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Kinetic Study on the Smelting Reduction of Bottom-injected
Chromite Ore Powder by Dissolved Carbon in Iron Melt

Masahiro KAWAKAMI, Youharu KiTAJIMA, Kaoru HASHIMOTO and Koin ITo

Synopsis :

Pulverized chromite ore was injected into 20 kg of molten iron from the bottom, so that the ore should be
reduced by the dissolved carbon. The affects of temperature, ore injection rate, flow rate of carrier gas and
powder size on the chromium yield and reduction rate were examined.

The chromium yield increased linearly with temperature, decreased with the ore injection rate and de-

creased linearly with the mean diameter of powder. The gas flow rate did not affect the yield. The highest -

yield of about 100% was obtained with the ore injection rate of less than 20 g/min at 1 680°C. From the be-
havior of silicon during the process, it is concluded that the oxygen transport in the melt should be the rate
controlling step. The reduction process could be divided into transitory and permanent reactions. The frac-
tion of transitory reaction was from 60 to 75% at 1 500 and 1 600°C, and more than 80% at 1 680°C. The
rate of transitory reaction increased proportionally to the % power of ore injection rate, and decreased
proportionally to the inverse square root of the mean diameter of powder. The gas flow rate did not affect
the rate. The apparent activation energy was 46.0 kcal/mol. From these, it is suggested that several parti-
cles of powder penetrate together into the melt, accompanying some amount of gas, at the nozzle exit.

Key words : smelting reduction ; chromite ore; Fe-Cr alloy; powder injection ; reaction kinetics ; tran-

" sitory reaction ; permanent reaction.
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Fig. 1. Schematic diagram of the experimental

apparatus.

Table 1. Composition of the chromite ore (wt%).

T.Cr T. Fe Ca0 Si0; Al;03 MgO
29.3 15.4 <0.5 3.75 12.1 10.5

Table 2. The experimental conditions.

Temperature 1500, 1600, 1680°C

Particle size 48-70, 70-150, 150-270, 270-mesh
Ore injection rate 10, 20, 35, 50, 70 g/min

Gas flow rate 10, 15, 20, 25 Nl/min
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Fig. 3. Change in the amount of reduced chro-
mium with time.

Ty b L7, 1680°C Tid, #iAWAAEED 20
g/min ¥ TXi3iF 100% OEINFETHD7/-. LHLE
WZHLAWGA AR 2 84 &, 70 g/min T 40% FEE I T
WA U7, 1600°C Tk, 10 g/min O FEWGA & HE T
X 80% DLt &> 7-EULEAS, 50 g/min T CHKIAKHE
R, EAMICEA L. LaL, ThU oA
WAAEETEH, ORI La»o7. 1500°C T,
131% 1600°C & kDM Td o 7255, M fEiE A S <,
50 g/min LLE O WGA A EE Tk, B 20%
THhorz. EIREREE L CEROCEMDNLEZ. 20
& BHAVAARENRT LK E <207, BIR
I RATTHERMENOEES Fig. 6 /R, BIERI
BROTIHESHE T & ITERB R L7z, AR

120F o 1680°C 7
—~ 80- -
[} ©, .
~ ©~1600°C
‘53 I~ -
£

Lo 3 1500°C |

/0/0/ o
i o §
0 20 4.0 6.0
Jt (min"%)

Fig. 4. The amount of reduced chromium from the
top-added ore, against the square root of time.
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injection rate.
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Fig. 7. Change in the chromium yield and reduc-
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Fig. 8. Change in the reduction rate with the ore
injection rate.
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Fig. 13. The rate of tranmsitory reaction against
the ore injection rate.
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Fig. 14. Arrhenius plot of the rate of transitory
reaction.
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Fig. 15. The rate of transitory reaction aganst
the mean diameter of powder.
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