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ABSTRACT

Eight coals that are acknowledged as suitable for the manufacture of silicon and silicon-rich
ferroalloys in the electric furnace were included in this study. These coals were characterized
in tenns of their proximate and sulphur analyses and their petrographic maceral and vitrinite
reflectance analysis. Chars/cokes were prepared from each of the coals and characterized for
their microstructures. The chars were tested for reactivity to silicon monoxide at 1650°C,
Chars partly reacted to SiC were studied using the SEM and optical microscope to trace the
gas diffusion paths of SiO gas and the formation of silicon carbide. In general the reactivity
towards SiO gas increases as the coal rank or vitrinite reflection decreases for bituminous
coals. Coarse inertinite of pyrofusinite increases the reactivity to SiO gas. The liptinite
macerals appear to increase reactivity by increasing connected pore development in the chars.
The silicon carbide formation is of topochemical nature and is controlled by pore diffusion.
If the impact of coal ranks and maceral composition on coke microstructure development and
availability to SiO gas diffusion is established, fundamental data on coals may be utilized
in a more efficient selection of suitable coals and coke chars for use in the production of
silicon and silicon-rich ferroalloys.

INTRODUCTION

Coal as a raw material in the production of silicon metal and silicon rich alloys have mainly
been selected on the basis of the chemical composition, free swelling index and in some cases
by SiO reactivity tests Ill,
The properties of the coals, or more correct the chars produced from the coals through the
exposure of coals to high temperatures in the electric reduction furnace, are of vital
importance for the operation of the process. Beside acting as a reductant these chars have two
functions to perfonn in the furnace;

a) Conserve the intermediate SiO gas in the process by acting as a "gas filter" in
the furnace and in this manner preserve matter and energy in the process

b) Influence on the electrical resistance of the furnace and thereby the operation
of the furnace

The different abilities of carbon phases in chars to react with SiO gas has been reported
earlier/2,3/. In this paper we will try to explain the different properties of chars in view of
their structure as derived from the petrographic properties of the coals.
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THE REDUCTION PROCESS

Coal. coke and quartz are the major raw materials in the production of silicon and silicon-rich
ferroalloys. M.B. Muller et al. /5/ and A. Schei /6/ have described the reactions taking place
in the different temperature zones of the process.
The reduction of silica occurs through the formation of the intermediate SiO gas phase .A
typical first step of the silica reduction processes would be the following reactions:

Si02(1) + Si(l)~ 2SiO(g)
2Si02(l) +SiC(s)~ 3SiO(g) +CO(g)

I
2

This reduction of the quartz mainly takes place in the high temperature - or crater- zone of the
furnace.
The metal forming reaction in the crater area proceeds as a reaction between the SiO gas and
siliconcarbide reacts to produce silicon

SiC(s) + SiO(g) ~ 2 Si(l) + CO(g) 3

It is assumed that this reaction proceeds until the chemical equilibria is established/3/. Excess
SiO then passes further up into the cooler parts of the furnace where it reacts with the carbon
in coke and char (Eq 4) to silicon carbide, or some of it may condense to a glassy phase (Eq5).
If the carbon in the char is not completely reacted to SiC before it reaches the crater area it
will react with SiO (g) and form SiC and more CO (g). Unreacted carbon to the crater area is
considered as unfavourable as it leads to an increased production of CO (g) and thereby an
increased CO/SiO ratio in the crater zone. Since we belive that the silicon metal production
according to equation 3 is determined by the chemical equlibrium this will lead to reduced
production and excess circulation of SiO in the burden.
About 80-90 % of the electrical energy consumed in the process is used for the formation of
siliconmonoxide gas from silica. It is therefore of vital importance that as much as possible of
the SiO gas are preserved within the process in order to achieve acceptable yield on raw
materials and energy. The reduction materials virtually acts as a"gas mter" in the upper part
of the furnace burden according to the following reaction:

SiO(g) + 2C(s) ~ SiC(s) + CO(g)
2SiO(g) ~ Si02(s) +Si(l)

4
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Tuset et al /1/ suggested that the effective inter diffusion coefficient of SiO(g) and CO(g) in
the pore structure of the chars and cokes determines the reaction rate between the carbon in the
burden and the SiO gas.

SiO REACTIVITY

In order to be able to distinguish between the different types of chars and cokes a "SiO
reactivity" test was developed /1/. This test give information on how effective carbon materials
are in filtering off SiO gas from a gas stream through the reaction to SiC, an ability thought
to be crucial in the industrial process.








































