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Quantitative Estimation about the Influence of Various Factors on the

Smelting Reduction Rate of Cr-ore by Top-and-bottom Blowing Converter

Shin-ya KITAMURA, Takashi ARAIL, Michitaka MATSUO,
Nobuo SATO, Kazuo OKOHIRA and Hidetake ISHIKAWA

Synopsis :

Smelting reduction rate of Cr-ore in top-and-bottom blowing converter was quantitatively estimated by
600 kg scale fundamental experiment and 100 t scale industrial furnace (LD-OB). The change of Cr oxide in
slag with time showed zero-order reaction kinetics and the following points were clarified on the reduction

rate.

1) The rate was in propotion to ¢ %% and L'?, where ¢ was stirring energy, L was diameter of furnace.

2) The activation energy was about 210 kJ/mol.

3) The rate were not cleary affected by the kind of Cr-sources, namely, pellets, briquettes of powder ore, -

carbon containing briquettes and lump ore.

4) The rate increased with the increase in amount of carbon for reduction and the decrease of [%Cr].
According to these results, it was posturated that the transfer of Cr oxide in molten slag phase to the
carbon-slag and the metal-slag interfaces was the rate controlling step. The reduction rate was formulated
as a function of &, L, [%Cr], temperature and the containing ratio of carbon for reduction in slag. The re-
sults of calculation showed fairly good agreement with the observed values.
Key words : smelting reduction ; Cr ore; stainless steel ; top-and-bottom blowing converter.
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Fig. 1. Outline of the fundamental experiment.

Table 1. Experimental conditions.

Furnace Laboratory seale LD-OB
Weight of metal 600 kg 100 000 kg

[%Cr) 0~20% 0~11%
Temperature 1823+10K 1673~1900K
Stirring energy 870~3420 W/t [1390~3660 W/t

[%C] Saturation Saturation

Slag (Al303)+ (MgO) 25~40% 23~30%
composition (Ca0)/(8Si03) 0.8~1.1 1.2~1.7
Weight of C*/Weight of slag 0.07~0.37 0.1~0.2

* |(Total used C)— (Burnt C by O3) calculation|
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Table 2. Compositions of various Cr-oxide sources.

T-Cr M-Cr T-Fe M-Fe Ca0 SiO; Alx03 MgO P S T-C
Lump Ore 29.2 — 11.1 — 0.78 10.81 12.62 16.18 0.003 0.013 ——
Partially-Reduced Pellet 29.9 15.7 15.3 13.8 - 0.55 10.46 11.91 12.21 0.015 0.217 8.9
Non-Reduced :Pellet: 23.2 1.5 11.8 1.9 0.45 7.50 7.29 9.52 0.011 0.236 15.1
Briquette 30.7 — 19.9 — 0.20 0.92 14.55 9.80 — — —
Carbon containing - - 24.4 — 16.0 — 0.19 1.75 11.83 7.92 - 0.13 17.1
briquette
Table 3. Characteristics of cokes and amorphous graphite briquettes.
’ Ash Density (g/cm®) Diameter of
F.C T.8 - Each particle
Si0, Ca0 AlO3 Real Apparent (mm)
Lump coke 6.23 0.38 | 3.47 0.036 87.5 0.67 1.95 0.96 10~25
Amorphous graphite 9.06 0.53 5.45 0.038 78.5 0.04 2.28 1.97 1~5
briquette ’
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Fig. 2. Outline of the experiment by large scale furnace.
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Fig. 3. Example of the result by the fundamental
experiment.
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damental experiment.
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fundamental experiment.
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IhEDH LIS O LIADERMETEE £ T ik
rROLER, EERABRCLEFRAE/R L DR OIEA
Bon, AFHFEEFHVL I LICK ) EEWEFHEATEET
L EPHOr RS T, EFIZES 11%Cr
257U LV AAOBREBIIBVWTY, BRETHICBTS
257D aLBEY 3% LTICHHl+5 2 &HT
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i =]

A: FUBREFRE (cm?)

F:®AH T AHE (Nm¥/s) (O, DA 2HEDHE
FHW).

h: % . (cm)

k: 25 7 b ORENMEREEE (cm/min)

L: #HIF0ERE (ecm)

n: R

(Oxide-Cr),, : FUGTRE TOF-HiRE (%)

(OxideCr)S¥  RMRECOBEMA 7 7 & DT
g (%)

(Oxide:Cr)EM . WE RETOEMA 7 7 H & DF
friReE (%) ,

(Oxide*Cr) s : IBREZ 5 7P O 7 0 LB (%)

Py : FHEAES (Pa)

Q: FEHAL = F Vv F— (kJ/mol)

re : IRMH4E (em)

S: W FEE (cm?®)

t: B (min)

T: &% (K)

T, : T ARE (K)

Vs: 27 765 (em®)

We: BTCHKRMESR (g)
W,: 29 VER (g)

Ws: 25 VEE (g)

a : SR RERELFR

B - RMEREF R

e BHI AL F—FE (W/t)
p: A5 TEE (g/cm®)

oc: BMBEE (g/cm®)

om: A Y VEE (g/ecm®)
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