END-OF-LIFE TYRES IN ELECTRIC
ARC FURNACES: AN INDUSTRIAL
SUCCESS STORY.

ANTHRACITE REPLACED BY END-OF-LIFE TYRE:
THE PROCESS IS RELIABLE, ECONOMIC AND ECOLOGICAL.

ALIAPUR and LME have been using a new recovery technology
for end-of-life tyres in electric arc furnaces for the last two years.
The technology was developed by ARCELOR RESEARCH.

A recent decree requires that all new tyres sold in France should be recovered

by the producer. ALIAPUR regroups the main tyre manufacturers present

on the French market and in 2005 ensured the collection and recycling of almost
294,000 tonnes of end-of-life tyres.

ALIAPUR actively promotes new applications and research by industrialists who

could use end-of-life tyres as an alternative raw material.

This case study illustrates the project conducted by the steel plant LME and ALIAPUR.
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« Casting -

However, there is one restriction. The overall loss in terms of dust mass at high temperature (850 °C) in castings with end-of-life
tyres is greater than in those without tyres. This suggests incomplete combustion (lack of oxygen) in the furnace in the case of
castings with end-of-life tyres.

Adapting the parameters of post-combustion During this experimental programme, AIR LIQUIDE took readings of the temperatures and
the CO, CO5, Hy, O, and CHy levels in the extraction system at the outlet from the furnace. The results showed the presence of an
exothermic phenomenon (causing a rise in temperature) during the 5 to 10 minutes following the incorporation of the end-of-life tyres in the
furnace. The CO and H, levels measured were 10 to 20% higher than those in castings without tyres (see graphs below).
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Casting without tyres (temperature in red) Casting with tyres (temperature in red)

These tests confirm that the use of end-of-life tyres necessitates adapting post-combustion parameters (oxidation of CO into CO5),
so that the combustion of the CO takes place in the furnace, and not partially in the extraction circuit, as this would cause a loss
of energy in the smoke and excessive thermal stress for the installation.



« Charging the buckets -

Electric Arc Furnace Process:

Electric arc:
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Chemical energy:
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Most of the materials in

the EAF are combustible i.e.
oxidisable.

All the reactions in the furnace
are exothermic ones.
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« Loading the furnace -

Phase 2 - ON-SITE TESTING

Following the initial tests in the laboratory, trials were
conducted at two steel plants in Lorraine, France. The
technique was tested and then refined using the Ascometal
electric furnace in Hagondange. Lastly to validate the
principle, a prolonged industrial operation phase was
conducted at the SFAM furnace at Neuves-Maisons.

After having verified that it was possible to operate without
incident, various methods of introduction were tested, ranging
from whole end-of-life tyres down to ground rubber, while
monitoring the effects on material and heat as well as the
furnace emissions.

Good practices:

Environmental emissions

These measurements were carried out by the LECES. The
aspects relative to the environment were as follows, on 30
castings:

Measurements in the extraction system: no impact (VOCs or
S02),

Smokestack emissions: no incidence on measured concen-
trations of PAH, BTEX and PCDD/F (PolyChloroDibenzoDioxines
and Furans) in the gaseous phase, and in C, S, Cd, Zn, Pb
or TMS (level of soluble materials) and PAH in the dust,

Furnace area: no significant change.

1 Monitor exactly the quantities of tyres added,

2 Add the tyres at the correct point in the charge, neither at
the top nor at the bottom of the bath,

3 Adapt the use of the burners and the post-combustion to
the situation. Above all, the CO must be burnt in the
furnace, and not partially in the extraction circuit.

An American patent has existed since 1993. This patent
covers a method for melting steel using scrap metal and
end-of-life tyres, such as used vehicle tyres (at approx.
0.25% by weight). The scrap metal and the whole end-of-
life tyres are placed in a melting furnace, such as an
electric arc furnace and the end-of-life tyres are burnt with
air or oxygen to provide an auxiliary heat source to melt the

Results:
scrap metal.

= Only end-of-life tyres shredded into pieces of about 10 cm
each, and added loose to the contents can meet the
incorporation range, which is used for coal (in practice, 5
to 12 kg/tonne of steel).

= The heat results of the furnace did not reveal any difference
between carbon from anthracite and that from end-of-life
tyres.

= The calculated substitution rate is 1.7 kg of tyres for 1 kg
of anthracite.

= There was no difference either in the metallurgical results,
especially for sulphur.



