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Plastic materials have been associated with electric and electronic applications since the early days of the electrical
industry. Plastics can amount to 30 percents of the scrap mass. Generally, they are treated with flame retardants such
as halogenated ones and they can result in different toxic chemical compounds. These plastics can be used as
combustibles in the recovery of copper and precious metals. However, during their combustion, halogenated flame
retardants can produce dibenzo-p-dioxins and dibenzo-furans. The estimated thermodynamic data of several organic
compounds resulting from combustion of electric and electronic scrap, have been used in conjunction with the
program HSC to calculate the conditions for dioxin and furan formation. The results show that the formation of the
dioxins is dependent on the quantities of carbon, hydrogen, chlorine and oxygen reacting in a given system, as well as
on parameters such as temperature and pressure.

Electronic scrap is a complex material containing various recyclable fractions. It comes from production or discarding
of used electronic products such as old computers, printed circuit boards and connectors. Electric and electronic scraps
contain about 30 percent plastics of which 4 percent are halogenated polymers, and percent refractory oxides with 15
percent silica and 40 percent metals with 20 percent copper. The recycling of electronic scrap dates to 1969, when the
U.S. Bureau of Mines investigated recovering precious metals from old and/or damaged military electronics. In
Europe, the recycling of automobiles, batteries and electronic equipment are now being developed and applied.

Recycling processes for most electronic scrap are technologically well established, with the exception to cathode ray
tubes (CRTs). The luminescent coating of these tubes as well as the glass contain heavy metals as lead and cadmium.
Today, in many European countries, the producers of electronic products focus on whether the products should be
recycled, landfilled or incinerated. Current methods of processing electronic scrap are either thermal or non-thermal.
Methods of thermal processing include pyrolysis, hydration and combustion, whereas non-thermal processing consists
of dismantling, sorting, chopping, classification and chemical treatment.  Already since 1970s and early to mid-1980s,
pyrometallurgical methods have had an important role for electric and electronic scrap. On the other hand, it seems
important to underline that the main aim was to recover only copper and the precious metals, such as gold, silver,
platinum and palladium. Today, the stress is on the recovery of all materials.
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I. Influence of C/H ratios on the PCDD/F formation
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II. Effect of chlorine on the PCDD/F formation
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The mechanism of PCDD/Fs formation during the combustion is not well understood.
However, the majority of researchers proposed different possibilities to explain the presence of
these molecules in combustion emissions.

The dioxins and furans can be formed from chlorinated phenols and chlorinated benzene in the
combustion chamber or via reactions in the fly ash. Thermodynamic calculations on gas
compositions corresponding to combustion of plastic contained in electric and electronic scrap
show that higher C/H ratio and chlorine contents are the favourable parameters for the
dioxin/furan formation. On the other hand, all dioxin/furan isomers can be combusted at a
temperature above 600 °C if an excess of oxygen is present.

The dioxin emission can be controlled at low level by:
- Stable and optimum combustion, 
- Maintaining lower gas temperature though dust collection,
- Enhancing the efficiency of dust collection where the combustion in a normal operation.
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III. Effect of oxygen on the PCDD/F formation.
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Organic Wastes  +  H  =  Volatile ( mainly organic  +  H2O )
+ Ashes  +  Residues containing non volatile carbon.
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Results5

The equilibrium composition was calculated by HSC program which uses the 
Gibbs Free Energy Minimization Method. 

C/H/Cl and O2 input values are always expressed in terms of
moles. The  temperature range investigated was 25 to 1200 °C.

"HSC, Barin, or estimated from 
literature

Thermodynamic data

C/H ratio     ( corresponding to different fuels and organic wastes ),

O2 content   ( corresponding to different possible gas atmospheres ),

Cl content   ( corresponding to the chlorine present in the organic part ),

Temperature ( corresponding to temperatures encountered in combustion and 
during post combustion and cooling ).
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The dioxins-furans result from the combination of
organic compounds impregnated with halogens,
i.e. fluorine, chlorine, bromine or iodine, each of
which has a specific molecular heterocyclic
structure. From 210 existing isomers, 75 are
dioxins and 135 are furans. Seventy of these
compounds are known as extremely hazardous
isomers. The most toxic and biological active
isomers are 2,3,7,8-tetra-CDD, 1,2,3,7,8-penta-
CDD, 1,2,3,6,7,8- and 1,2,3,7,8,9-hexa-CDDs.
Chemically, they are very stable, and are not
biodegradable. They have a low vapour pressure
and decompose at about 1000 °C.

Three possibilities are proposed to explain the presence of PCDD/Fs during combustion:

1. The raw materials contain these molecules, and are incompletely destroyed during combustion;
2. These molecules are formed from chlorinated precursors such as PCBs, chlorinated phenols 
     and chlorinated benzene in combustion chamber, or by reactions on the fly ash;
3. Dioxins/furans are formed via de novo synthesis in after combustion chamber.
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The degradation of organic wastes can be simplified by the following reaction:
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