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Kinetic Model for the Reaction between Iron Oxide in Molten
Slag and Carbon in Molten Iron via CO-CO, Bubble

Kiyoshi SHIBATA, Toshihiro KITAMURA and Naoki TOKUMITSU

Synopsis :

The kinetic model for the reaction between iron oxide in molten slag and carbon in molten iron was de-
veloped, assuming CO and CO; in the bubble on slag/metal interface was a ferrying medium for oxygen.
The overall reaction was combination of two reactions : reduction of FeO by CO and oxidation of the carbon
by CO,.

The slag/gas and gas/metal interfacial area were evaluated by calculating the shape of the bubbles and
their occupying area on the slag/metal interface. The shape of the bubble was calculated assuming mecha-
nical balance of surface and interfacial tensions and gravity. The bubble occupancy area was estimated by
simulating the growth and detachment of the bubbles on slag/metal interface. The calculated results are
that the ratio of the slag/gas interfacial area to gas/metal is greater than 5, and that gas/metal interfacial
area is less than 30% of apparent slag/metal interface.

Assuming the rate limiting step is either of the interfacial reactions, the overall reaction rate was cal-
culated. The calculated rate is slower than published experimental data, as far as using GRAENZDOERFFER
el al’s equation and Sain-Belton’s equation for the interfacial reaction rates. It suggests that the two
stage reaction mechanism could not be adequate one within this model. -
Key words : steelmaking; hot metal treatment; slag; simulation; kinetics; interface; smelting reduction;

iron oxide ; bubble.
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FeO (1) = Fe (in metal) + O (in metal)-++-+-++ (2)
O (in metal) + C (in metal) = CO (g) --=+--+---+- (3)
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FeO(1)+ CO(g) =Fe(lors)+CO,(g)---(4)

COz(g)-f-C(in metal)=2CO(g) ............... (5)
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Fig. 1. Schematic illustration of the reaction

between FeO in slag and C in metal via CO-CO,
bubble.
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Fig. 2. Static balance of the bubble on the
slag/metal interface.
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Fig. 3. Schematic illustration of the simulation
model for bubble growth and rise.
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Fig. 4. Calculation results of the reaction rate
with various S,/S,,, for FeO-Si0,-CaO system at
1673 K and 101 325 Pa.
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Fig. 5. Calculation results of the reaction rate

with various Ca0/Si0,, for FeO-Si0,-Ca0 system
at 1673 K and 101 325 Pa.
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Fig. 6. Relationship between S,/S,, and surface

and interfacial tensions, calculated by the static
balance model.
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TRV, EBNLZEREETHIZEE TR,
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25 7D FeO LIS VBEHEHDO CHR T 7/
X ZVRECHETARBENLTHILT A E LAET
VEER L. Ao 7 VI REYEE D S G5
HETHET A EFT NV ELR, FREEERD %O RIS
A OEALA o ®EE, SRR, KEICKkITTE
BYEZHETES, LrL, BFOREFREX L HW
7ZERY Tid, EFUHIHFHEENSRKOLIERICEE
ERRE & LB L TS, ERELFHHTE v,

SRR X OCRESEAEEEOREET VO
REE, {bFROnEEXDOZLHORET L & b2, REW
HAED R - - EHEPVETH 5.

W 5
ac:ClHE
areo : FeO {HE
asio, : Si0; i &

Cs: AT 7ENEE (mol/m®)

g: EHIEE (m/s?)

K, : FeO+CO=Fe+CO, O-FE#

Ng : C BEfL#EE (mol/m?-S,,s)

Nieo : FeO 5BICHE (mol/m?-S;,s)

Peo : RiBA CO 43E (atm)

Pco, : RiaMW CO, 77/t (Pa)

P,: &% (Pa)

R : SARE# (keal/mol deg)

1o RIADHLFE (m)

Tt WA/ A VREOFEFE (M)

ry: AF Y/ HAREOEEE (m)

To/m: AT /A NVREOFE (m)

rr: ZHBRERHROFE (m)

S, WA/ A% VEREFKE (m?)

S,: 25 7/ 7 AR HEE (m?)

ASy/m: AT 7/ A 5 VREFEDOHES (m?)

So: X#EZ T 7/ 2 7 VR (m?)

T: #xHimAE (K)

Vi 2 7 MADOFAAFE (m®)

V,), BB KSTAS T/ A NVFERELDFIE LTS
N x5 VERSICHEE L - s o[ EhsE
(m®) REE@MARTF/ 25 VREEN EHICDH
nE v, =V,

V,: 27 7l oKkt (m®)

Veim: RIBIZE DB & EiFSR 2 ¥ VAR (m®)

V,: fian 2 hiE (m?)

XFeO : FeO :‘E‘)l/'ﬁ'}’:""fi
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6, : SHHEBRICBT A XS V/HAREE KD RS
£ (rad)

6, SHBRIZBIIALATZ/HAREE KFEDZT
i (rad)

O, : SHEHRICBITART 7/ A5 VREEKFED R
T (rad)

Pm: A ¥ WVEE (kg/m®)

0, A5 7EE (kg/m®)

Op: A ¥ VOEKIERS (N/m)

0,: A5 7 DKM (N/m)

Oyym: AT 7/ A% WHRENS (N/m)
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