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Collection

= Old electronic devices are collected locally
= Unlike houshold waste materials they are not picked up directly at home
= Collection systems provide the first chance to separate waste streams
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Dismantling and shredding

= Dismantling is always the first step in processing larger pieces
- Larger building blocks can be separated
- Assortation for the steps to follow
- Exclusion of toxins etc. possible

= The large pieces from the dismantling process are broken down to a
smaller size by shredding
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Shredding
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1. Querstromzerspaner QZ

Eintrags-
schleuse

Austrags-
schleuse
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Kessel

Bewegungsbahnen
der Aufgabeteile

Beschleunigungselement:
Antriebskopf
Ketten

Antriebsmotor
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Keystep: Separation of different grain sizes (sieving)

= Standardization of grain size is of crucial importance for the processes to
follow

Gemisch Grobfraktion Feinfraktion
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Types of sieves

1. Festes Sieb 2. Schwingsieb mit drei
oder Rost Siebdecks

Siebgut-Aufgabe Siebgut-Aufgabe Antrieb

+i'_, Siebgut-Aufgabe

3. Trommelsieb

Siebgut Siebgewebe  Feingut Grobgut

Feingut Grobgut Feingut  Mittelgut Grobgut
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Separation in the gravitation field

" Particles are devided by their sinking/floating behaviour in fluids (air,
water, etc.)

- 1. Zick-Zack-Sichter 2. Querstromsichter
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Separation in magnetic fields

= A magnet is used to pick ferromagnetic materials from the waste stream
" j.e. low alloyed steel, Cr-steel, Ni-Cu-alloys (> 65% Ni), cast iron

1. Trommelscheider 2. Uberbandscheider
Aushebemagnet
Aufgabe Foérderband

Magnet
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r 1 1 Unteres

magnet. unmagnet.  magnet.  orderband mit
Material Material Material  Aufgabematerial
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Separation in electromagnetic fields

= Eddy-current separators separaty by the conductivity/density ratio
= Basicly conductors are separated from non-conductors
" Grain sizes > 5mm needed
= Absence of ferromagnetic materials is necessary
= Electromagnetic field is induced in conductive grains
- Repulsion of this material
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Other separation techniques
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What happened until now?

= Collection systems provide a first separation step

= Dismantling and exctraction of toxic materials are important for further
processing

= Shredders and mills are used to break different materials appart

" The particles have to be assorted by their grain size (sieving) to make
further separation techniques possible

= Separation steps use differences in
- Density
- Magnetism
- Conductivity
- Optical properties
- Geometrical properties
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What's next?

= After sorting the waste particles into fractions of higher content of
different kind of metals

- Pyrometallurgical processes or
- Hydrometallurgical processes follow
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Further treatment of copper — pyrometallurgical approach

= Copper containing waste is introduced
into a furnace to

- Homogenization of the metal
p h a S e Koks, Lanze fiir Ol/Gas

Kalk, Sand, und Sauerstoff
- Concentration of valuable metals .
in the molten phase
s N | s
- Formation of cinders (FeO-silicate)
- Collection of dust with ZnO, PbO P 4—

- Treatment of exhaust gases (CO,,
hydrocarbons, SO,, HCI) Winddsen

Kihlkésten

Schachtofen ‘ Badschmelz-Reaktor

@ O oede0

= Copper from this processes consists
typically of 75% Cu, 6% Sn, 5% Fe, 3%
Ni, 5% Zn, 4% Pb

" Electro-furnaces can be used as well
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Converter process

= Selective oxidation
= Extraction of Sn, Pb, Fe, Zn, Al
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= Ni and RE-metals remain in the molten copper

" 95 - 98 % copper content

Kippbarer Trommelkonverter

Abgas,
Flug-
staub

Ofenraum

Keramische
Ausmauerung

Schmelzbad Luftdiisen
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Kippbarer Rotationskonverter (TBRC)

Absaughaube O,

Schmelz- und

Keramische Reaktionsraum

Ausmauerung

Antriebskranz

Ofen-

Mantel
Brennerlanze

TBRC in Arbeitsposition
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Electrolytical refining

" Requires 99 — 99,5 % copper content
" Qutcome: 99,98% Cu

Stahlkathoden (-)

Kupferanoden (+), mit abgeschiedenem reinen Kupfer

verunreinigt

Elektrolyse-
wanne

Elektrolyt
(CuS04,H2S04)

Normal- Pt Au Ag H Pb Sa Ni Fe Zn
Potential (V): | +1,6 +14 +0,81 0 -0,13 -0,14 -0,25 -0.44 -0,76
Elektro- Elektrochemisch Elektrochemisch 16slich.
chemischer unlislich. Keine Abscheidung vor dem
Effekt: Kupfer und dadurch

Anreicherung dieser Metalle im
Elektrolyt.
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Further treatment of copper — hydrometallurgical approach

= Only usefull if copper content is rather low

= Leaching
- with ammoniumcarbonate/ammonia (Cu and Ni)
- with iron(lll)sulphate (not very selective)
- with sulfuric acid (not very selective)

= Copper recovery from aqueous solutions
- Electolytic precipitation (reduction) — requires > 15 g/L Cu
- Cementation with metallic iron (not very selective, 60 — 90% Cu)

- Thermal decomposition of Cu-tetramincomplex (regeneration of
ammonia)

- Precipitation as hydroxide or sulfide (both less favoured)
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Limitations of recycling
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= Economical, ecological, thermodynamical

dkologischer Aufwand, Ertrag, Gewinn
Umweltbelastungspunkte UBP

f

-
100
Ruckgewinnungsgrad Wertstoffe %
. mkaxllma_llerr] . okologischer okologischer
© O?QBC er Aufwand Erlds
Gewinn

Gewinn = Erl6s - Aufwand
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Kosten, Erlése, Gewinne

EUR
A
100
Ruckgewinnungsgrad Wertstoffe %
maximaler
= Wirtschaftlicher = Kosten = Erlos
Gewinn

Gewinn = Erlés - Kosten
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Thank you for your find attention
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Treatment of cables and wires

Abluft Staub-

Magnetscheider Schlagermihle

Press- 2. Schneid- \ Luft-

Shredder 1. Schneld- luft mihle trennsieb

muhle

PVC u. a.

Isolation
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