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1.
Process Description

1.1
Introduction

Large quantities of the electronic scrap at present deposited on garbage dumps consist of materials that could be reintegrated into the raw material cycle by means of recycling process.

The government regulations for electronic scrap which are discussed today request to separate electronic equipment scrap from other waste on local waste disposals. In doing so, the components of the used equipment are to the largest extent possible recycled and the remaining parts – harmful substances which cannot be recycled – are to be deposited on a special pit.

For this type of material we offer an individually adjusted and adequate recycling process which in connection with a manual pre-treatment guarantees an optimum utilization. This helps on the one hand to reintroduce valuable material into the economic cycle and on the other, to clearly reduce the scrap quantity to be dumped.

This process transforms the metal parts of electronic scrap to a large exent into marketable concentrates.

From this process residual products result which consist of powdery to granular mixtures of most different types of plastic interspersed with ceramic and metallic residues of varying compositions. According to the present state-of-the art these residual products cannot be used as a raw material, since the plastics mostly contain considerable quantities of brominated flame protection compounds. However, this process crushes this material and liberates it from disturbing side components to an extent that it could be introduced as a homogenzid and defined basis material into thermal treatment processes such as hydrogenation, pyrolysis, gasification or combustion, which lead to a clear reduction of volume and a comprehensive destruction of harmful substances. In addition, this means that part of materials recycled are turned into raw materials. However, the generation of a plastic fracture than can be used as a raw material would require that no thermoplastic plastics with flame production are fed. In addition, this would call for further procedures adapted to the individual requirements.

1.2
Operational concept

The complete recycling plant consists of several crushing and sorting processes which are linked by conveyors.

The feed must be presorted, in order minimize the material processing operation as well as to achieve an optimum value-added from the products obtained. This requires that the material is dry, when it is fed into the recycling plant.

The multi-stage size reduction which can be adjusted to the material to be processed will crush the material into a determined grain size, in order to break up metal parts, i.e. to free them from foreign matters so that they can be extracted from the bulk through downstream separation plants. This process avoids an excessive heating of particually coarse – i.e. clearly bigger – parts than the individual grating aperture of the comminution machine. This minimizes the energy consumption of the crushing process as well as the wearing of crushing tools.

After each crushing stage the particularly strongly compacted and heavy metal parts of the grinding stock are separated by a sorting plant and further processed into end products instead of being discharged into silos or the like together with other mixed fractures. This minimizes the danger of plastic caking and carbonization. Since wire is eliminated at the same time from the heavy material to be sorted, separation is easier and the quality of end products is improved.

In the individual separation stages, various pneumatic, magnetic and electrostatic separation processes are used and adjusted to the individual charge, in order to obtain optimum results.

Taking certain parameters into account, the small plant can be expanded and easily be transformed into a plant with a capacity of 2,5 t/h, which is able process the entire spectrum of electronic scrap including also coarse metal parts.

1.3
Pre crushing stage

The electronic scrap (ES) which was dismounted and mostly feed from harmful substances (batteries, PCB condensers, Be containing components etc.) and sorted according to product groups will be put on to the feeding coneyor (H1.1) and transported to a knife disintegrator (Z1.1). The rasper reduces the material in size so that it can be filled easily into the downstream hammer mill which is relatively small. Since relatively small hammer mills are required, coarse material cannot be processed in a failure-proof operation. The rasper breaks up a lot of metalic material so that a subsequent magnetic separation

process results into marketable product qualtities. Even if the rasper is protected against overload, the material should not include metals parts, that are bigger than those contained in a TV chassis.

The disintigrated material from the rasper is discharged through a sieve (sieve size 30 mm) into an encapsulated vibrating chute (H1.2), which charges the disintigrated material directly into a connected zigzag sifter (F1.2) to separate the input into 2 fractions.

The resulting fraction:

-
ZZS
heavy fraction and

-
ZZS
light fraction

are separatly processed. The quality of the classification can be adjusted by means of an air addition slide valve (X1.1 and X1.6). The heavy fraction is discharged via cellular wheel sluice (X1.2) on a belt conveyor (H1.3) which transports the material into a box for the next processing stage.

The dispersible ZZS light fraction is then fed into a multiconesifter where the light and fine material is dedusted by addition of air via the airflow regulator gates (X1.7 – 1.8). The dedusted material is discharged via the cellular wheel sluice (X1.3). The separated dust and foils are sucked through the ventilator (V1.1), separated in the vibrating filter (F1.3) and discharged via the cellular wheel sluice (X.4) into a bigbagfilling device. 

1.4
Hammermill crushing stage

The hammermill is designed to break down precrushed and presorted plastic/metal composites to a degree that the resulting milled material mix can be separated in subsequent treatment processes into marketable concentrates of valuable substances and residual fractions to be disposed of.

The feed material is fed into the feed hopper (B2.1). From there the material is withdrawn by means of a variable belt feeder (H2.1) and fed to the mill feeding belt conveyer (H2.2). The discharge paddle (X2.1) provides a more constant material discharge at the discharge edge of the belt conveyor.

An overbeltmagnetic-separator (F2.1) separates a magnetic iron fraction (2.1) and protects the hammermill against coarse magnetic iron pieces.

The belt conveyor feeds the material into the encapsulated feed chute (H2.3), which charges it to the hammer mill (Z2.1). This procedure allows an almost complete encapsulation of the critical material feed into the hammer mill. It also eliminates the fire hazard for the feeding conveyor, caused by incandescent sputtered particles from the hammer mill. 

An SPC prevents the mill from overcharging. 

The hammer mill is installed inside a walk-in sound-absorbing cabin, thereby reducing the noise emissions to the permissible level. The two mill openings can be opened by means of a hydraulic opening mechanism (P2.1). A safety locking (S1 and S2) prevents the mill from being opened before the two drive motors (M5 and M6) have come to a complete standstill. 

In the 2-rotor hammer mill, the metal parts of the composite material are mostly broken down, compacted and conglobated due to the impact on the grinding track. Due to the extreme mechanical stress the metal parts are sub-

jected to, they heat up and possibly melt together with the existing plastic particles. To prevent this from happening, the milled material is discharged onto an encapsulated conveyor through (H2.4), which conveys the milled material directly into a connected zigzag sifter (F2.2) for separation into 2 fractions. 

The resulting fractions

-
ZZS heavy fraction and

-
ZZS light fraction

are separately processed. The quality of the classification can be adjusted by means of an air addition slide valve (X2.6). The ZZS heavy fraction is discharged via a cellular wheel sluice (X2.2).

The dispersible ZZS light fraction is then fed into a multiconesifter where the light and fine material is dedusted by addition of air via the airflow regulator gates (X2.7 – 2.8). The dedusted material is discharged via the cellular wheel sluice (X2.3) into a bigbagfilling device. The separated dust and foils are sucked into a cyclone separator (F2.5). There, a large part of the foil, fluff and fine dust precipitates to be discharged via the cellular wheel sluice (X2.4) and filled in big bags (2.7) via the tubular screw conveyor (H2.6) and the change-over damper (X2.6). This preseparation of such materials prior to the actual filter system is necessary to prevent clogging. The fine dedusting of the airflow finally occurs in the filter (F2.6). The filter material is discharged via a sluice (X2.5) into a big bag (2.5) to be disposed of.

The cleaned outlet air is blown outside by means of a ventilator (V2.1) and a deflector hood. By means of a pipe throttle valve (X2.9), the ventilator power can be adjusted to the individual requirements.

The heavy fraction separated by the zigzag sifter is discharged via the discharge sluice (X2.2). Apart from coarser plastic particles, it contains sometimes heavily conglobated metal parts, which can be separated applying different separation techniques. The quality of the heavy fraction can be adjusted to the particular requirements via the ventilator power and via the air registers (X2.6) at the ZZS (F2.2) or at the ventilator (V2.1).

The heavy fraction is discharged to the distributing chute (H2.5), flatly distributed, cooled and conveyed to a drum magnet (F2.3). 

The magnetic Fe-particles are drawn out and dropped into a storage box (2.2) via a chute. 

The nonmagnetic heavy fraction is discharged onto a belt conveyor (H2.7) and fed to the screening machine (F2.7). There, the material is separated into 3 fractions and discharged into boxes (2.3 – 2.5).  The boxes can easily be 

exchange during operation via the discharge boxes (B2.2 – 2.4) with flaps (X2.10 – 2.12). The individual fractions are fed separately to the subsequent metal separation.

1.5 Airjig separation stage

The air jig separation stage is needed for separating particles with a large density from particles with a low density. The conditon for a good separation is that the particles are similar in grain size and grain shape.

So it is possible to separate metalls and plastics from each other, because in the hammermill crushing stage the particles get a similar grain shape and the      machine produces close size fraction.

The collected size fractions from the hammermill crushing stage are charged by fork lift truck into the feeding hopper (B5.1). Via a feeding vibrating chute (H5.1) the material is discharged on a belt conveyor (H5.2) and fed into an airjig (F5.1) where the massive nonferrous metal parts are separated as purified heavy material. The heavy and the light material fraction are discharged  in collecting boxes.

The separated dust and foils are sucked through the ventilator (V5.1), separated in the vibrating filter (F5.2) and discharged via the cellular wheel sluice (X.5.1) into a bigbagfilling device.

1.6
Electrostatic separation stage

During the fine crushing of the printed circuits and connectors reasonable amounts of fine metallic particles are produced which cannot be separated by the airtable separation stage because these particles are too light.

These particles can be separated in a electrostatic separator, specially a corona roller separator.

During the corona separation the material fed onto a rotating roller is sprayed with electrical charges by means of the high-tension corona electrode. Conducting particles, such as most metals are, can immediately pass on these 

charges to the grounded roller. This means that their dropping from the roller is not or not decisively affected. However, nonconducting particles cannot or only slowly pass the charges on to the roller. This means that on the particles 

an electrostratic field can from, which induces an opposing field on the roller surface. Since these fields attract eachother, the nonconducting particles break away either later or not at all and have to be brushed off mechanically from the roller surface. This depends on the difference between tht resulting electrostatic adhesive power and the centrifugal force caused by the roller speed.

For an efficient separation an even feeding of a monolayer is indispensable. For each fructure and separation operation the optimum roller speed, the sparking distance and angle have to be regulated. The potential difference between electrodes amount to 30 kV and is infinitely variable.

ESTA separation can be used for grainy products with a density of 1-3 g/cm3, in a grain size of 0,1 to 3 mm. Platelike plastics can be separated in grains of up to 5 mm.

The following product defintions apply.

C
fracture
=
conductor fracture

SC
fracture
=
semiconductor fracture

NC
fracture
=
nonconductor fracture

From the collecting silos located on ground level (B6.1) the material is tranported by means of a silo feeding screw (H6.1) into a feeding funnel (B6.2) of the ESTA separator (F6.1). From the feeding funnel the material is transported by means of a variable vibrating feeder to the first separation stage of the ESTA-separator. An electronic filling device prevents the feeding funnel from overloading and complete emptying.

Specially the fine feeding material continous few amounts of dust which injure the working of the separator by voltage puncture. Therefore the separator is dedusted by the ventilator (V6.1) and the dust is separated in the filter (F6.2).

In the first separation stage the input is fed onto 2 rollers which produces a clean (fracture which consists of a mix copper/aluminium concentrates (6.1) with variable amounts of precious metalls.

The NC fracture is discharged via screw conveyor (H6.4) in the container (6.4). The SC fracture is fed onto the vibrator chute (H6.3) which transports the material to a third roller where a second C fracture is separated and discharged in a container (6.1). The resulting SC fracture and the NC fracture are discharged via the screw conveyor (H6.5 – 6.6) in the container (6.2 – 6.3).

