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The invention relates to a method for continuous recovery of, for example, rubber through pyrolysis. The pyrolysis pro-
ducts such as gas or oil are burnt and fed to the raw material counter-current in a last step before the feeding into the pyrolysis for
expelling of oxygen and preheating of the material. The invention also comprises an arrangement for performing the method
which includes an elongated pyrolysis chamber (5) having feeding devices (23) for the material intended for being pyrolysed,
whereby the feeding device comprises a vertical silo (1), a hauling and/or preheating device (2) having an inerting zone (3) run-
ning from the underside of the silo (1) and terminating in a shaft-shaped dropping device (12) for the material into the chamber
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WO 94/10507

PCT/SE93/00897

TITLE:

Method for continuous recovery of,for example,rubber and

plant for the performance of the method.

TECHNICAL FIELD:

The present invention relates to a method and an arrange-

ment for recovery of, for example rubber which mainly

originates from worn out car tyres.

PRIOR ART:

It is earlier known to recover rubber and the 1like by
pyrolysis. Pyrolysis means that the material in question is
heated without admission of air or oxygen so that it is
decomposed in gaseous, liquid or solid substances. The most
important material to be decomposed by pyrolysis is rubber,
mainly in the form of worn out rubber tyres from cars.

It has earlier been usual to carry out these pyrolysis
methods batch-wise which means that finely cut rubber parts
which may have been mixed with oil are fed into a pyrolysis
chamber which has been closed, inertized, that means that
air removed by introducing inert gas, for example nitrogen,
and then pyrolysed by heating for a sufficiently 1long
period whereby gas, oil and pyrolysis residues consisting
mainly of carbon which afterwards is ground to for example
carbon black are collected. After the pyrolysis, it has
been necessary to open the furnace, take out solid

material, add new material, close the chamber and so on.
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Attempts have also been made during recent years to make
this pyrolysis continuous by performing it on an endless
conveyor in an elongated pyrolysis chamber, removing gas
and oil along the chamber and passing the solid material
through a lock at the end of the chamber. To feed the
material intended for pyrolysis a lock-like device is
arranged which, however, due to the locking in is made
batch-wise. Such a method and such an arrangement is

described in the American patent 4 900 401.

TECHNICAL PROBLEM:

Though the pyrolysis itself in the above said methods has
been possible to be implemented without too much problem,
none of the known methods has, however, been satisfactory.
The batch-wise methods firstly require manual labour force,
they are slow, they give a low yield of gas and oil, they
require a lot of energy due to the fact that so much energy
is lost through opening and closing of the chambers and
they are consequently very uneconomic. What is possibly
still worse is that this batch-wise system leads to very
strong pollution of mainly the air and they are therefore

not desirable for environmental reasons.

The earlier known continuous method is also uneconomic and
only semi-continuous in that the locking in of the material
has to be carried out batch-wise. The method is also
uneconomic because of the square-shape of the chamber and

poor flowing off of the oil. It is therefore easily clogged

and it has shown to be very troublesome.

It has therefore long been a desire to be able to bring
about a method and a plant for pyrolysis of primarily
rubber residues which method should be economic and

environmental friendly whilst give a good yield of the
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substances recovered from the pyrolysis, which substances
also should have such a degree of purity and consistency
that they could be reused in different applications. The
environmental aspect at this method and plant should be of

utmost importance.

THE SOLUTION:

According to the present invention one has been able to
solve the problems with the above mentioned known methods
and arrangements and also been able to meet the demands put
on them by bringing about a method for continuous recovery
of, for example, rubber by pyrolysis in a continuous
pyrolysis chamber, which method is characterized in that
pyrolysis products such as gas or oil are burnt and
thereafter fed back to the raw material in counter-current
in a last step before the introduction into the pyrolysis
chamber for removal of oxygen, so-called inerting and

preheating of the raw materials.

According to the invention the used exhaust gases after the

inerting and preheating are recycled to the furnace.

In accordance with the incention, the pyrolysis for rubber
should occur at a temperature of 250-800°C, preferably at
about 700°C and possibly have a heating zone of about 800°
to 2.400°C at the start of the pyrolysis process. The

heating should occur continuously.

The sediments obtained through the pyrolysis and which are
recovered from the oil are, according to the invention,

reintroduced into the pyrolysis process.

The invention also comprises an arrangement for continuous
recovery of, for example, rubber through pyrolysis,

comprising an elongated pyrolysis chamber having conveying
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means for the material intended for pyrolysis, feeding
arrangements for the material and feeding out arrangements
for gas, oil and solids, which arrangement is characterized
in that the feeding arrangement comprises one or more
vertical silos having a conical lower part for the
material, a hauling and/or preheating device running from
the underside of the siles and terminating in a shaft-

shaped discharging device for the material into the

chamber.

According to the invention the discharging device should
comprise a funnel shaped container having an opening in the
bottom and a feeding screw for feeding down the material
towards the bottom hole. This bottom hole should be
provided with a rotating cutting knife. The feeding screw
and the cutting knife should rotate in opposite directions
for controlling of the feeding velocity and the fineness.
The cutting knife, which rotates against a perforated disc,

should be cooled.

Below the bottom hole in the discharging device a first
heat-isolated pyrolysis reactor having heat-radiation
elements should be arranged immediately above the front end

of the conveyor in the pyrolysis chamber.

The conveyor in the pyrolysis chamber can consist of an
endless oil-permeable band having a flow off plate between
the forward and backward running parts of the band.

The arrangement according to the present invention is also
characterized in that the chamber in section is round and

that a feeding screw for o0il is arranged in its bottom.

According to the invention it is further suitable that the
feeding out devices for gas and oil are 1located at the

beginning of the pyrolysis chamber.
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FIGURE DESCRIPTION:

The invention will be described in the following in greater

detail with reference to the drawings in which

Fig. 1 shows a flow-sheet of the method and the arrange-

ment according to the present invention;

Fig. 2 schematically shows the arrangement seen from the

side, and

Fig. 3 shows a section through the central parts of the

arrangement.

In Fig. 1 a silo 1 for raw material is shown. This raw
material which primarily originates from worn out vehicle
tyres should be pretreated by shredding, fine shredding and
sifting. It is therefore present in the shape of granules
in the silo. This pretreatment is not part of the present

invention.

From the silo 1 the raw material is fed through a prehea-
ting zone 2 which ends with an inerting zone 3. After this
inerting the material which is now substantially free from
air and oxygen is brought into the first step in a
pyrolysis reactor 4 and from there into the pyrolysis
chamber 5. At the end thereof a carbon lock 6 is arranged
which locks out the solid material substantially consisting
of carbon. The solid material can be treated in a suitable
way and is a good source for the production of carbon

black.

The oil produced from the pyrolysis chamber 5 is fed during
the process to an oil sedimenting plant 7 and further to
one or more oil cisterns 8. Sediments from the o0il sedi-

menting plant 7 and possibly from the oil cisterns 8 are
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returned to the pyrolysis reactor 4, the pyrolysis chamber

5 or to the silo 1.

The gas from the pyrolysis chamber or pyrolysis reactor 4

is collected in one or more gas tanks 9.

0il from the o0il cistern 8 or gas from the gas tanks 9 can
be used to drive a turbine 10 which for example generates
electric current. The exhaust gases from the turbine which
are collected in an exhaust pan 11 can partly be released
to the atmosphere after usual and conventional purification
in heating pans whereas a fraction of these exhaust gases
is returned to the inerting step 3 and there replaces air
which has followed the granules into the silo 1. These
exhaust gases which are fed to the inerting step 3 are fed
in counter-current to the mass intended to be pyrolysed
through the preheating step 2 where they preheat the mass
and then up into the silo 1 where they give off their last
heat. The gases which stream up through the silo are,
however, not released into the atmosphere but can be fed
back to the burning step in the generator. Accordingly no
release of gas or oil whatsoever comes from the system.
During starting up of the pyrolysis process nitrogen can,
however, be used or some other inert gas for inertising as
the oxygen-free exhaust gases are not yet present in the

systen.

The oil in the cistern 8 and gas in the gas tanks 9 which
are not used for burning can be distributed further to the
market. In the same way produced electrical energy in the
generator can be distributed via the electric network and

heat from the heating pan can be used in the same way.

Fig. 2 shows the main part of the arrangement seen from the
side comprising a silo 1 of suitable construction and a

preheating unit 2 with successive inerting zone 3. In the
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present case the preheating and inerting zones consist of
pipe-formed units in which hauling means are arranged.
These pipe constructions start at the bottom of the silo
and extend upwardly to finally drop the material down into
the pyrolysis reactor 4 for further treatment in the
pyrolysis chamber 5. After this the carbon lock 6 is
arranged which feeds the carbon material to a carbon tank.
Pipes for feeding of gas, o0il etc are not shown in the

figure for the sake of simplicity.

Fig. 3 shows how a preheating step 2 is constructed.
Centrally therein a feeding screw 11 is arranged which
feeds the material towards the inerting step 3, wherefrom
it may drop down into the funnel shaped container 12. As
appears from the figure the preheating and inerting steps
consist of, three concentric pipes whereby the central pipe
houses the screw 11 with material which is to be pyrolysed,
the closest surrounding pipe 13 contains hot gases for
preheating and the outermost pipe 14 is provided with
insulating mass. The preheating of the material occurs up

to a temperature of about 120°C.

The funnel shaped container 12 which is the main part in a
dropping arrangement for the material comprises a feeding
screw for feeding down the mass through a hole in the lower
part of the container 12. In this hole a cutting knife 16
is arranged which makes the material fall in an even stream
down into the pyrolysis reactor 4. In the funnel shaped
container 12 granulated material will always be present
which is fed with a constant velocity into the chamber.
This material together with the cutting knife 16 in the
opening, constitutes a sufficient lock for preventing
passage of gas from the pyrolysis part to the preheating
zone. In this way, a complete continuity of the feeding is
created. It is important that the cutting knife and the
plate against which it works will not be too hot. The knife
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and the plate are therefore cooled and arranged at some
distance above the hot zone in the pyrolysis reactor.

A feeding arrangement 31 is also connected to the upper
part of the container. This device adds primarily the above

mentioned o0il sediments.

The pyrolysis reactor 4 which is shown in section B-B
consists of an outer steel cover 17, ceramic heat
insulation 18 and 19 and has heating coils 20 around the
central channel. These heating coils 20 are suitably
electric but they can also add heat by burning of gas. The
gas created in this zone is deviated downwardly and is
allowed to stream out through the cylindrically shaped gas
exit 21. Therefrom the gas is pumped out together with
further gas which is created during the pyrolysis through
the gas pump 22 at the lower part of the pyrolysis chamber.

Material from the feeding falls down onto the endless
rotating band 23 for further transport through the chamber.
In the chamber the material is subjected to heat in the
order of 700°C if it is a question of rubber and the
material then decomposes in a gas mixture, oil and solid
material. The heat of 700°C has suitably been preceded by
a quick heating of 800°C to 2.400°C in the pyrolysis
reactor 4. The heat for bringing about this high tempera-
ture comes from the heating pump 24 above the band 23.
These heating pipes can either be electrically heated or
heated by means of gas. A section through the pyrolysis
chamber 5 is shown in the section A-A wherefrom it can be
seen that the chamber itself is round and is housed in a
square cover. The space between the round part and the

square cover is heat insulated.
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The band 23 on which the material lies should be o0il-
permeable and consists preferably of a steel net. Between
the forwards and backwards running parts of the band 23, a
plate 25 for the oil flow is arranged. This plate guides
the oil which flows from the band to the outer side of the
return part and conducts it further down towards the bottom
part of the chamber where a screw 26 is arranged. This
screw 26 is of the shaftless type for avoiding problems
with depositions and cloggings. The screw 26 is driven by
an electric motor and conducts the oil down into a recess
in the pyrolysis chamber from where it is brought out by

means of a further screw 27.

At the end of the band a carbon lock 6 is arranged where
the solid material may fall down into a recess and is
screwed out by means of a carbon screw 28. A level
indicator 29 is arranged in this recess for indicating how

much carbon is present.

The different screws are driven by electric motors in known

ways.

For possible cleaning, the chamber is provided with inlet
pipes 30 for flushing. Herethrough and by means of the
movable and suitable inner parts in the chamber, the
chamber can be kept clean without disassembly and cleaning

of the parts.

The preheating device and the pyrolysis chamber can be
constructed according to the module principle whereby one
can choose the length‘which suits the different application
areas. It is also possible to couple these plants in

series.
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By means of the present invention, an arrangement and a
method are provided which do not release any air-
contaminating gases; instead these are practically
completely trapped. At the same time, a system, is provided
in which all parts of the fed material are collected and
this together with a very economic energy consumption has

led to a system with unusually good economy.

The invention is not limited to the embodiment example
shown but can be varied in different ways within the scope

of the patent claims.
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CLAIMS:

1. Method for continuous recovery‘of materials such as
gas, oil and solid substances from, for example, rubber
through anaerobic pyrolysis in a continuous substantially
horizontal pyrolysis chamber, characterized
i n that pyrolysis products such as gas or oil are burnt
and thereafter fed to the raw material counter-currently in
a last step before the introduction of the raw material
into the pyrolysis chamber for expelling of oxygen, so-

called inerting and preheating of the raw material.

2. Method according to claim 1, character -
ized in that the spent exhaust gases used are

returned to the burning furnace.

3. Method according to claim 1-2, character-
ized i n that the pyrolysis is carried out at a

temperature of 700°C.

4. Method according to any of the claims 1-2,
cha racterized i n that the pyrolysis
material runs through a heating zone of about 800°C to
2.400°C at the beginning of the pyrolysis process.

5. Method according to any of the claims 1-4,
characterized i n that sediments from oil

produced through the pyrolysis are returned to the pyroly-

sis process.
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6. Arrangement for continuous recovery of materials
such as gas, oils and solid substances from, for example,
rubber through anaerobic pyrolysis comprising an elongated
substantially horizontal pyrolysis chamber (5) having
feeding arrangements (23) for the material intended for
pyrolysing, feeding arrangements for the material and
feeding out devices (22, 27, 28) for gas, oil and solid
materials, characterized i n that the
feeding-in device comprises at least a vertical silo (1)
for the material, a hauling and/or preheating and inerting
device (2, 3) from the underside thereof terminating in a

shaft-shaped dropping arrangement (12) for the material in

the chamber.

7. Arrangement according to claim 6, charac-
terized i n that the dropping arrangement
comprises a funnel-shaped container (12) having an opening
in the bottom and a feeding screw (15) for feeding down

material towards the bottom hole.

8. Arrangement according to any of the claims 6-7,
characterized i n that a rotating cutting
knife (16) having opposite rotation to the feeding screw

(15) is arranged in the bottom hole.

9. Arrangement according to any of the claims 6-8,
characterized by a first heat-insulating

pyrolysis reactor (4) having heat radiation elements (20)
below the bottom hole and above the forward end of the

feeding arrangement (23).
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10. Arrangement according to any of the claims 6-9,
characterized i n that the feeding device

(23) in the pyrolysis chamber (5) consists of an endless
0il permeable band (23) having a run off plate (25) between
the forward and backward running parts of the band (23).

11. Arrangement according to any of the claims 6-10,
characterized i n that the chamber, in

section, is round and that in its bottom a feeding screw

(26) for oil is arranged.

12. Arrangement according to any of the claims 6-11,
characterized i n that the feeding out
devices for gas (22) and oil (27) are located at the

beginning of the pyrolysing chamber.
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AMENDED CLAIMS

[received by the International Bureau on 24 March 1994 (24.03.94);

original claim 6 amended; other claims unchanged (3 pages) ]

1. Method for continuous recovery of materials such as
gas, oil and solid substances from, for example, rubber
through anaerobic pyrolysis in a continuous substantially
horizontal pyrolysis chamber, characterized

i n that pyrolysis products such as gas or oil are burnt
and thereafter fed to the raw material counter-currently in
a last step before the introduction of the raw material
into the pyrolysis chamber for expelling of oxygen, so-
called inerting and preheating of the raw material.

2. Method according to claim 1, character-
ized in that the spent exhaust gases used are

returnad to the burning furnace.

3. Method according to claim 1-2, character-
ized i n that the pyrolysis is carried out at a

temperature of 700°C.

4. Method according to any of the claims 1-2,
cha racterized i n that the pyrolysis
material runs through a heating zone of about 800°C to

5.400°C at the beginning of the pyrolysis process.

5. Method according to any of the claims 1-4,
characterized i n that sediments from oil

produced through the pyrolysis are returned to the pyroly-

sis process.

AMENDED SHEET (ARTICLE 19)
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6. Arrangement for continuous recovery of materials
such as gas, oils and solid substances from, for example,
rubber through anaerobic pyrolysis comprising an elongated
substantially horizontal pyrolysis chamber (5) having
feeding arrangements (23) for the material intended for
pyrolysing, feeding arrangements for the material and
feeding out devices (22, 27, 28) for gas, o0oil and solid
materials, characterized i n that the
feeding-in device comprises at least a vertical silo (1)
for the material, a hauling and/or preheating and inerting
device (2, 3) from the underside thereof terminating in a
shaft-shaped dropping arrangement (12) for the material in
the chamber, and a turbine or the like where at least a
part of the pyrolysis products are burnt, the arrangement
including conducts for partly feeding the burnt exhaust

gases to the inerting device (2, 3).

7. Arrangement according to claim 6, charac-
terized i n that the dropping arrangement
comprises a funnel-shaped container (12) having an opening
in the bottom and a feeding screw (15) for feeding down

material towards the bottom hole.

8. Arrangement according to any of the claims 6-7,
characterized in that a rotating cutting
knife (16) having opposite rotation to the feeding screw

(15) is arranged in the bottom hole.

9. Arrangement according to any of the claims 6-8,
characterized by a first heat-insulating
pyrolysis reactor (4) having heat radiation elements (20)

below the bottom hole and above the forward end of the

feeding arrangement (23).

AMENDED SHEET (ARTICLE 1)
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10. Arrangement according to any of the claims 6-9,
characterized i n that the feeding device
(23) in the pyrolysis chamber (5) consists of an endless
oil permeable band (23) having a run off plate (25) between
the forward and backward running parts of the band (23).

11. Arrangement according to any of the claims 6-10,
characterized i n that the chamber, 1in

section, is round and that in its bottom a feeding screw

(26) for oil is arranged.

12. Arrangement according to any of the claims 6-11,
characterized i n that the feeding out

devices for gas (22) and oil (27) are located at the

beginning of the pyrolysing chamber.

AMENDED SHEET (ARTICLE 19)
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