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The Analysis of Metal-side Mass-transfer in a Slag-Metal Reaction

System with Gas-injection Stirring

Masahiro HIRASAWA, Kazumi MORI, Masamichi SANO,
Yuhji SHIMATANI and Yoshimitsu QOKAZAKI

Synopsis :

A theoretical analysis has been made on the metal-side mass-transfer in a slag-metal reaction system
with gas-injection stirring. Considerations have been given of the fluid flow in the vicinity of the slag-
metal interface. On the basis of a theory of turbulence phenomena, metal-side mass-transfer coefficients
are derived as functions of gas-injection stirring conditions. The theoretical equations are rearranged to
dimensionless correlation equations.

The mass-transfer data obtained by the authors for molten slag-Cu reaction system of Si oxidation by
FeO at 1 250°C and the available data of model studies at low temperature (aqueous solution-amalgam sys-
tem at room temperature and molten salt-molten Pb system at 450°C) are correlated successfully by the
equations obtained in the present study. It is found that the dimensionless correlation equations obtained
in the present study are applicable to the data of ladle desulfurization, as far as the rate is controlled by
the mass-transfer in the metal phase.

Key words : slag-metal reaction : mass transfer ; gas injection ; dimensionless correlation ; ladle metallurgy.
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Fig. 1. Relation between apparent mass-transfer

coefficient of Si, ks;, and injection depth of metal
phase, h;.
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1352 # &

% 73 4E (1987) % 10 &

I defem) Volern3is) hy (em)
0 4 40 31 (hy>R)
(ozs 30 45-85(h>H)

—~ 01 F
u C
E oosf /“dp//
g /
| " L I A
00175 50
hst {cm)

Fig. 3. Relation between kg;" and slag depth, hg;.
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Fig. 4. Schematic representation of the flow pat-
terns in a slag-metal bath.
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Fig. 9. Dimensionless correlation of mass-trans-
fer data at V,> Vg* and h<<h;*.
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Fig. 10. Dimensionless correlation of mass-trans-
fer data at V,>V,™ and hi>h*.
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Fig. 11. Transitional gas flow rate, Vg*, repre-
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Fig. 12. Relation between the transitional gas
flow rate Vg* * and d,.
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hy=hy & &0, dp=0.37 byt &4 Fig. 6 L0 ky
Sh* thB Z0XI% V, IZOWTOEEDY
&7k Table 1 &0 ¥ =6.0: (0p.gdpRe V3/o) Y2 T
HY, pPpe=7X10%kg/m?, #p.~=5X10" *Pa's, a=1
N/m (W¥hdb 1873K) &3 4iF y=300m %% & %1,
EREF— Y IEWETH S, R ERITTHER T
ERZE O & TR TMNIED £ 7 VEERD 7 —
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4R T EREOMEERIRIE T L BT CTH B L BEbh b,
4., #® o

BIROBEH -2 5 7'M Si BEILBUG % % B v 7o £,
BIES 2 & VR EREEEE & 7 AWGA S IR
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AT O. FEEBIIBWVWTIE, A5 7-2 5 VRELED
WEMREE R ERB L T, *x ¥ VAIWHEBEIRE & & AWA
AEREAOBEREFEFEEGEHVCELL. Bon:
HERX o ERTHMAN A EE, CRICKDERT—%
PEELC, WEBBREICHT S 7 AWGARDEE L
BAoHhic Lz, FEE, ERTHBEROSHEGERL
7o AOFFECIR - ERSTHESIC K Y, KifgEo F— %
DHETHRL, ERDKRBDOEFNVERDF— ¥ bHE—H
ICEH A 2 L ASTE A HIL, AT OBREHERIE
BROWBEF— 7 S BEATRETH L LEZ LRI

ARFFENZ BT B TATIFEHEI D W TAHRRFEM
PLE S Y s G MR S L I A RVARAR- B R %
HLETA. 2B, AHRICBITLERT— 5 OBBEIC

LEBRFEARGES L 5 — 2 FIH L7z, RO/

REO—HECMAH LN RBRIEMIIEA (B 58,
60 F£RE) B LU HAZMBE L AR - RHFEBRE

Table 1. Dimensionless correlation equations and
transitional conditions obtained from the present
study.

V< V* (Region I) V* <V, < Vg** (Region IT)

hy<hy*

Sh=1.0% [Peloygd?/o)| Sh=1.0X102X [Pé(pPygd?2/a)?
“(hy/d)]1V? (hy/d,) (hy/d.)1Y?

hy > h*

Sh=6.0X [Pe(Pygd?l/c)| Sh=6.0X102X [P (Pygd2/a)?
- (dgRe™13/d,)]1V? “(dpRe™1Y3/d.) (hgy/d.)]1V?

a=0.425, =0.654
Transitional conditions
hr* 2 (hy*/d.)=36X (dgRe”V3/d.)
Ve 1 (hy/de) =107 4X Pe* 1™ %) (o) g d 2/0) 1~ B)
VR VX * =50 cm®/s
(4V/ 7 d?) d, Ro (4Ve/ 7 d5) de

kyd,
g Dy -

Sh= Dy

- Pe=

(IEF0 57 ) 2%I72. L UE#HoELRT.
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