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Rate of SiO, Inclusion Removal from Molten Cu to Slag under Gas Injection Stirring Condition

Keiji Oxumura, Masahito Ban, Masahivo Hirasawa, Masamichi Sano and Kazumi Mort

Kinetic studies have been made on SiO, inclusion removal from molten Cu to Li,O-SiO,-Al,O; slag under Ar gas

injection stirring condition. The effect of gas injection on the inclusion removal rate has been investigated. Experi-
ments were done at 1523K. The gas flow rate of injected Ar was in the range of 3~60cm?®/s under the conditions of

The crucible diameters were 30, 40, 60, and 75mm. During each experimental run, the

The bubble size ranged from 7 to 18mm. From the [mass%Q] -time relation, the rate constant of inclusion removal,

The rate of inclusion removal

increases with increasing gas-metal interfacial area. A mathematical model is developed to explain the experimental

result. In the model, the inclusion particles are assumed to adhere to the gas bubble-metal interface during the bubble
formation and ascent periods. The apparent mass transfer coefficient, ky,, for inclusion removal ebtained experimentally

Thus, it is considered that the inclusion particles are

Synopsis :
1523K and 1.013 X 10°Pa.
frequency of bubble formation was measured by means of a pressure pulse technique.
ko, was obtained. It is shown that ko increases with increasing Ar gas flow rate, V.
is independent of the gas flow rate and the crucible diameter.
removed from the melt mainly through adhesion to the gas bubble-metal interface.
Key words : inclusion ; deoxidation ; gas injection ; bubble ; steelmaking.
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1 Gas inlet tube

2 Radiation shield

3 Slag holder

4 Alumina tube

9 5 Alumina crucible

6 Nozzle tube

7 Pt-Pt13Rh thermocouple
8 Gas outlet tube

9 Molten slag

10 Molten metal

11 Pressure transducer
12 Synchroscope
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Fig. 1. Experimental apparatus.
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Fig. 2. Relation between bubble diameter, dg, and
gas flow rate, V,.



0.00 O Vg= 3cm?s

15
41

5 dec=40mm

2 hy=36mm

% 0.002

©

E

0 600 1200 1800
Time (s)

Fig. 3. Typical changes in [mass%O0]: with time.
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Fig. 4. Apparent size distributions of inclusions.
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Fig. 5. Typical changes in log[mass%O]r with time
for various gas flow rate, V,.
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removal, ko, and V,.



B 204 $x&$RMVol. 80(1994)No. 3

0.01 3
7 0.005F
@
o -
2
0.001 -
L 1 ' NS &
10 50 100
dc (mm)
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Fig. 8. Relation between k, and injection depth, h;.
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Fig. 9. Relation between apparent mass transfer
coefficient, kn, and V.
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Fig. 10. Relation between k,, and h;.
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Fig. 11. Relation between k, and bubble-metal

interfacial area, Sg.

TERARBIDTHIEHEL LD,

LI & b, REBRIZ I 58 OSIONEHDOBREIL,
BOUFREIR S ( HAFEIPNE C—EHHOEER P IEIIL,
UL~ D2 MTEMGFE DB EET VICL Y &L
HH’CES%bUJHH iJ‘CZéé
3.6 BEBFEENEYREZEENRER

ARV 35 O T, MRS T 1 35 U 5 M fER 2Rk
BELT, MEWORE - &P EETH 5 LHEE LT,

NAEMREE R OBIE T & 2 B{b2F~ 2 12121,
[Bl-— DWHPIEE T I 5 EERAER OO THIRT 5 2 L F
i lw, L2»L, BTGB toRESI o ER
BB ZiTb otz LD T, ZI2TRIE~DE
BN DAL & » THEZ 3 2 Z T EEE DL EE)
ZRMT 5 E e EH L, F—OWEBEREY
52 5RIASG AFiR LIBIEREREE 2 2 RS
FKEROAER P T 2. HO W EFIRLDDRF - X R v
MR RBEIEE BT A FCRESIC L 5 &, FRARAAR
B 5 cm?®/s & R AERE EES . 835~ HI I T A ZvhiE O

BRSMRED R CHIZ R 5, Fig 1212 2 6 O EEREMD 4
RRIREDREREN AT, BB OEA T
Stirring
O'OOSJE—\ O Mechanical (»=5.83s7")
i \. ® Gas injection (Vg=5cm®/s)
.O\
-~
Q
%
@
E
@)
0.001+ °
- N O
\\ N
- \
0.0005 1 1
0 600 1200 1800
Time (s)

Fig. 12. Comparison of log[mass%OL time rela-
tion between mechanical stirring and gas
injection stirring.

24

AWGABIBIED T ARSI TR S v, LR
P T, HAWRAAIZE B X X )VIED L ORI ENE
AT 27— A X NVRELSEIEDOERE L S > TIRIRES N
ZUEEIOLNS, 3610, FAKALBHSEGTTIE

MEPOTIE — A X VEE~DFEZIRE LI KFEEF v
) ERMEVAENCHMTE A2 6, MEWKR
FHEEL L TRE~DOMNEVRERETH S 2 L FERT SIS,

4. /B8

1) ARH DAL S AFEEV DR ClE S8R DO 2tk
7~18mmét ZHIEEKRS { Ly,

2) F AWGAAEIE T TIL, VORIt fe kg
EE Rk IR T 5,

3) A OWE IR Rk E VL 6 FRE—ETH Y,
HHEILR OB BEMRB S EENC—KT 5,

4k EWRAAIESh OBED 6, [IEBDAERK R ER:S
JUFRE EREORTEOMNEXHEET IV EVFDH B LH
Aohb,

5) kol BT A Z NV IRFEH D& — 2 Zov BRI HEET
%,

6)H AWGAAIZ L B R Z VB D 6 DA FEE 13 2
VA B B2 BURGADE R TRINIAD) 7 X A S AR

YU EX Y, W AVGARBIESRG T T, M EWRERE
L TRIE~DNEVRETCHL EHELOLNS,
AR DHF 5T D— BN S B0 7T B S 22 A (R
BICHEE) 3 & FHARSMAN A X b AE - RHWEMRE
CPERTCHE) Ot R, i L TERHOBEYET,

X

U.Lindborg and K.Torssel:
(1968), p.94

T. A. Engh and N.Lindskog : Scand. J. Metall., 4 (1975), p.49
V.G.Levich: Physicochemical Hydrodynamics, Prentice-
Hall, Englewood Cliffs, (1962), p.207

V. P.Nemchenko and S. I.Popel : Steel in the USSR, (1972),
Oct., p.798

5) A.G.Szekely : Metall. Trans. B, 7 (1976), p.259

6) & &, WAMEEG, /LTl gk kg, 78 (1992), p.1361

7) BATED, TIBEUE, LFIEE, & 3, MHEE, g K
LA, 80 (1994), p.107

M.Sano and K.Mori : Trans. Japan Inst. Met., 17 (1976), p.344
K.Nogi, K.Ogino, A.McLean and W.A.Miller : Metall. Trans.
B, 17 (1986), p.163

J.F.Elliott, M.Gleiser and V.Ramakrishna : Thermo-chemis-
try for Steelmaking, Vol. I, (1960), [ Addison-Wesley]

A Hendry and H.B.Bell : Trans. Inst. Min. Metall., Sect.C.83
(1974), C.10
M.S.Bafghi,
(1992), p.1280
13) & —%, FRBE, #FHE 7T, Eﬁlq’%ﬁ% kL8, 71 (1985),
p.1110

TIREREL, #&  —X, H%IEE, BEhaEik, BEHA, B
kL8, 73 (1987), p.1343

[

Trans. Metall. Soc. AIME, 242

Y.Ito, S.Yamada and M.Sano: ISIJ Int., 32

14)



