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A method of metal parts recovery from waste products or semi-finished

products of electric power and electronic industries

The subject of the invention is a method of recovery of metal parts from
waste products or semi-finished products of electric power or electronic industries,
which metal parts are sealed in thermosetting and/or thermoplastic material or in a
combination of such materials.

In the electrical industry, in the processes of manufacturing various
products such as voltage or current transformers, bushings, embedded poles,
electric power cables coated with thermosetting and/or thermoplastic materials in
the form of one- or multi-layer lagging jackets, and other sub-units that contain
metal parts sealed in casings and their fillings made of thermosetting and/or
thermoplastic materials, there are produced large quantities of mixed post-
manufacturing waste plastic materials — thermoplastic polymers and thermosetting
plastics as well as waste hardened mix and certain quantities of waste in the form
of finished products that do not meet quality requirements and therefore may no
longer be used. Such waste, as well as finished products of the electric power
industry and the electronic industry that have been worn, undergo utilisation aimed
at the recovery of certain components of the utilised products in undamaged
condition. That is why a properly carried out utilisation of post-manufacturing
waste, worn electrical parts and electronic sub-units as well as metallic conductors
in thermoplastic and thermosetting lagging jackets is of great economic importance
for the manufacturers of such products. The problem of adequate utilisation of
waste products in the manufacturing of electronic products, for example during
manufacturing of printed circuit boards or other metal-containing elements, is

extensively researched and analysed.
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In both electrical and electronic waste, the following material flows can be
distinguished:

— ferromagnetic materials as internal metal parts forming cores and additional
assembly elements,

_ non-ferrous metals, of which conductors, windings and additional elements are
made,

— electrically insulating fillings and casings based on thermosetting resin mixes
(resin, curing agent, filler — most often silica flour),

— conductor lagging jackets made of thermoplastic, thermosetting materials or
their multi-layer combinations.

In most of such products, a considerable portion are internal metal parts in
the form of cores, cables, windings and smaller metal parts. These elements are
made of expensive metals such as copper, aluminium, brass and transformer
steel. That is the reason why researchers are looking for an effective method of
utilisation and recycling of such waste, which would permit not only processing of
thermosetting and/or thermoplastic waste mass, but also a concomitant recovery
of metal present in that mass, and especially the recovery of metal elements in the
form of undamaged functional internal parts. Such parts could be suitable for reuse
in the manufacturing of new products.

There is no any effective method of recovery of damaged metal parts from
that type of products. In practice, mechanical methods are employed, based
mainly on crushing and fragmentation of material encasing or wrapping the metal
parts, in order to separate out those parts from other material. Sometimes the
cryogenic method is applied prior to crushing, which includes freezing the material
to increase its brittleness to facilitate crushing.

An example of such a solution is presented in patent description USA
5,887,805. The method presented in the description, employing repeated crushing
and separation processes, allows for the separation of metal parts from parts that
do not contain valuable metals that were originally contained in electronic system
boards.

Generally speaking, a disadvantage of mechanical utilisation and recycling
methods is the risk of damage to functional metal parts, which causes that the

reuse of those parts is restricted to scrap recycling.
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That is the reason why mechanical methods are used in combination with
thermal and electrochemical methods.

Known methods of thermal utilisation of waste of all types include methods
based on burning (incineration), gasification and pyrolysis. Some of these
methods, in conjunction with other methods, are used for utilisation and recycling
of such specific materials as, for instance, thermosetting mixes. Methods based on
thermal disintegration of thermosetting material, and especially those based on
pyrolysis, are used to recover functional metal parts sealed in casings and their
filling.

From European patent description EPO 0274059 B1 there is known a
method of recycling of electric batteries, printed circuit boards and electronic
elements. That method is carried out in three stages. The first stage is realised by
pyrolysis of unsorted elements in temperature between 450 °C and 650 °C, the
second stage, by electrolysis of the post-pyrolysis solid metal residue in the
presence of borofluoric acid and its salts, and the third stage consists in the
separation and removal of the products of electrolysis collected on the electrodes.
In the pyrolysis process the gaseous pyrolysis products are separated out, and
then, having passed through a cooler and being washed in the counter-current of
5-10% borofluoric acid they are cleaned up and finally burnt. Then, the metallic
post-pyrolysis residue is washed with a water solution of borofluoric acid, filtered
prior to the electrolysis process and, when this process is finished, salts that have
crystallised in the system are strained out. Metals collected on the cathode are
then separated out by metallurgical, electrochemical or chemical methods, and the

received electrolyte is preferably returned to the battery manufacturer.

The presented solution requires the application of complicated

electrochemical treatment after the pyrolysis process.

From patent description USA 5,836,524 there is known a one-stage process
of liquefaction of solid waste from waste products containing printed circuit boards,
plastic and rubber waste, worn out cables, windings and polluted grease. The main
purpose of this process is the recovery of oil products, but it also allows for the

separation of metals from waste and the separation of ferrous and non-ferrous
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metals. The liquefaction and pyrolysis processes are run in the same vessel, which
is an inclined reactor. In the lower section of the reactor waste is liquefied in the
presence of hot oil, and in the upper section the pyrolysis process is conducted,
while solid parts of the waste material intended for treatment are moved from the
lower to the upper section inside the reactor, for example, by means of a screw
conveyor. Liquefaction is done at 200° — 400° C, and pyrolysis at 300° - 500° C.
Pressure in the reactor is preferably 0-6.8 atm. When the pyrolysis have been
completed, poliuted inorganic materials and the rest of the material in the form of
ferrous and non-ferrous metals are segregated in a separator located outside the

reactor.

The essence of the inventive method of recovery of metal parts from waste
products or semi-finished products, using the pyrolysis process for thermal
disintegration of thermosetting material consisting of resin, curing agent, filler and
any additions in the form of a flexibilizer or an accelerating agent is that in the
pyrolytic reactor there is run the process of pyrolysis of a charge containing waste
products or semi-finished products with metal elements sealed in thermosetting
material, during which process volatile phase and solid post-process residue are
produced, the volatile phase being separated into pyrolytic gas and oily
condensation liquid, and the solid residue being transported to a burn-out chamber
located in the lower part of the pyrolytic reactor or outside it. The process of
gasification of the solid post-process residue is run in the burn-out chamber, and
the obtained solid gasification residue is then burnt out to remove carbon fraction
residue. The final solid residue of the gasification and burning-out processes is
removed from the burnt-out chamber and mechanically segregated to separate
metal parts from the thermosetting material filler.

The process of thermosetting material charge pyrolysis is preferably run at
a temperature of 680-750° C.

Alternatively, the process of pyrolysis of the thermosetting material charge
is run at a temperature of 360-450° C.

The essence of the inventive method of recovery of metal parts from waste
products or semi-finished products, using the pyrolysis process for thermal
disintegration of thermoplastic material or its combination with a thermosetting
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material and a mechanical segregation process to separate metal parts from the
thermoplastic material is that in the first stage, in a pyrolytic reactor there is run the
process of pyrolysis of a charge containing waste products or semi-finished
products with metal elements sealed in the thermoplastic material, during which
process a volatile phase and a solid post-process residue are generated, and the
volatile phase is divided into pyrolitic gas and oily condensation liquid by known
methods outside the pyrolitic reactor, and the solid post-process residue is
transported by any means to a burn-out chamber located in the lower part of the
pyrolytic reactor or outside it. In the second stage, two processes are going on in
the burn-out chamber: gasification of the solid post-reaction residue and burning
out of the solid gasification remainder in order to remove the carbon fraction
residue from it, after which the final residue from the gasification and burn-out
processes is removed from the burn-out chamber. In the third stage the solid
residue from the gasification and burn-out processes is mechanically segregated.

The process of pyrolysis of a charge of thermoplastic material or its
combination with a thermosetting material is preferably run at a temperature of
360-450° C.

Alternatively, the process of pyrolysis of a charge of thermoplastic material
or its combination with a thermosetting material is run at a temperature of 680-750°
C.

In both alternative runs of the process the gasification process of the solid
post-process residue is preferably run at a temperature of 450-500° C.

In both alternative runs of the process the solid gasification residue is
preferably burnt out at a temperature of 850-900° C.

The solid gasification residue is preferably burnt out in the same burn-out
chamber, in which the gasification process is run.

Alternatively, the solid gasification residue is burnt out in an arrangement of
combined two-stage chambers.

The mechanical segregation is preferably done by means of a sieve shaker.

The burn-out chamber is preferably supplied with natural gas or a propane-
butane mixture or fuel oil and/or pyrolytic gas obtained in the same process of

recovery of metal parts.
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The oily condensate obtained in the process of segregation of the gaseous
phase of the pyrolysis process is preferably recycled in the system for metal parts
recovery from waste products or semi-finished products of the electric power and
electronic industries and is utilised to recover energy.

Preferably, energy recovery from the oily condensate consists in supplying
this condensate to the pyrolytic reactor and/or superheater or to the burn-out
chamber or a combustion chamber.

The presented solution consists of thermal disintegration of the
thermosetting or thermoplastic material or a combination of these two materials in
the processes of pyrolysis, gasification or burning out of the said waste and the
solid post-process residue. The products of so compiled utilisation process are

pyrolytic gas, oily condensate and solid post-process residue and metal parts.

The main advantage of the inventive method is the possibility of recovery of
expensive functional metal parts whole, without mechanical damage preventing
their reuse.

The introduction of a superheater into the system and recirculation of the
oily condensate allows for an increase in the total thermal efficiency of the system
and ensures an effective running of the pyrolysis process in temperatures below
600 °C.

An additional advantage of the inventive method with respect to
thermosetting materials is the possibility of recovery of filler, which sometimes

constitutes more than 60% of the thermosetting mix.

The inventive method is explicated based on its embodiment and illustrated
by a drawing where fig. 1 shows a simplified diagram of the installation for running
the process, especially for the recovery of metal parts from waste products made
of thermosetting materials, and fig. 2 shows a developed diagram of the
installation for the recovery of metal parts from waste products made of

thermoplastic materials or their combinations with thermosetting materials.

The installation for running the inventive process of recovery of metal parts

from waste products or semi-finished products, which are placed in elements of
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casings, made by sealing metal parts in thermosetting mixes or metal conductors
in thermosetting or thermoplastic lagging jackets contains a classic pyrolytic
reactor 1 operating in vertical or horizontal arrangement, which is not shown in the
drawing, inside which charge 2, being the waste material intended for processing,
is placed. The charge is fed into the reactor chamber by means of known
equipment, not shown in the drawing. The upper part of the reactor 1 is connected
via a valve 3 by suitable conduits 4, intended for conveying pyrolytic gas, with a
gas purification system containing a cooler 5, a condenser 6 and a cyclone 7, and
optionally, as shown in fig. 2 a superheater 20. The lower part of the reactor 1 is
connected with a burn-out chamber 10 by means of a suitable chute device 8,
which can also serve as, for example, a sealing closure for the reactor 1 chamber
at the bottom and a dosing feeder in the form of a cell feeder, and by means of a
feeding belt or screw 9. This chamber may be a part of the pyrolytic reactor, which
is not shown in the drawing. In such case the chute device is installed directly in
the pyrolytic reactor 1. The burn-out chamber 10 can be made as a system of two-
stage interconnected chambers, which is not shown in the drawing. Two
processes take place in this chamber, namely the process of gasification of the
solid post-process residue produced in the pyrolysis process and the process of
burning out the solid post-process residue of the gasification process. The burn-
out chamber 10 is supplied with natural gas or a propane-butane mixture or fuel
oil, through a burner system 11, and it is furnished with conduits 12 evacuating
post-process gases produced during oxidation of the carbon fraction that has not
reacted in the pyrolytic reactor 1. Supplying the burn-out chamber 10 with
propane-butane mixture or fuel oil is especially advantageous when a portable or
mobile installation is used to run the process. Such an installation can be placed
on the platform of any motor vehicle. The burn-out chamber 10 is connected,
through a belt conveyor 13 or a feeding screw used to transport the final solid
residue of the gasification and burn-out processes, with a separating device in the
form of a shaker 14, where, on the sieves of that shaker, filler and metal internal
parts are separated. After purification, pyrolytic gases are subjected fo the
combustion process in a combustion chamber 15 located outside the reactor and
connected with it by conduits for pyrolytic gas transport 16. These gases can be
conveyed through conduits 17 to the burn-out chamber 10, where their combustion

energy can be used as an additional source of energy. Oily condensate separated
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8
in the gas purification system 5, 8, 7 is supplied through evacuation conduits 18 to
a condensate tank 19 and from there to the pyrolytic reactor 1 and/or a

superheater 20, and also to the combustion chamber 15 or the burn-out chamber
10.

In an experiment, charge 2 consisted of damaged current transformers
whose casings were made from a material based on a thermosetting mix of
araldyte resin CY 225 made by the Swiss company Vantico. This charge, whose
mass was 4390 g, was subjected to the pyrolysis process in the pyrolytic reactor 1,
at a temperature of 750 °C for a time of 3 hours. As a result of such a process
3960 g of solid post-process residue was obtained, which was then subjected to
the gasification process in the burn-out chamber at a temperature of 475 OC for a
period of 2 hours, and then, in the same chamber, it was subjected to the burn-out
process at a temperature of 875 9C and for a period of 0.5 hour. As a result of the
gasification and burning 3930 g of solid residue was obtained, which was then
subjected to vibrations on a sieve of 3 mm mesh for a time of 3 minutes. In this
way 2740 g of a finished metal element of a current transformer suitable for reuse
as a magnetic core was recovered, 590 g of copper winding was gained and 600 g

of filler powder that had been a component of thermosetting mix was recovered.

Instead of current transformers used in the presented experiment other
waste products of the power electric or electronic industries can be used, and in
particular waste or worn out power cables in lagging jackets made of thermosetting

or thermoplastic materials or their combinations.
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Patent claims

. A method of recovery of metal parts from waste products or semi-

finished products of electric power and electronic industries, using
the pyrolysis process for thermal disintegration of thermosetting
materials consisting of resin, curing agent and any additions in the
form of a flexibilizer or an accelerating agent, characterised in that
the process of pyrolysis of a charge containing waste products or
semi-finished products with metal elements sealed in thermosetting
material is run in a pyrolytic reactor, in which process a volatile
phase and a solid post-process residue are produced, the volatile
phase being divided into pyrolytic gas and oily condensate, and the
solid post-process residue being transported by any means to a
burn-out chamber located in the lower part of the pyrolytic reactor or
outside it, after which the process of gasification of the solid post-
process residue is run in the burn-out chamber, and the obtained
solid gasification residue is then burnt out in order to remove carbon
fraction residue from it, whereupon the final solid residue of the
gasification and burn-out processes is removed from the burn-out
chamber and segregated mechanically to separate metal parts from
the filler of the thermosetting material.

. A method according to claim 1, characterised in that the charge

pyrolysis process is run at a temperature of 680-750 oC.
A method according to claim 1, characterised in that the charge

pyrolysis process is run at a temperature of 360-450° C.
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3. A method of metal parts recovery from waste products or semi-

finished products of electric power and electronic industries, using
the pyrolysis process for thermal disintegration of thermosetting
and/or thermoplastic material and a mechanical segregation process
for separating metal parts from thermosetting and/or thermoplastic
material, characterised in that, in the first stage, the process of
pyrolysis of a charge containing waste products or semi-finished
products with metal elements sealed in thermosetting and/or
thermoplastic material is run in a pyrolytic reactor, during which
process a volatile phase and a solid post-process residue are
produced, the volatile phase being divided into pyrolytic gas and oily
condensate by known methods outside the pyrolytic reactor, and the
solid post-process residue being transported by any means to a
burn-out chamber located in the lower part of the pyrolytic reactor or
outside it, and in the second stage, in the burn-out chamber two
processes are going on, namely gasification of the solid post-reaction
residue and burning out of the solid gasification residue in order to
remove carbon fraction residue from it, after which the final residue
of the gasification and burn-out processes is removed from the burn-
out chamber, and in the third stage this solid residue is mechanically
segregated.

A method according to claim 4, characterised in that the process of
the charge pyrolysis is run at a temperature of 360-450 °C.

A method according to claim 4, characterised in that process of the
charge pyrolysis is run at a temperature of 680-750 oC.

A method according to claim 1 or 4, characterised in that the
process of gasification of the solid post-process residue is run at a
temperature of 450-500 °C.

A method according to claim 1 or 4, characterised in that the solid
gasification residue is burnt out at a temperature of 850-900 °C.

A method according to claim 1 or 4, characterised in that the solid
gasification residue is burnt out in the same burn-out chamber in

which the gasification process is run.
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9. A method according to claim 1 or 4 characterised in that the solid
gasification residue is burnt out in a system of interconnected two-
stage chambers.

10.A method according to claim 1 or 4, characterised in that the
mechanical segregation is made by means of a vibrating sieve.

11.A method according to claim 1 or 4, characterised in that the burn-
out chamber is supplied with natural gas or fuel oil and/or pyrolytic
gas obtained in the same process of metal parts recovery.

12.A method according to claim 1 or 4, characterised in that oily
condensate obtained in the process of dividing the gaseous phase of
the pyrolysis process is recycled in the system for the recovery of
metal parts from waste products or semi-finished products of electric
power and electronic industries and is utilised to recover energy.

13.A method according to claim 13, characterised in that the energy-
recovering utilisation of the oily condensate consists of feeding this
condensate from a tank (19) to a pyrolytic reactor (1) and/or
superheater (20).

14.A method according to claim 13, characterised in that the energy-
recovering utilisation of the oily condensate consists in feeding this
condensate from the tank (19) to a burn-out chamber (10).

15.A method according to claim 13, characterised in that the energy-
recovering utilisation of the oily condensate consists in feeding this

condensate from the tank (19) to a combustion chamber (15).
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A method of recovery of metal parts from waste products or semi-finished
products of the electric power and electronic industries”

Key to the drawing
pyrolytic reactor
charge
valve
conduit for pyrolytic gas transport
cooler
condenser
cyclone

chute device
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feeding belt or screw

10. burn-out chamber

11. natural gas burner system

12. conduits for evacuation of process gases

13.belt conveyor

14.shaker J

15. pyrolytic gas combustion chamber

16. conduits supplying pyrolytic gas to the combustion chamber
17.conduits supplying pyrolytic gas to the burn-out chamber
18. conduits evacuating oily condensate

19.condensate tank.

20.superheater
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