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Description

[0001] This invention relates to a method for produc-
ing fuel from tyres or like waste rubber material in ac-
cordance with the preamble of claim 1.

[0002] In a known process shredded tyres are mixed
with spent lubricating oil to obtain a mixture for further
processing in a gasifier. The gasifier generates low en-
ergy gas to be used in a gas turbine for power genera-
tion. This process includes a number of complex proc-
ess steps, such as the removal of steel and textile ma-
terial from the tyre material, and the use of a high pres-
sure and temperature gasifier with sulphur absorption
and gas cleaning making it costly. Therefore this known
process is applicable only in larger plants. Another
known process for treating waste rubber material is dis-
closed in US-A-4108730.

[0003] The disposal of spent tyres constitutes a se-
vere environmental problem. Although it is well known
to recycle rubber from tyres, it is usually required that
the quality of the finished rubber product should be sim-
ilar to the original virgin product. This can be achieved
by making use of a cryogenic process, known as such,
where shredded tyres are cooled to glass transition tem-
perature and the product is thereafter milled and classi-
fied with separation of steel wires and textile material
from the tyres.

[0004] Rubber that does not meet the quality require-
ments either has to be burnt in a boiler or dumped on a
land fill. Rubber from spent tyres has an energy content
of approximately 8 MWh/ton and is constituted by sty-
rene butadiene or similar, carbon black as filler, zinc ox-
ide, sulphur and small parts of various additives.
[0005] Also plastics of different kinds constitute an en-
vironmental problem and must be recycled either for re-
use or convertedfor energy production. The energy con-
tent is similar to that of rubber.

[0006] An aim of the invention is to create a new way
of processing spent or scrap tyres or the like waste prod-
ucts so as to provide fuel for diesel engines to be further
converted, for example, into electricity and heat. A fur-
ther aim is to avoid the drawbacks of known techniques
and to provide a less complicated and more cost effec-
tive way of putting into practice such an energy conver-
sion process.

[0007] The aims can be met with a method according
to claim 1 and the sub claims.

[0008] In accordance with the basic concept of the in-
vention, liquid hydrocarbons, such as diesel oil, heavy
fuel oil, lubricating oils, and/or other organic oils, such
as vegetable oils, together with crumb rubber and pos-
sibly plastics are mixed and cracked in a chemical proc-
ess so as to provide a homogeneous liquid having an
appropriate viscosity to enable it to be pumped into a
diesel engine and having an energy content similar to
original diesel fuel oil. The oils referred to above for mix-
ing with the rubber material can be virgin or used oils
and these waste products can with advantage be recir-
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culated.

[0009] An embodiment of the invention will now be de-
scribed in more detail, by way of example only, with par-
ticular reference to the accompanying drawing, the sole
figure of which schematically illustrates a plant for pro-
ducing fuel from used tyres or other waste material.
[0010] Inthe drawingthere is shown a shredding plant
for shredding tyres and plastics materials. The shredded
tyres are fed to a cryogenic plant for cooling to the glass
transition temperature to produce crumb rubber and this
together with the shredded plastics material are fed to
a reactor, e.g. through a sluicing system such as a so-
called lock-hopper system. A separate pipe feeds oils
through a pump into the reactor. There is a pressure of
from 15 - 50 bars, preferably 15-30 bars, in the reactor
where the rubber and oils are mixed together. The re-
actor is heated by steam or a hot oil system to a tem-
perature of approximately 300-405 °C, preferably from
320-385 °C. A decomposition of the solid hydrocarbons
takes place in the reactor and the long chained com-
pounds are cracked in the oils thereby creating a ho-
mogenous mixture which is pumped out from the bottom
of the reactor.

[0011] The high temperature in the reactor makes the
solid hydrocarbons and the oils give off gases which
may be released from the top of the reactor. However,
to obtain favourable diesel fuel features, it is important
to keep as much as possible of the gases dissolved in
the fuel. This can be achieved by using a low tempera-
ture cracking process of catalysts containing, for exam-
ple, nickel and/or molybdenum. The released gases can
be used together with fuel oil as fuel in a steam boiler
or a hot oil system for heating the reactor.

[0012] The liquid fuel produced is cooled and can be
fed directly to a diesel engine for power and heat gen-
eration or stored in an intermediate tank for later con-
sumption.

[0013] The diesel engine should of course be of atype
which is able to operate, when necessary, also on heavy
fuel oils or the like, and it should also be equipped with
appropriate facilities for cleaning of diesel exhaust gas-
es in order to meet local emission standards.

[0014] By making use of the cryogenic process, the
quality of the crumb rubber and milled rubber is better
suited for processing in the reactor, and it makes it eas-
ier to separate in a classifier the steel wires, textiles and
other impurities of the tyres before the rubber material
is fed into the reactor. Thus, the reactor can be contin-
uously used without the need to periodically clean it to
remove the steel and textile. However, in some cases
and in a smaller scale utilization of the process, it may
be of advantage to directly feed the shredded tyres into
the reactor so as to save the costs of a cryogenic plant,
although this entails cleaning the reactor of steel, textile
and possibly larger unprocessed rubber parts.

[0015] The shredding of the spent tyres to produce
crumb rubber may be performed in any known manner.
For example, shredding to produce fragmented rubber
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may be achieved in a mechanical shredder or by the use
of high pressure water jets as is known per se.

[0016] The invention is not limited to the embodiment
shown and described but several modifications are fea-
sible within the scope of the attached claims.

Claims

1. A method of producing fuel from spent tyres or like
waste rubber material for use in diesel engines, e.
g. for the production of electricity and heating ener-
gy, characterised in that it includes the steps of:

(a) fragmenting said tyres or the like waste rub-
ber material and feeding the fragmented waste
rubber material into a reactor;

(b) feeding liquid hydrocarbons into the reactor
and mixing them with said rubber material un-
der a pressure of from 15 to 50 bar;

(¢) heating the mixture in the reactor to a tem-
perature of from 300 to 405 °C to decompose
the solid hydrocarbons and crack the long
chained compounds into oils to thereby create
a homogenous mixture;

(d) recovering gases released in the reactor in
step (c); and,

(e) after step (c), pumping the homogeneous
mixture from the reactor and cooling the homo-
geneous mixture so that it is ready for utilisation
as fuel oil in diesel engines.

2. A method according to claim 1, characterised in that
the waste rubber material is fragmented prior to be-
ing fed into the reactor by shredding and breaking
down said tyres or waste rubber material to produce
crumb rubber material.

3. A method according to claim 1 or 2, characterised
in that the liquid hydrocarbons comprise diesel oil,
heavy fuel oil and/or lubricating oil.

4. Amethod accordingtoclaim 1, 2 or 3, characterised
in that the pressure in the reactor is from 15 to 30
bar.

5. A method according to any of claims 1 to 4, charac-
terised in that the mixture in the reactor is heated to
from 320 to 385°C.

6. A method according to claim 2 or any one of claims
3to 5 when dependent on claim 2, characterised in
that in step (a), after shredding, the tyres or like
waste rubber material are cooled under a cryogenic
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10.

11.

process to the glass transition temperature.

A method according to any one of the preceding
claims, characterised in that, in step (a), unwanted
materials, for example steel wires and textiles, are
removed before feeding of the remaining rubber
material into the reactor.

A method according to any one of the preceding
claims, characterised in that in step (b), fragmented,
e.g. shredded, waste plastic materials are also fed
into the reactor.

A method according to any of one of the preceding
claims, characterised in that the mixture in the re-
actor comprises from about 40-60% of material
from said tyres or like waste rubber material.

A method according to any of the preceding claims,
characterised in that in step (c) catalysts, preferably
containing nickel and/or molybdenum, are added to
the reactor to keep as much as possible of any gas-
es dissolved in the fuel mixture.

A method according to any one of the preceding
claims, characterised in that at least some of the
gases released and recovered in step (d) are used
as fuel for heating of the reactor.

Patentanspriiche

1.

Verfahren zur Herstellung von Brennstoff aus ver-
brauchten Reifen oder 8hnlichem Altgummimaterial
zur Verwendung in Dieselmaschinen, beispielswei-
se zur Erzeugung elekirischer Energie und Warme-
energie, gekennzeichnet durch die folgenden
Schritte:

a) Zerstiickeln der Reifen oder des ahnlichen
Altgummimaterials und Zufihren des zerstiik-
kelten Aligummimaterials in einen Reaktor;

b) Zufihren flussiger Kohlenwasserstoffe in
den Reaktor und Vermischen dieser mit dem
Gummimaterial unter einem Druck von 15 bis
50 bar;

¢) Heizen der Mischung in dem Reaktor auf ei-
ne Temperatur von 300° bis 405°C, um die fe-
sten Kohlenwasserstoffe abzubauen und die
langen Kettenverbindungen in Ole zu cracken,
um dadurch eine homogene Mischung zu bil-
den;
d) Rickfahren der in dem Reaktor in Schritt ¢)
freigewordenen Gase; und

e) nachfolgend dem Schritt ¢), Abpumpen der
homogenen Mischung von dem Reaktor und
Abkiihlen der homogenen Mischung, so dafi
sie flr die Verwendung als Brennstoffél in Die-
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selmaschinen fertig ist.

Verfahren gemafn Anspruch 1,

dadurch gekennzeichnet, daB das Altgummimate-
rial vor dem Zufihren in den Reaktor durch Schred-
dern und Zerbrechen der Reifen oder des Aligum-
mimaterials zerbrochen wird, um bréseliges Gum-
mimaterial herzustellen.

Verfahren gemafn Anspruch 1 oder 2,

dadurch gekennzeichnet, daB die flissigen Kohlen-
wasserstoffe Dieseldl, Schwerdl und/oder Schmier-
6l enthalten.

Verfahren gemafn Anspruch 1, 2 oder 3,
dadurch gekennzeichnet, daf3 der Druck in dem Re-
aktor zwischen 15 bis 30 bar liegt.

Verfahren gemaf einem der Anspriche 1 bis 4,
dadurch gekennzeichnet, daB die Mischung in dem
Reaktor auf die Temperatur von 320°C bis 385°C
geheizt wird.

Verfahren geman Anspruch 2 oder einem der An-
spriche 3 bis 5, wenn diese in Abhangigkeit von
Anspruch 2 stehen,

dadurch gekennzeichnet, daf3 die Reifen oder das
ahnliche Altgummimaterial in Schritt a) nach dem
Schreddern in einem AbkuUhlprozef3 bis zur Vergla-
sungstemperatur abgekihlt werden.

Verfahren geman einem der vorangehenden An-
spriche,

dadurch gekennzeichnet, daf3 in Schritt a) uner-
wilnschte Materialien, beispielsweise Stahldrahte
und Fasergewebe, beseitigt werden, bevor das ver-
bleibende Gummimaterial in den Reaktor geflhrt
wird.

Verfahren geman einem der vorangehenden An-
spriche,

dadurch gekennzeichnet, daf3 in Schritt b) zerstiik-
kelte, beispielsweise geschredderte Altplastikma-
terialien ebenso dem Reaktor zugeflhrt werden.

Verfahren geman einem der vorangehenden An-
spriche,

dadurch gekennzeichnet, daB die Mischung in dem
Reaktor ca. 40% bis 60% Material von diesen Rei-
fen oder &hnlichem Altgummimaterial enthalt.

Verfahren geman einem der vorangehenden An-
spriche,

dadurch gekennzeichnet, daf in Schritt ¢) Kataly-
satoren, vorzugsweise solche, die Nickel und/oder
Molybdéan enthalten, dem Reaktor hinzugefiihrt
werden, um soviel als mdglich jeglicher in der
Brennstoffmischung geldésten Gase zuriickzuhal-
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11.

ten.

Verfahren gemanl einem der vorangehenden An-
spriche,

dadurch gekennzeichnet, daB zumindest einige der
freiwerdenden und in Schritt d) zurlickgefihrten
Gase als Brennstoff zum Heizen des Reaktors ver-
wendet werden.

Revendications

Méthode de production de carburant a partir de
pneus usagés ou de déchets similaires au caout-
chouc pour étre utilisé dans des moteurs diesel, par
exemple, pour la production d'électricité et d'éner-
gie de chauffage, caractérisée en ce que celle-ci
comprend les étapes de :

(a) fragmentation desdits pneus ou de déchets
similaires au caoutchouc et l'alimentation d'un
réacteur en déchets de caouichouc
fragmentés ;

(b) alimentation du réacteur en hydrocarbures
liquides et leur mélange avec ledit caoutchouc
sous une pression de 15 & 50 bars;

(c) chauffage du mélange dans le réacteur a
une température de 300 & 450 °C en vue de
décomposer les hydrocarbures solides et cra-
quage des composés a longue chaine en huiles
afin de créer ainsi un mélange homogéne ;

(d) transformation des gaz dégagés dans le
réacteur a I'étape (c) ; et

(e) aprés |'étape (c), évacuation par pompage
du mélange homogéne du réacteur et refroidis-
sement du mélange homogéne de facon telle
qu'il soit prét a I'emploi comme fuel-oil dans des
moteurs diesel.

Méthode selon la revendication 1, caractérisée en
ce que l'on fragmente les déchets de caoutchouc
avant d'en alimenter le réacteur par déchiquetage
et écrasement desdits pneus ou déchets de caout-
chouc pour produire une matiére de caoutchouc
émietté.

Méthode selon la revendication 1 ou 2, caractérisée
en ce que les hydrocarbures liquides comprennent
le carburant diesel, le fuel-oil lourd et/ou I'huile lu-
brifiante.

Méthode selon la revendication 1, 2 ou 3, caracté-
risée en ce que la pression dans le réacteur est
comprise va de 15 & 30 bars.

Méthode selon l'une quelconque des revendica-
tions 1 & 4, caractérisée en ce que l'on chauffe le
mélange dans le réacteur & une température de 320
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°C a 385 °C.

Méthode selon la revendication 2 ou 'une quelcon-
que des revendications 3 ou 5 lorsqu'elle dépend
de la revendication 2, caractérisée en ce que dans
I'étape (a), aprés déchiquetage, on refroidit les
pneus ou les déchets de caoutchouc a la tempéra-
ture de transition vitreuse par un procédé cryogéni-
que.

Méthode selon I'une quelconque des revendica-
tions précédentes, caractérisée en ce que dans
I'étape (a), on élimine les matiéres indésirables, par
exemple les fils d'acier et les textiles, avant d'ali-
menter le réacteur en caoutchouc restant.

Méthode selon I'une quelconque des revendica-
tions précédentes, caractérisée en ce que dans
I'étape (b), on alimente le réacteur également en
déchets de plastiques fragmentés, par exemple,
déchiquetés.

Méthode selon I'une quelconque des revendica-
tions précédentes, caractérisée en ce que le mé-
lange dans le réacteur comprend d'environ 40 & 60
% de matiére desdits pneus ou de déchets de
caoutchouc.

Méthode selon I'une quelconque des revendica-
tions précédentes, caractérisée en ce que dans
I'étape (c), on ajoute au réacteur des catalyseurs,
de préférence contenant du nickel et/ou du molyb-
déne, en vue de conserver la plus grande quantité
possible de tout gaz dissous dans le mélange de
carburant.

Méthode selon I'une quelconque des revendica-
tions précédentes, caractérisée en ce que I'on utili-
se comme carburant pour le chauffage du réacteur
au moins une certaine quantité de gaz dégagés et
récupérés dans l'étape (d).
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