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Down Stream Processing
Once scrap has been shredded and is being conveyed away from the shredder, it must be processed downstream, and for the purpose of this presentation, this means everything that happens to the scrap after it has been shredded.  The material leaving the shredder consists of everything that went into the shredder but it is now in small pieces and is completely mixed together.  
Typically, the ferrous content of this mixture will be about 70% to 80% and the waste material and non ferrous metals make up the balance.  If it is an automobile that has been shredded, about 72% of the material will be ferrous material. Around 4% to 5% will be aluminum, copper, zinc, brass, and stainless steel. The balance will be shredded material consisting of plastic, upholstery, seats, head liners, glass, rubber tires, and dirt and misc. materials (some of which we may well wish were not there).
What is the most effective method of separating the various components?  
In use around the world, there are a number of alternative systems working.  There are single line systems, split line systems, double split line systems, there are wet systems, dry systems, damp systems, closed loop air systems, zero discharge air systems, magnetic separation systems, irony copper concentration systems, hand sorting systems, sensor sorting systems, gamma ray detection systems, eddy current separation systems, sensor sort with air blast tube systems and probably some that have not yet come to general attention.  
With all of these alternatives, how does an operator make an informed decision?

Separation Philosophy 
The equipment must be selected and designed to handle the amount of scrap being shredded, the type of scrap material being handled, the type of product being produced and the environmental factors such as weather, temperature, local regulations, etc.
The separation equipment designed must be capable of handling the steel scrap, the nonferrous metal and waste material generated by a shredding plant, processing that scrap at maximum capacity, as expressed in tons per hour of shredded steel scrap, with allowance for surges (typically double the rated tons per hour).   For example, if the plant is rated for 100 tons per hour, the downstream equipment is typically designed to handle surges of 200 tons per hour.
The down stream equipment must produce a clean shredded steel scrap, which normally means meeting the ISRI Standards 210/211, which requires clean scrap to a specific density.
ISRI 210  Shredded Scrap.  Homogeneous iron and steel scrap, magnetically separated, originating from automobiles, unprepared #1 and #2 steel, miscellaneous baling and steel scrap. Average density 50 pounds per cubic foot.

ISRI 211.  Shredded Scrap.  Homogeneous iron and steel scrap, magnetically separated, originating from automobiles, unprepared #1 and #2 steel, miscellaneous baling and steel scrap. Average density 70 pounds per cubic foot.

The down stream equipment must also treat the non ferrous and waste material stream at sufficient throughput rates to produce the desired products with a minimum loss of valuable metals.
Design Criteria

The best separation will be made when the material to be separated is in discrete particles-- that is, the particles will be one piece deep and will have space all around them.  This is not always practical but the design should attempt to provide as discrete of particles as possible.  In thinking about discrete particles, one can say that “Thin is In.” The thinner the product stream the better chance there is of an effective separation.
The separation system should include all of the equipment necessary to do the job, but should not include anything unnecessary both for reasons of initial investment and for avoiding operating costs.

Air used in the system should be recycled, so that less air is discharged to atmosphere.

Water used in the system should be minimized and any excess water should be recycled, so that less water is consumed in the operation and no disposal problem will arise.

The tramp steel that has bypassed the original magnetic separation should be recovered and, if possible, put back into the shredded steel scrap line of conveyors without additional handling.  The rule of thumb is that every magnetic separation will lose about 2% of the steel being separated.  If there is a double magnetic separation system working, then 4% of the steel scrap will go to the waste line.  That is why it is important to have a “tramp steel” recovery system.
The system should work with a minimum of personnel required both for operation and for maintenance.

The system should be sized to handle the expected amount of material from the shredding system and should be prepared to handle surges of a magnitude of at least 2.

If an error in separation results in a contrary, the error should be made on the side of having too much trash in the nonferrous metal product rather than having too much metal in the waste material product.

The most important emphasis is the recognition that discrete particles separate better.  There are two ways to make things more discrete -- to 'thin out' the material by widening all material handling equipment, and by making them move faster -- in other words, Wider and Faster.

With this design criteria in mind, it will be instructive to examine traditional methods of separation and to attempt to find areas where improvements can be made. 

If it is correct that discrete particles separate better, then it is a mistake to transport shredded material with a conveyor moving 250 feet per minute (1.25 meters per second) and to transfer that shredded material to a magnet feeding conveyor of the horizontal oscillation type which can move material only about 25 feet per minute (.125 meters per second).  When that happens the material piles higher than it was on the rubber belt, making the magnetic separation more difficult.  This is an example of “Fat is Where It is At.”
We believe the best method to feed scrap to a magnet is from a rubber belt conveyor traveling 250 feet per minute (1.25 meters per second) up to 400 feet/minute (2 meters per second).  The belt should be as wide as the magnetic field and, when possible, should be fitted with popping idlers just ahead of the magnet in order to spread the material even more.  An alternative feed arrangement is a steeply declined vibrator conveyor that can move material at the same type of velocities mentioned.  The important thing is to remember Thin Is In, Wider and Faster.  This will feed material to the magnet in as discrete of a manner as possible.

The standard for the industry originally was 2 or 3 pole magnetic drums where the magnetic fields drew the scrap to the center of the drum and held it there.  The newer design provides for a magnetic drum with an even magnetic field across the entire face of the drum, with alternating poles so that the magnetic pieces stick to the drum across the entire width of the magnet one piece deep (providing the drum has been properly sized and properly fed).  The one-piece-deep material then flips over as it passes through the alternating magnetic fields, which gives another chance to make a separation.

When the “Thin Is In” design philosophy is applied to air separation systems, we found some of the same problems.  Most of our friends in the shredding business are operating plants that have been installed for a number of years, and most of them now process much more scrap per hour than the original planned capacity.  The result is that the conveyors and air classifiers are generally too narrow and are not as efficient as the new wider designs. 

With a zigzag air classifier we suggest feeding from a rapidly moving wide feed belt into a wide chamber.  The initial separation is made immediately just as the shredded product leaves the transfer conveyor, while the material is wide and fast and, therefore, thin.  In some new separation systems, the zig zag or Z Box is positioned directly at the discharge from a magnetic drum, which provides a thin stream of material to be subjected to the air separation.
Thin Is In is good to remember when considering a change to a present separation system or when designing a new installation.  This has been tried in many different ways and for sure -- thin is better.  The relatively small investment required to do it correctly by widening things out and making them go faster, will pay for itself very quickly through a more efficient operation.
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