
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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This new initiative in france is supported by major industrial
groups. These groups have the means to commit to a 
programme of development. In addition, the new technology
encourages a synergy between the two sectors, which are
both looking for win-win strategies: 

• on the one hand, ALIAPUR is looking for new ecologically
sound and viable solutions to recycle end-of-life tyres;

• and on the other, the steel industry is discovering a new raw
material capable of replacing anthracite, but which is more
cost effective but just as suitable for its specific needs. And
both industries achieve a way of becoming citizen friendly. 

So far the value of the energy contributed by an end-of-life
tyre has not yet been accurately assessed by the steelmakers.
This was not the objective of this case study concerning
substitution. 

Today, in 2006, the LME site at Trith-Saint-Leger (59),
which is capable of processing 7,000 tonnes of end-of-life
tyres annually, demonstrates the viability of the recycling
of end-of-life tyres (ELT) in electric arc furnaces.

A RELIABLE, 
ECONOMIC 
AND ECOLOGICAL 
SUBSTITUTION:
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Casting without tyres (H2 in pink, CO in green) Casting with tyres (H2 in pink, CO in green)

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 CO2),
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.

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, CO2, H2, O2 and CH4 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 H2 levels measured were 10 to 20% higher than those in castings without tyres (see graphs below).
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Steel making in an electric arc furnace is based on the
principle of subjecting scrap metal to a high temperature
(1,650 °C), for about 45 minutes, until it becomes molten.
An electric arc (temperature over 15,000 °C) provides the
gradual rise in temperature.

Normally, in an EAF furnace approximately 3,300 kg of
lime and 1,150 kg of carbon, in the form of anthracite and
coke, are added for every 100 tonnes of scrap metal.

• The anthracite provides the carbon, part of which is 
dissolved in the molten metal bath, where it functions as a
reducer of the iron oxides (rust). Initially, the gas jets 
(oxygen O2 + methane CH4) in the furnace operate as burners.
These burners heat the scrap metal situated in the cold
spots of the furnace which are not reached by the electrodes.
Once the scrap metal is molten, these jets inject pure oxygen
to generate “decarburization” and “post-combustion” of
the excess part of the anthracite carbon added with the
scrap metal, thus creating additional energy by exothermic
reactions.

• The slag, a metallic by-product (oxidised materials: iron oxide,
silicates, etc) floats on the surface of the molten metal.
This layer of slag concentrates the arc’s radiation on the
charge and consequently improves the energy efficiency.

• Coke in a pulverized form, is injected into the slag to make
it foam and produce CO2. 

The final phase of the operation takes place in another carrier
furnace where the carbon and phosphorus is measured,
more oxygen is injected (when necessary) and any undesirable
elements are analysed to determine the grade of the steel.

ELECTRIC ARC
FURNACES 
(EAF) AND 
CARBONACEOUS
PRODUCTS

AS A GENERAL RULE, THE STEEL INDUSTRY 
POSSESSES HIGH-TEMPERATURE FURNACES
CAPABLE OF RECYCLING PRODUCTS RICH IN
CARBON. THIS IS ESPECIALLY TRUE OF STEEL
MAKING PLANTS WITH ELECTRIC ARC FURNACES
(EAF), WHERE SUPPLY CHAIN AND CYCLE TIME
ARE NOT SO CRITICAL. 
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Electric Arc Furnace Process:

Electric arc:

2

Scrap X
(550 kg)

Lime
(25 to 40 kg)

INLET
Air

(100 to 200 kg)

Carbon
(10 to 15 kg)

Oxygen
(-20 kg) Refractories

(-5 kg)

Electrodes
(1 to 3 kg)

Scrap 
(industrial waste)

(550 kg)

OUTLET

N2
H2
O2
CO

CO2
Dusts (15 to 20 kg)

Slag (80 to 200 kg)

Metal (It)

(150 to 250 kg)

Chemical energy:

Most of the materials in 
the EAF are combustible i.e. 
oxidisable. 
All the reactions in the furnace
are exothermic ones.

Graphite cathode

(Plasma) T > 15 000 K

Steel anode Solid
20 C°

Liquid
1600 C°

Charging the buckets

The aim of LME and ALIAPUR, during the first year of
industrial operation (2004-2005), was to confirm both the
feasibility and the good practices, identified during the 
on-site testing phase. 

At the LME site, approximately one tonne of shredded End-
of-Life tyres (ELT) is added to the scrap metal for each casting
instead of anthracite. The tyres represent 1% of the casting.

The environmental assessment “with or without tyres” is positive.
The monitoring carried out jointly by ALIAPUR and LME
focused on the environmental assessment of this substitution:

• the impact on dust (inspection carried out by the LRCCP 
- Rubber and Plastics Research and Testing Laboratory) 

• the impact on gaseous emissions (analyses carried out by
AIR LIQUIDE).

The study examined the comparative analysis of dust and
gaseous emissions emitted during castings with and
without end-of-life tyres. 

The analyses covered 30 dust samples taken along the furnace
smoke extraction system, and on continuous observation of
the composition of the emissions.

The dust analyses consisted of macroscopic and microscopic
observations, granulometric, colorimetric, apparent density,
volatile material content, composition by weight and nature
of the mineral and metallic elements. The results of these
analyses show that all the operations ran normally and that
the dust samples taken did not differ significantly regardless
of whether tyres or anthracite were used. 

FOLLOWING THESE CONCLUSIVE TESTS, 
THE INITIATIVE TO USE END-OF-LIFE TYRES 
WAS IMPLEMENTED ON A FULL INDUSTRIAL
BASIS AT THE LME SITE IN TRITH-SAINT-LEGER
(59), IN PARTNERSHIP WITH ALIAPUR.

AN INDUSTRIAL 
AND 
ENVIRONMENTAL
SUCCESS 
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Temperature and flow measurement.
Analysis CO-CO2-O2-COV-H2
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Incandescent 
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Graph of extraction circuit. Location of dusts and emissions observations
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A TYRE CONTAINS BOTH CARBON AND IRON. 
THE POSSIBILITY OF SUBSTITUTING ALL OR 
PART OF THE ANTHRACITE USED IN ELECTRIC
FURNACES BY END-OF-LIFE TYRES, OPENS 
UP THE PERSPECTIVE OF A NEW TYRE 
RECYCLING TECHNOLOGY. 

END-OF-LIFE TYRES 
AS A SUBSTITUTE
FOR ANTHRACITE

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:
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. 

Results:
• 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.
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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
SO2), 

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.

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
scrap metal.

Phase 1 - LABORATORY TESTS 

Since 1997 ARCELOR’s research department, ARCELOR
RESEARCH, has been working with various partners (such
as ADEME and MICHELIN) on this research project.

ARCELOR RESEARCH first carried out tests on tyre pyrolysis
in an electric furnace simulator in which it was possible to
reproduce the required range of temperatures and atmos-
pheric conditions. These tests made it possible to find out if
certain organic molecules were formed, and at the same time,
to demonstrate the outcome of the tyre decomposition. A 
comparison between the various materials commonly charged
(oil, mastics, PVC covered steel sheets, etc) was also done.  

This first stage enabled the researchers to position the tyre in
relation to other co-materials (see graph below) with respect
to emissions.

3 4

Legend: CO: Carbon monoxide VOC: Volatile organic compounds BTEX: Benzene,
toluene, ethylbenzene, xylene PAH: Polycyclic aromatic hydrocarbons

Loading the furnace
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