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Pilot Plant Experiment of Smelting Reduction Using Fine Chromium Ore

Shuji TAKEUCHI, Hideo NAKAMURA, Toshikazu SAKURAYA,
Tetsuya Fuiii and Tsutomu NOZAKI

Synopsis :

Experiments of smelting reduction of chromium ore by using 5 t test converter have been made to produce
chromium containing hot metal for stainless steelmaking. Special interest was focused on usage of fine

chromite to the smelting process.

Laboratory scale experiments have been also made with 20 kg induction
furnace to clarify the mechanism of smelting behavior of fine ore.

Following results were obtained :

(1) When raw chromite was injected with oxygen gas from a bottom tuyere, chromium recovery ratio of
70 ~ 93% was obtained. This high recovery ratio was caused by heating and smelting of chromite sand

in the high temperature region near the tuyeres.

This phenomena was simulated by dipping a

sintered chromite into Fe-Cr-C melt in the induction furnace with supplying oxygen.
(2) Addition of chromite sand through a top blown "oxy-coal burner” was also tried and the same high
recovery ratio was obtained. Thermal cracking of chromite sand by the oxy-coal burner was confirmed

by experiments of model burner.

(3) Unsteady heat conduction analysis shows that the chromite sand can be heated up to almost the same
temperature of environment during very short time (<0.01 s ).

(4)Ratio of transitory reaction rate of ascending chromite sand with Fe-C melt was studied.
Key words : smelting reduction ; chromium ore ; powder injection ; stainless steel ; heat conduction.
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Fig. 1. Experimental facility of 5t test converter
for smelting reduction of chromium ore.

Table 1. Chemical analysis and average diameter
of raw materials.
T.C  Ash P S HO | dp(mm)
Coke 82.9 17.1 0.16 0.47 0.27 11~30
T.C V.M. Ash P S H0 N | dy(mm)
Fine coal | 83.9 9.2 15.9 0.01 0.24 0.9 0.66 <0.07
T.Cr T.Fe T.0 MgO Al,03 SiO, C d, (mm)
Ch (Ri),
romite Raw
i 26.8 20.1 18.0 12.1 17.1 3.1 0 014
(Pulverized)
Pre- 0.014
reduced ore 29.9 19.7 7.3 11.0 15.0 10.5 4.0 (Pulverized)
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(a) bottom tuyere
(without 02)

(b) bottom tuyere
(with 02)

(a) Chromite sand injection with nitrogen
(b} Chromite sand injection with nitrogen surrounded by oxygen

Fig. 2. Two types of bottom tuyere for injecting
chromite sand.
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Fig. 3. Structure of oxy-coal burner lance for
blowing chromite sand and fine /coal.
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Table 2. Experimental conditions of 5t test Table 3. Experimental conditions for combustion
converter. test of oxy-coal burner.
Temperature of smelting reduction | 1500~1 730°C Flow rate of Oy 2.0~3.0 Nm*/min
Typical [ %C] of Fe-Cr-C melts | 3.0~5.5% Flow rate of Ny 0.4 Nm®/min
Feeding rate of chromite 8.0~25 kg/min Feeding rate of fine coal 2.8~3.2 kg/min
Oxygen flow rate 20~ 25 Nm®/min Diameter of coal feeding nozzle 6 mm

Feeding rate of carbon (coke, coal) | Rate which keeps [ %C] constant
(%Ca0)/( % SiO0s) 0.5~1.5
Methods of chromite addition Feeding from bottom tuyere

(a) with N; gas

(b) with Oz+ Ny gas
Feeding from top lance with fine
coal and Oy

Without O,

With O,
0, (5NI/min)

/Sintered Cr ore (Sand)

molten iron \1
(18Cr-8Ni~4.5C)
1600°C

() )

(a) Simple contact of sintered chromite sand and Fe-Cr-C melt
(b) Contact of sintered chromite sand and Fe-Cr-C melt with
oxygen blowing

Fig. 4. Simulation
chromite sand.
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Fig. 5. Smelting reduction condition for high
recovery ratio, (%Cry03) < 3, in the case of 5t
test converter.
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Fig. 6. Effect of chromite addition method and
initial [Cr] in Fe-Cr-C melt on the degree of
chromium reduction.
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Fig. 7. Effect of chromite addition method and
temperature of Fe-Cr-C melt on the degree of
chromium reduction.
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Fig. 8. Results of smelting reduction for three
blowing methods : (a) blowing with fine coal and
oxygen, (b)with fine coal and less oxygen (bottom
blow oxygen was increased), and (c) with oxygen
and lumpy coke.
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Photo. 1. Surface part of sintered chromite sand
dipped into Fe-Cr-C melt for 60 s.
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Photo. 2. Surface part of sintered chromite sand
dipped into Fe-Cr-C melt with oxygen blowing
for 31s.
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Photo. 3. Observation of chromite sand blown by
oxy-coal burner lance.
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08 Table 4. Estimation of ratio of transitory
= reaction rate when chromite sand is injected
° 0.6 through bottom tuyeres with oxygen gas.
= 107 Feeding rate of Ratio of transitory
j 04 (;:1305) (u?n) Cr203 in chromite (k 7”, 1 I/VO. 3 (x ;V'. ) reaction rate
' o Do (kg/min) g/min /| kg/min| LK8/mIN | N /(N,+ N, ) X 100( % )
(=] .
= 0.2 08'11 fgg Raw ore

Pt I 6.24 2.37 1.17 3.32 58
l' 6.00 3.80 1.29 5.47 59
0.0 P P—
.0001 .001 .01 A 1 Pulverized ore
. 7.80 2.01 1.07 6.39 76
Time (sec) 4.56 2.32 | 093 | 2.87 55
Fig. 9. Calculation results of increase of average

temperature of chromite sand by unsteady heat
conduction analysis.

N, : Reduction rate at slag/metal and slag/coke interface
N, : Reduction rate at chromite (ascending in metal)/metal interface
No : Re-oxidation rate of [Cr] by Oz

Crore (%Crp03) case case case case case| case | case
injeated [%C] 3 2 |12 3 2
ko) [
Cr ore Cr ore Cr ore
02 02 |[Nz| O2 O2 02 02
600+ 6}
500( == (/‘JX
)\Oﬁ Temp.
(°C)
400 -1700
300 - \\\ Temp. J
. o 1600
200t ]
(%CFQO 3) -1500
100} . . i
‘ Fig. 10. Typical operational result of
oL o L ! ! L L y L 1400 smelting reduction of chromium ore (raw
0

0 10 20 30 40 50 60 70

Smelting Time (min)

chromite, diameter = 200 mm) injected
through bottom tuyere with oxygen.
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