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Abstract
The technology of ferrochrome smelting in DC furnaces is described. A comparison is
made with the technology of smelting ferrochrome in AC furnaces, the advantages and
disadvantages of both technologies are noted. The ways of increasing the production
efficiency of ferroalloys in direct current furnaces have been outlined. A promising
method of intensification is the use of ore-coal briquettes.
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1. Introduction

The main volumes of carbon ferrochrome are smelted in ore-reduction electric furnaces
of alternating current (AC) furnaces, in which self-baking electrodes are immersed
in a mix material, including chrome ore, carbonaceous reducing agent and flux. In
round three-electrode electric furnaces of alternating current, the process of chromium
ore reduction by carbon is solid-liquid. Oxides are recovered from the slag-ore melt
with a carbonaceous reducing agent (coxy, semi-coke, special coke). The reduction of
chromium oxide can be represented as follows:

2/3Cr2O3+ 18/7C = 4/21 Cr7C3+ 2CO ΔG0 = 511128 – 364,57 T

(T𝑏𝑒𝑔 = 1402 К)

Cr2O3+ 81/23C = 2/23 Cr23C6+ 3CO ΔG0 = 749452 – 526,47 T

(T𝑏𝑒𝑔 = 1424 К)

One of the products of the reduction process is gaseous carbon monoxide, which
should freely leave the reaction zone located under the electrodes in the thickness of
the charge. This is required for the normal operation of the furnace when using a lumpy
chrome charge that has sufficient gas permeability. The use of chromic ore of a large
fraction is the main condition for the traditional carbon thermal process, the production
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of ferrochrome in electric furnaces. This is the main drawback of the smelting process
of carbon ferrochrome in AC kilns - the need to use a fraction of expensive lumpy ore.

Chrome ores in their mineralogy are represented by chromite. The industrial value of
the raw material is determined by the content (about 50% Cr2O3), at a sufficiently high
Cr2O3 / FeO ratio (not less than 2.5) and the SiO2 content is not more than 10% and less
than 0.015% R. The chemical composition of chrome ore is the leading element content,
harmful contents impurities and the ratio of chromium oxide to iron oxide, determines
the possibility of obtaining carbon ferrochrome with a chromium content of more than
65% Cr. Along with the chemical composition of chrome-ore raw materials, for the use
of chromic ore in the smelting of high-carbon ferrochrome in electric furnaces operating
on alternating current, there are size requirements (10 - 300 mm), where the fraction less
than 10 mm should not enter into the furnace due to its removal from the working space
with exhaust gases.

During the extraction and enrichment of chrome ore, a significant amount of the fine
fraction of Cr2O3 rich in content (less than 10 mm) of about 70% is formed. The ore
fines formed in the process of mining and enrichment are not widely used in ferroalloy
production and accumulate in the dumps. The use of such chrome-ore raw materials is
an urgent task.

The use of chromite ore with a fraction of less than 10 mm in the production of carbon
ferrochrome in AC electric furnaces requires agglomeration technology and significant
capital expenditures.

One of the main directions, according to the experience of a number of countries,
the use of small chrome ore for smelting carbon ferrochrome is the use of DC furnaces
[1–3]. This electric furnace unit when working with an open arc allows the use of chrome
ore fraction less than 10 mm without preliminary agglomeration. The main parameters
of ferrochrome smelting are given in Table 1.

Table 1: Parameters of carbon ferrochrome smelting.

Indicators Smelting options

AC DC

Transformers power, MVA 81 (3х27) 110 (2х55)

Active power, MW 47 - 49 45 - 50

Operating voltage, V 300 - 310 750 - 850

Fractions of chrome-ore raw materials, mm 10 - 300 less than 10

Specific electrical energy consumption,
kW · h / t

3800 - 4200 4700 - 5200
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In DC furnaces, the mechanism of chromium oxide reduction by solid carbon is fun-
damentally different - in them the ore part of the charge is first melted and then reduced
by solid carbon floating on the surface of the slag bath.

However, the process of smelting high-carbon ferrochrome in DC furnaces has draw-
backs with regard to the energy efficiency of the process.

In particular, in a DC furnace, the use of only fine chrome ore eliminates the possibility
of regulating the carbon content by traditional methods. The only way to reduce the
carbon content in the metal to the desired values is to raise the temperature of the
entire system inside the furnace. Also, the use of fine chrome ore without preliminary
agglomeration increases the recovery process during the smelting of high-carbon fer-
rochrome in DC furnaces, which affects energy consumption and reduces the service
life of the furnace lining.

The method of intensifying the recovery process, and, consequently, increasing the
productivity of the unit, is to increase the area of direct contact of the liquid metal with
carbon. The easiest way to fulfill such conditions is to use ore coal briquettes.

The main advantage of the DC smelting process is that it is possible to use cheaper
chrome ore of small fractions (less than 10 mm), which is 10 times cheaper than large
lump ore, but this technology requires additional development and improvement.
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