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Production of High Carbon Ferrochrome by Smelting Reduction

Hiroyuki KATAYAMA, Masatoshi KUWABARA, Hiroshi HIRATA,
Jirou YAGI, Tikara SAITOU and Masaki FuJita

Synopsis :

As a process for the production of ferrochrome without electric energy as heat source, a new smelting
reduction process with the top-and-bottom blowing converter was developed.

The special feature of this process is to separate the metal bath from top-blown oxygen jet by the thick
molten slag layer.

The pilot plant test of 2 t/h production scale was conducted by the Research Association for New Smelt-
ing Technologies.

The results are summarized as follows;

(1) The operation of this process was stable.
done without any problem.

(2 ) Suppressing the erosion of lining (MgO-C brick) and accelerating reduction of chrome ore can be
satisfied, at the same time, by controlling the slag composition ((%MgO+%Al,03) : 46~47%).

( 3 ) The method for using fine chrome ore without agglomeration was devised.

(4) The composition of product is lower in S and Si, higher in C and Cr (about 1%), than conventional
EF product.

P content of the product depends mainly on the carbonaceous materials used. As the process for produc-
ing low P ferrochrome with cheap carbonaceous materials (e.g. green oil coke), a process composed of
rotary kiln and smelting reduction furnace was proposed.

Compared with conventional EF process, the advantages of this process are low energy cost, direct use of
fine ore and low impurity in product.

This process can be applied for the production of other metals and alloys.

Key words : ferrochrome ; smelting reduction.

Scaling up of about 30 times in oxygen blowing rate was
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® Amount: Necessary for
separating oxygen jet

from metal
® Composition: Necessary \
for dissolving ore

/

® Ore or partially reduced ore
® Carbonaceous materials
® Flux

Soft blown through
multi-hole nozzle

-{ Carbonaceous materials

Necessary for reduction
and control of slag

0 Q=—o Bubble
s
Bottom blowing gas

Necessary for stirring

Fig. 1. Principle of the process.
Table 1. Capacity of pilot plant.
Inner diameter 1.7 (m)
Length 35 (m)
Rotary kiln Gragient 40/1000 (—)
R Rotation 0.1~1.0 (rpm)
Pre-reduction Temperature Max. 1400 (°C)
Feeder Chrome ore Max.2.0 (t/h)

Max.1.6 (t/h)

Carbonaceous material

Top-and-bottom blowing converter
Smelting reduction

Top blowing Max. 2 700 (Nm®-03/h)

Bottom blowing Max. 400 (Nm3-(03+Ns+LPG)/h)
Inner volume 6~7 (m®

Metal Max. 6 (t)

Slag Max. 5 (t)

Exhaust gas treatment

Wet type dust catcher
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Table 2. Chemical compositions and size of chromium ore and carbonaceous materials (wt%).
T.Cr T.Fe Ca0 Si0; AlO; Mg0 P S R.Cr* RFe*? Fixed WVolatile gy, o Size
Sor L.te a "2 23 g g * carbon  matter
Partially 2.2 13.8 0.9 9.3 11.9 9.9 0.015 0.139 55.0 90.3 9.8 — — 0.6 5~15 mm
reduced pellet
Fine chrome ore | 30.7 19.6 0.4 1.9 14.6 9.8 0.003 0.011 — — — — — 0.1 (<0§51;n(;)n?‘gl6%)
Coke — 1.0 0.4 6.6 3.5 0.3 0.050 0.567 — — 84.2 2.4 11.9 1.5 5~25 mm
Anthracite — 1.6 0.5 3.5 1.7 3.5 0.012 0.821 — — 75.9 7.5 12.0 4.5 <30 mm
Qil coke — 0.0 0.0 0.2 0.1 — 0.001 1.167 — — 83.4 9.2 0.4 7.0 6—~25 mm

* Reduction degree of Cr-oxide *2 Reduction degree of Fe-oxide

Table 3. Experimental conditions pilot plant test.
Top 0, 1500~2700 (Nm%/h)

Blowing rate 0, 0~130 (Nm%/h)
Bottom Ny 0~130 (Nm®/h)

LPG 0~30  (Nm%h)

1580~1 700 (°C)
3~6 (t)
2~6 (t)

Temperature of melt
Amount of metal
Amount of slag
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Fig. 2. Examples of the behaviour of chromium
content in slag.
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Fig. 3. Influence of (%MgO) + (%Al,0;) on
(T.Cr) in slag and the erosion rate of brick.
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Fig. 4. Example of sulfur balance in a heat.

Table 4. Chemical compositions of products of pilot plant test (%).

Ferrochrome Slag
This process Conventional EF process This process Conventional EF process

Cr 57~58 56~57 T.Cr 0.8 1.5~3.5

C 9.0~9.5 8.0~8.2 T. Fe 0.4 ~1

Si 0.2~0.3 2~4 Ca0 28.0 ~4

P 0.026*~0.075%2 0.03~0.04 Si0; 25.0 ~32

S 0.004~0.010 0.025~0.040 AlO5 23.5 ~25

N 0.01~0.02 0.020~0.025 MgO 21.5 ~32

Carbonaceous materials

* 0il coke

*2 Metallurgical coke
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a. Intermittent addition through b. Continuous addition through

a side hole
Fig. 5. Two methods tested for adding fine ore
into smelting reduction furnace.
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Fig. 6. Comparison of chromium loss as dust
among three cases defferent in combination of chrom
ore size and feeding method.

Table 5.

T.Cr T.Fe

Typical composition of dust(wt% ).

CaO Si02 MgO A1203 P205 S C

27.78 23.83 4.76 2.03 3.9 1.89  0.09 3.91 4.51
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Fig. 7. Influence of [%C] on Cr/Fe ratio of fume

from Cr-Fe-C melt.

Table 6. Result of analysis on dust formation.

Contribution to Range of Cr-loss
the total dust ratio as dust to
(wt% ) added chromium (wt%)
(a) Fume 37~46 1.5~1.8
(b) Bubble bursting 25~42 1.0~1.8
(e) Carry over of ore 5~12 0.2~0.5
(d) Splash of slag ~12 ~0.05
(e) Carry over of
carbonaceous ~5 —
material
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Fig. 8. Relation between post combustion ratio
and temperature of atmosphere.
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Oil coke:
1173 (kg/t)

| Chrome ore:
1886 (kg/t)

1
e

]

Container

® Oxygen:

1 @ Lime: 234 (ka/t)
V. @ Silica : 287 (kg/t)
® Dolomite: 163 (ka/t)

i
[

918 (Nm3/t) ——

) Smelting
+ Hot ore | l reduction
+ Hot char % furnace

|
@ vreaG: N3 : 36 (Nm?/t)
6.4 (Nm3/t)

Fig. 9. Schematic diagram of the process.

Table 7. Comparison of characteristics of this process with conventional EF process.
Items This process Conventional EF process
Chrome ore Fine ore can be used directly. Lump ore or agglomerated ore are necessary.
Materials
Carbonaceous | Many sort of carbonaceous materials can be used. Carbonaceous materials with high strength are necessary.
E Almost all of energy can be supplied by combustion of carbo- | All the heat is supplied by electric power.
nergy naceous materials. (2 000~4 000 kW/t)
Prod [Si] and [S] level are lower than those in conventional. [Si] level is high
roduct [P] level depends on the carbonaceous materials used. 11 level 1s high.
Amount of the slag is a little larger than that in convention- _
By-product al, but (T. Cr) level is lower.
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