advantage of the model is to calculate the behavior of two types of inclusions, such as alumina inclusion and slag-origin inclusion, which is a

slag particle engulfed by the flow at the surface of the molten steel. The flow of the molten steel in a ladle is calculated by using a large eddy

simulation model, and several kinds of inclusion collision modes are considered in the coagulation model. Inclusion analysis experiments

were carried out in the secondary refining process, changing the flow rate of Ar gas injected from bottom of the ladle; the results were com-

pared with the calculation. It is concluded that the increase in Ar gas flow rate increases the number of inclusions by enhancing the slag parti-

cle engulfed at the surface of the molten steel. The effect of Ar gas flow rate on the number of inclusions seems to be small within the range

of Ar gas flow rate investigated.
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Fig. 1. Morphologies of inclusions.
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Table 1. Chemical composition of the steel. (mass%)

C Si Mn P S Al
0.05 0.03 0.4 0.01 0.01 0.05

Table 2. Experimental conditions.

case Ar (NI/(s/t)) Mass of steel (ton)
1 0.0293 340

2 0.0441 340
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Fig. 2. Size distribution of slag-inclusions (measured).
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Fig. 3. Size distribution of alumina-inclusions (measured).
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Table 3. Effect of the slag-inclusion on the alumina-inclu-
sion. (N/kg)

~10um [~30um |~50um |~100um[~200pum

non-slag | 2.705E+09| 2.810E+05 334.58 2.99 0.0491
slag 2.689E+09] 2.732E+05 324.22 2.85 0.0414
slag/non-slag 0.994 0.973 0.969 0.953 0.843
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Fig. 5. Boundary condition; size distribution of slag parti-
cles engulfed by surface flow.

KEEIZDWTIT 572, RIEEOREFSCEREFL XD
IZUCEBE L, IS, TS SRR E
BRI BE L T3 27 TRER R TH B H, A
5 2 ZAEWMORBES Iz ONTIE, FIERD 72 ALK
RO EMEARER 2 & L IZREL 2, T I T RITED
ZonTid, KESMEELEE TS L, KELIZDOWT
HEsfrn, FLIFTREZATSROWAIZONWT, £
DFERBKUE L, TabHD ArHES 0.029N/(s - 1) DHA

DEFFERERE A D & ITERITHRMITHET L7z, F7z,

BREML LTO, BEA TV HEAARIZONTYE, [k
IZTRIFREZT T ROMHIZOWT, FHERA KA
1OERFER LR EE D & I ISRITHRRNIZRET L 7=,
Bo NP L ER&H % Fig 4, Fig. 5 I28¥, 7
LIFRIZDNTIE, 4 XN EL B HIFEEBAZ L
BBREIEHMTHO, AT/ RIIONTE, YIBRES
ik L UBARKEAME £ 40 um TEKOE -2 21§
SR & ko7,
5.2 ETEREHLIUVEHREREREONE

2O D KEEIZ I B HEERNA SR E) O & HA R % Fig. 6,
Fig. 7 12773, 0.0293(NI/(s - 1)) (KH#E1) DFAITHNRT,
0.0441(Nl/(s - 1)) (K#E2) DJFAITIE, EFEEIL LS
FFNEL Lo TWD A, WEEFFITHD TRAPKE S

371




N 372

% & $8 Vol. 85 (1999) No. 5

50cm/s
—_—

50cm/s
—_——

Fig. 7. Molten steel flow in a ladle (case 2, estimated).
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Fig. 8. Size distribution of slag-inclusions (case 1).
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Fig. 9. Size distribution of alumina-inclusions (case 1).
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Fig. 12. Modified boundary condition; size distribution of
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Fig. 13. Size distribution of slag-inclusions (case 2, esti-
mated by using modified boundary condition).
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