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Abstract: The article is devoted to the description of mateecycling of whole waste tires, including a new
method of pyrolysis process, resulting in the fipadducts: technically oil fractions (rubber plagter of rubber
compounds) or diesel fuels (light, medium and hgaastivated carbon, gas fuel and steel scrap.d@peal and
performance tests of the first version of the ppant, consisting of three contributions coope@twith one
pyrolytic reactor confirmed that this technologyaisplicable but has still some flaws and errorgh structural
and technological. Usually such errors in the fiest of technology development cannot be avoideé paper
describes: pyrolysis processes which occurs inpifet plant, protected by a patent application desof
continuously working prototype installation for yeting of tire and identifies future directions research in this
field.
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Introduction

In this article biomass definition is mainly based the definition from the Polish
legislation acts, but it should be mentioned thathe relevant provisions the biomass term
is defined in different ways. Biomass given by fi¢ans “products consisting of whole or
in part of vegetable matter from agriculture orefry which can be used as a fuel for the
purpose of recovering its energy content”. Anotthefinition, included in the Polish Journal
of Laws from 2003 (No. 104 item. 971 § 2), treadsaabiomass “substances of plants or
animals origin, which are biodegradable, derivemhnfrproducts, wastes or residues from
agriculture or forestry production, and relatedusities, as well as other parts of wastes
that are biodegradable”, with the exception of waamktes, which may contain harmful
compounds, useel for their preservation.
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Tires as a biomass

Tires are considered as biomass by many researdtiefdsecause of the fact that tires
consist of natural rubber, and therefore, at lea#at percentage, tires may be counted as
biomass, since both natural and synthetic rubber pdrotosynthesis products. Natural
rubber is formed during the direct photosynthesid synthetic rubber (made from oil, gas
or coal) - during indirect photosynthesis, whichcurted millions of years earlier.
Discussion on this issue is important, mainly dué¢he fact that biomass as fuel, is subject
to emission standard set for the combustion ofsfushd when it is regarded as waste, it is
subject to more restrictive standards of waste emtitin and co-combustion [1]. Car tires,
as biomass product, can also be crucial in thetaffmbtain environmental certification.

Because of the fact that counting tires as a bisrhas not been definitively settled
down for today, the rest of this article presentolysis as the solution to energy recycling
for different types of biomass, with particulareefnce to car tires as a biomass as well.

From the standpoint of environmental protection andrgy managemerg the natural
biomass from wood, straw, plants, etc. should b&tlfi used as construction or usable
material, because with the processing it gains sahd@ional features and qualities, without
losing its energy potential. Example in this fielduld be paper, used clothes, furniture,
packings, pallets, etc., but also the tires. Bismamtained in these products can always be
processed and energetically used.

Recycling in Europe

There are three systems of waste car tires managémegurope: free market, tax and
extended producer responsibility (EPR). Free market system treats waste tires as
a full-fledged secondary raw material, which caretlded taeg pavers, tartan, rubber, etc.,
or as an energy source. Therefore, companies edigag¢he material recycling can
purchase tires as a component part or raw maténicdccordance with the rules of the
market. In the tax system, waste tire managemedtn@re specifically the involved costs,
such as cost of the collection and transportatierirecluded in the applicable tax.

free market
ERP

taxsystem

preparingto ERP

Fig. 1. Management systems of waste tires in Euf@dpe
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Another commonly used in the European Union sotutthe principle of extended
producer responsibility (EPR). It introduced, andnily imposed on the tire manufacturers,
obligation of material and energy recycling of veasires. The cost of the recycling is
included in the price of the tires. Areas of diffiet management systems functioning in the
EU are shown in Figure 1.

Recycling and pyrolysis

There are many methods of waste tires disposaludimg: material recycling
(shredding, granulation, producing regeneratediseeof tires in whole), energy recycling
(combustion) and chemical recycling - raw mater{plgolysis, gasification, carbonization,
hydrocracking).

Whole waste tires, which have been cut, grindedfeagentized, can be included in
the material recycling. In the first case tires ased as raw material for creation of new
products [3], such as flowerbeds, securities, bumpplayground items, etc. The most
important qualities of tires (the ability to reduneise, shock and vibrations), and their
material characteristics (elasticity and high sgthndue to the cord reinforced sides) are
being used [4]. In the second case, created graanéeused in rubber production and as an
additive to asphalt.

Energetic recycling consists in waste tires comibashs alternative fuel. The high
calorific value rate makes this method of dispagate efficient. In Poland, especially in
cement plants, it is now one of the most commosldumethod of disposal of this kind of
waste. Obtained in this technology, combustion bétites is used for clinker burning.

In chemical recycling the product consists in reavg and reusing substrates, which
previously made the final product. In the case laktics it's a monomer, for the broken
glass it is glass, for scrap metal it is metal, &iae recycling of raw materials for tires
concerns only steel cord as the pyrolytic oil corgteonly trace amounts of isoprene and
butadiene.

One of the interesting and dynamically developiregthnds of chemical - biomass and
tires recycling, is the pyrolysis process. The pescis based on the high-temperature
degradation of organic compounds in anaerobic gihere, and though it is still often used
mainly for wood biomass utilization, the shares wéste tires recycled this way
continuously grow up.

The pyrolysis

Pyrolysis process takes place without air or ineaolic atmosphere typically at
a temperature of 400-700°C. During this processhéncase of tire pyrolysis, sulfide bonds
occurring in the rubber become broken and nextararthains are bursting and finally
gaseous, liquid and solid products are formed, lwifen can be subjected to further
processing. The main components are: methane gab (dner simple hydrocarbons),
hydrogen, hydrogen sulfide and carbon monoxide dwhtonstitute about 10%). Oil
represents around 44%, and part of solids about fE%The liquid phase consists of
a mixture of aliphatic and aromatic hydrocarbomghsas benzene, toluene and others. The
separation of these components from the liquidtivaccan be achieved by distillation and
refining. The solid fraction consists of char, remts of steel, silica, ZnO, ZnS, and any
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residues of catalysts, which were used [6]. Char ba used as a filler for rubber
compounds, or may be subject to activation.

The composition of the products formed, both gatilie and quantitative, is dependent
on the pyrolysis process parameters such as tetaperahe duration of the process, the
conditions of pressure, inert gas and catalystgmes There are technologies in which the
process occurs in an inert atmosphere, mostly gétip or in the presence of catalysts
accelerating the process and facilitate the digtidn of multi-particle compounds. It is also
possible to carry out the process at the hydrolgenthrough, so-called, hydrocracking.

Vacuum pyrolysis process was introduced in the téteties, developed by Pyrovac
International lac. from Canada. The reactor isdgbaly the molten salts, pyrolysis occurs at
a pressure of 20 kPa at a temperature of 480-5)°T here are also waste tires disposal
methods based on plasma pyrolysis and pyrolysib wiater and C@in supercritical
conditions. Plasma pyrolysis of tires is used iradt by Plasma Recycling Ltd, which
produces synthesis gas [5].

Pyrolysis, as well as gasification, is a compleggesss consisting of several stages.
Depending on temperature and oxygen content oihfhe biomass and its composition, as
a result of oxidation, processes can be exotheffiie. main reactions occurring during the
pyrolysis of biomass and their enthalpy valuestlier temperatur@ = 300 and 1000 K are
given in Table 1.

Table 1
Exothermic reactions of cellulose pyrolysis anduresl of their enthalpy [7]

Enthalpy [kd/mol]

Process Reactions 300 K 1000 K
o CO + 3H =CHs + H,O -205 -226
Methanisation CO + 4bh = CHs + 2H0 _167 _192
Methanolysis CO + 2H, = CH;OH -92 -105
(Estrification) CQO, + 3H, = CH;OH + H,0 =50 =71
Carbonization 0.17§H,005 = C + 0.85HO -81 -80
Hydrogasification CO+pO=CO+H, -42 -33

Thermal pyrolytic degradation of biomass processried out in oxygen-free
atmosphere, leads to the formation of three praduct
— Solid: biocarbon product - charcoal, in the casdemfomposition of wood and ash.

— Liquid: oil and tar, which are mixtures of hydrolbans, phenols, and about

200 different organic compounds (aliphatic and atiensaturated and unsaturated).
— Gas, being a mixture of CO, GMH,, hydrocarbon gas (GHC,Hg) and liquid vapour,

eg CsHg, CHip and water vapour, with a calorific value of abdi2 MJ/Kg.

Composition depends on the temperature of decomosdf biomass, and in

eg temperature of 482°C/926°C percentage by volummliswing: 5.56/32.48 H

12.34/10.45 CH 33.50/35.25 CO, 3.03/1.07 .M, 0.71/2.43 GH,. A total of

flammable gases in the mixture represent 54.97%tHertemperature of 482°C or

81.68% for 926°C [8].

According to the researchers [9, 10] the largegtidi products fraction from biomass
pyrolysis is the most economically reasonable whyanducting this process. In their
opinion profits from the converting biomass intoaheelectricity or liquid fuels are in
proportions 1:3:9 (respectively; heat : electricityquid fuel). In the nearby future we can
predict the growth of interest in thermal convemsid biomass in the direction of obtaining
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the largest possible amount of liquid biofuels. Breging on the type of pyrolysis, there are

two types of liquid fuels (Table 2):

— Biofuels which are formed directly in the flash plysis with high efficiency, up to
85% by weight. They have a relatively low viscosiand mix with water up to 35-50%
moisture content. They are also easy to burn ideft®i furnaces and engines.
Compared with petroleum fuels they are less stahtee vulnerable to temperature,
and after some time may polymerize.

— Biofuels, obtained by a typical or slow pyrolysisttwless efficiency, no more than
20% by weight [8].

Table 2
Properties comparison of liquid products from flasid slow pyrolysis [11]
. Pyrolysis
Properties Flash Siow
Moisture content [%)] 20.0 14.6
pH [-] 25 2.0
Specific gravity [kg/dr 1.21 1.195
C [%] 56.4 61.9
H [%] 6.2 6.0
N [%] 0.2 1.07
S [%] For anhydrous <0.01 0.03
Ash [%] 0.1 15
O [%] 37.1 29.5
C/H ratio [-] 9.1 10.3
Calorific value [MJ/kg] 23 26.3
Dynamic viscosity in 40°C [cP] 51 300
Kinematic viscosity in 25/40°C [cSt] 233/134 -
Pour point [°C] -23 27

Energy required for biomass pyrolysis may be s@gpiiom an external heat source or
from combustion products of the biomass decompusiich as solid product, oil or gas.

The scheme of tube reactor with external heatiokgused for thermal decomposition
of biomass is shown in Figure 2. Depending on t&ameters of its work and the number
of incoming steam and catalysts, it can adjustctiraposition of any product and make it:
gasifier, pyrolyzer or biocarbonizer.

Decomposition process in pyrolyzer, shown in FigBrestarts at the temperature of
200°C, and the upper temperature is unlimited, dy even be the temperature of the
plasma. The final products of pyrolysis are gas#és,and biocarbon (charcoal) or ash [12].

The proportions of gas, oil and biocarbon in theoseposition products depend on the
rate of temperature rise, time of decompositiomperature and pressure. With rapid
thermal decomposition more than 65% of the bionBesomes gas (gasification), at an
average decomposition rate of over 70% the bionsassnverted into oil (pyrolysis) and at
slow decomposition, over 35% biocarbon (biocarbatiin) is obtained [12].

The pyrolysis gas can be condensed at about 30%elmht) into oil, which is at room
temperature a mixture of approximately 200 liquidgamic compounds, including
hydrocarbons, alcohols, aromatics and other conggun
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Biomass

Cold Combustion Gases

Fig. 2.Scheme of plate device for thermal decompositiobiafass working continuously [13]

Previous installations

The most famous biomass pyrolysis technologiesamamarized in Table 3 [14].

Table 3
The best known and latest technologies of biomgsslysis [14]
. Efficiency Temp.
Technology Producer Material [ka/h] C]
BTG Flash Pyrolyse BTG Biomass Technology Biomass 250’. 5000 500
Group (Starting-up)
Pyrocycling Process Pyrovac Group Inc. and Biomass 3500 475
Ecosun b.v.
ENTECH Pyrolytic ENTECH Renewable Biomass Series of Types 500
Gasification System Energy Tech. PTY Ltd. and biowaste 200 - 36000
Waste Gas Technology| Waste Gas Tech. Ltd Sludges 00 5 750-850
Ragailler Dry Destillation| RATech M“”'bc.'pa' wastes, NDA 450-560
iomass
HD-PAWA-THERM UC Prozesstechnik GmbH Sludges NDA 060

NDA = No Data Available

The use of pyrolysis processes is now fairly wathlkn and more often companies that
specialize in this type of installation can be fduklere are some examples of the most
popular and latest developments in this field.
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BTG flash pyrolysis installation

The BTG Flash Pyrolyse (developed by a group of games from the UK,
Netherlands and Germany), also known as flash psiglis a very quick biomass heating
process up to temperatures around 450-600°C inevxfirge atmosphere. The main product
of the process is oil, formed from 70-75% wt. cddo The maximum efficiency of biomass
to oil conversion (79% wt.) is obtained at a temapare of about 500°C. BTG flash
pyrolysis technology is based on the use of ragatione reactor, on the bottom of which,
initially heated (to room temperature) biomass haotgrains of sand are inserted in.

In contrast with stationary reactorgy(cyclone and PyRos [15]) in this technology the
rotational motion of biomass and the whole bedassed by the rotation of the reactor
itself. It causes mixing, milling and pyrolysis\asll as sand and ash transport, this time, not
downward but upward. Rotational speed of the regaatone is 300 rev/min. Thanks to the
rapid heating process, only 15% wt. of biomassoisverted into carbonization product,
10% wt. into gas and the rest-into oil.

Pyrolysis installation together with integratedireglation sand system contains: the
pyrolysis reactor, pipe elevator, char combustioa fluidized bed chamber and the return
line. The vapours pass through a series of cyclémes where they are directed into the
cooler where they are quickly cooled with the redliating oil injection. Currently, the main
product is oil, and pyrolysis gases, remainingraftee condensation, are burned in the
boiler, but in the future burning them in gas tugboerator is expected.

Pyrocycling™ Technology

Pyrocycling™ Technology was developed by Canadiatel corporation [16, 17].
Figure 3 shows simplified diagram of its instatati Soft bark of trees dried in the air,
which is waste from the sawmill, is the raw matefiéa the process. Its moisture content at
the inlet to the reactor is about 10% wt., 74.8%tie matter (gas and oil vapour), 22.3%
of residual carbon-related and 2.9% ash from pgislis being received.

Fumes
Combustion i
Chamber |
/ 4 Distillafion
y _ Columns
i I Cooler . Y
Liquid Salt — Y.V Watiee
Contidn i g 0Oil fraction
Natural| Al .
o Biocarbon Pyrolysis Gas

Fig. 3. Technological scheme of Pyrocycling™. Vaoupumping systems, pumps and valves are
omitted [13, 18]
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Stored biomass is directed to the tray throughrevsconveyor, which brings it to the
air transport system ended in the cyclone. The maateom the cyclone falls by gravity to
a vibrating sieve separator. The fraction betwe@nadd 40 mm is sent to a vacuum-weir
power system (consisting of two rotary cell disgeas placed in series, between which
vacuum pump suction is connected). In a similar,vegthe same double vacuum locks, the
char and ash from the vacuum pyrolyzer are disetarip this way the leakage of gas from
the pyrolysis reactor and the atmospheric oxygdiuxnare prevented. The process of
thermal decomposition of biomass takes place a¢sspre of about 20 kPa [14].

Biomass, as a result of pyrolysis thermal decontiposiis converted to pyrolytic olil,
char (biocarbon), raw gas and water fraction. Clwhich temperature on the reactor outlet
is about 475°C, is cooled in the three-stage stieat exchangers, initially with air and then
with water. After passing through a vacuum-weirtsys biocarbon is transported through
conveyor belt and packed into bags of 1%capacity, then stored and finally sold.

Gaseous products, including pyrolysis vapors, arelacted from reactor by a 600 mm
head to a two-stage condensing system (packed oplimthe first column heavy bio-oil is
condensing and in the second - a mixture of ligbtdil and pyrolysis water. This mixture
is separated by centrifugation. Both fractions imkdils are mixed together and stored in
polyethylene containers of 13neapacity or in 50 000 dhrapacity tank. Water fraction
before turning into municipal sewers, is neutraliagith a caustic soda solution. The
remaining flammable gas from the second colummimpressed after cooling to a pressure
of 170 kPa and burned together with natural gathéhmolten salt heater. Molten salts
provide the energy, necessary to carry out thelysigreaction through the boards inside
the reactor.

For better clarity in Figure 3 such details asahation of vacuum pumps, installation
of pneumatic conveying, screw conveyors, valves a@tfér components, less relevant to
understanding the principles of operation the itstan, are omitted.

ENTECH installation of biomass conversion

ENTECH Pyrolytic Gasification System (Australia)ct@ology, with a single unit
efficient varies from 0.25 to 125 Mg/24 h is desidrto produce energy from biomass or
organic waste treatmerf) sewage sludge. The installation consists of tweraiing units
working periodically: diaphragm heated pyrolysisactiber and the combustion chamber
with a multi-stage air supply, allowing the burninfjraw gas formed in the pyrolysis at
1400°C. With this temperature, disposal of hazasdeastes is also possible (waste from
hospitals, used medicines, chemicals package$, Etergy efficiency of the installation is
up to 95 MW of thermal energy and up to 20.5 MWelgfctricity.

WGT Technology

The hybrid system from WGT (UK) is a hybrid processnbining gasification and
pyrolysis technology [19]. Dried sewage sludge,chitis material in the process, is put into
the tank, serving as a dispenser, and fed to ¢gts motecting against oxygen access.

Then, deposits are directed to the horizontalndyical, rotary reactor, heated to the
temperature of 850-750°C. Application of such ahhtgmperature causes pyrolysis of
organic matter, leading to gas cracking into hydrognd short chain hydrocarbons. The
process conditions are strictly controlled to easaptimal conditions for gas synthesis.
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Formed in pyrolysis coke breeze is separated imtaciiclone and the pyrolysis gas is
cooled before the final treatment.

Ragailler's Technology

Ragailler's Technology was developed by Ragaillataen Technik GmbH [20, 21].
Its main component is a distiller - pipe with ad#én of aboutL = 21 m and diameter
D = 3 m propelled rotary. Its interior contains lehtmembrane, which provides the
reductive atmosphere of the process and a smalliiainad exhaust gas. Uniform heating to
the temperature of 450-560°C enables degassirtgeahaterial in about 1 hour.

In the distiller there is a slight overpressurejoltteliminates the possibility of the air
inwards, and thus prevents the danger of explosfaided dry alkaline sorbents are
associating when 90% of the acidic components @adyhmetals are released. Recycling
based on dry distillation gives four basic usegltelucts:

— gas for proecological energy recovery (70-80% efehergy potential of waste),

— coke breeze, coal with mineral substances contamedaste (20-30% of the energy
potential of waste),

— basalt-alike aggregates, of molten sorbent and nadirseibstances contained in waste
(30-50% of the glass) or boiler slag, when cokesbeeis burned as a supplement to
coal dust,

— ferrous and non-ferrous metals.

RDF recycling installation

Technology of flash pyrolysis recycling has beerval@ped from non-pressure
conversion of combustible RDF wastes fraction [23] into diesel or heating oil. Its

diagram is shown in Figure 4.
Gas + vapor Gas Fumes
* Furnace

Air

| |

Gas+vapor+coal

— jﬂ il

Biocarbon

Overheated air
M Economizer e Overheated transported gas

Pyrolyzer

Heated coal I

Overheated transported gas

Fig. 4. Scheme of RDF pyrolysis into liquid fuatstallation [7, 13]
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In this technology from 1 kg of combustible fractimf municipal solid wastes
approximately 0.23 kg of fine coal at the tempeamtof 760°C and a mixture of gas and
liquid hydrocarbon vapours at the temperature @ &1could be obtained. After their rapid
cooling to about 80°C to prevent reaction with cambapproximately 0.4 kg of liquid
fraction is obtained. After separating the aquemmensate, about 22.5% wt. of liquid fuel
heating value 24.4 MJ/kg and ash content from @.2.4% wt. is obtained. The remaining
gas after multistep purification is designed tousidial use. Part of this gas is recycled to
the process in order to maintain pyrolysis. Obtéickar has a calorific value of 20.9 MJ/kg
and contains about 30% ash, the amount of whidbuleged on the dry weight of wastes, is
about 7.5%. The installation (scheme shown in Eglrof sorted RDF stream processing,
of daily efficiency at 181 Mg of raw mixed wastegs built in the U.S. in 1977, but after
a year and several thousand of fuel productiora dismantled. The cause was erroneous
estimate of the reactor performance in relatioth®oRDF stream.

Polish experience in such technologies

One of more interesting pyrolytic recycling plaimsPoland is the installation used by
the “DS. Reecology” company. Most important compuseof the system are: main
reactors, separator and storage tanks (Fig. 5).

—— [TSEI]IB

gas

Reactor

| Fumes

Liquid
fraction

Distillation
columns

Liquid phase

Reactor

Separator

Output

Pyrolysis gas

Biocarbon I
Fig. 5. Scheme of pyrolysis installation for watites recycling

In the reactors tire pyrolysis occurs without air inert gas, and at atmospheric
pressure. The process takes place in semi conmeaagtors, which are running with a time
delay in such a way, that obtained product strearascontinuous. When the first reactor
cools down, loading process of used tires beginthénnext one etc. The installation is
adapted to use both shredded and whole tires. 8d¢wnd variant is now a rarity, but it has
one particular advantage - it allows conductingutikzation of tires without grinding step
which reduces costs. Gas, formed during the prosessed for heating the reactor, while
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its excess is used to generate electricity and inetite cogeneration. Liquid products are
separated in a distillation column and the resttes(carbon and steel cord) is removed by
hands after process accomplishes. The installaisrcapacity of 5 Mg of feed per day, and
pyrolysis efficiency is up to 1500 dniiquid fuel and 2.2 Mg of carbon residues. The
reactor consumes annually 13.8 Gcal. of heat aBdMBy of gas as fuel per year (gas
recycled from the process). Contamination resultirmn the combustion of pyrolysis
products (gas) is about 0.096 g/s [24].

Technology of continuous pyrolysis of whole tires

Pyrolysis of whole tires is a difficult technologlqrocess, as it has to be done quickly
and in high temperatures, which is difficult dueldav thermal conductivity of tires. Their
grinding before pyrolysis proved to be too much rgpeconsuming and therefore
economically viable. The problem of pyrolysis of ol tires could be technically solved
only in a special reactor, which is shown in cresstion and the view in Figure 6.

Fig. 6. Scheme and view of periodically workingglyeer for the whole tires recycling [13, 25]

Three reactors (hermetically sealed cartridgesgaoperation with one furnace, in
which those cartridges are sequentially insertedyvige a quasi-continuous recycling
process. When pyrolysis occurs in a cartridge déoimz 10 tires (about 60 kg), the second
cartridge (previously removed from the furnace)lsamown, and the third one is unloaded
and refilled with the next portion of tires.

Thanks to tires external heating through the siddéiswof the cartridge and internal
heating through the walls of the core, within gaioel adhesion to the surface of the heating
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plates, the effects of flash pyrolysis have beehieaed, receiving up to 35% of oll
(hydrocarbons), 35% of biocarbon, 20% of steels@ad 10% of gas (mainly CO,,H
CH4! OZH61 C>3H8)

From one 6 kg weight tire an of average 2.2 lisesil fraction, 0.5 m of gas, 2.5 rh
of coal and 1 kg of scrap metal could be obtain@de two-hour cycle lasting about
consumes about 35 kWh of electricity [24]. Basedtltese and other data, guidelines for
the design of continuous installation, at a capaoft5000 Mg of tires a year, has been
specified and dimensions of its individual compdedrave been determined.

Biocarbon received at the temperature of 500-55@%Dires activation at about 800°C
in a special activator in order to transform ibittade activated carbon, binder, carrier for
catalysts or rubber filler.

However preliminary technological calculations raleel that the cost of heating
biocarbon to its activation temperature (about 8)0previously cooled to the temperature
of 550°C (the end of the pyrolysis process) toraperature below its flash point and its re-
cooling after activation process will be higherrthiacrease of its price after the activation.
This situation forced the development of the nehirdt version of tires recycling
technology.

Technology of continuous pyrolysis of whole tires

The concept of this technology implies that theopysis of whole tires, section of
received oil fractions (light, medium and heavy)ddiocarbon activation are implemented
in a single installation continuously, accordinghe model shown in Figure 7 [26].

. Fumes
Air 0il coolers ’ j
/
Water
3 / Air
Gas
Cooler Pyrolyzer Fumes 7 ERaeE
Tires
Feeder \ Light Oil
Heavy Oil
@ Water
’ cooler
Water Teir Air
cooler
Metal
Separator .
Weir

Active -
Sand I I
- biocarbon ”

Fig. 7.Scheme of continuously working pyrolysis instaflatfor waste tires recycling [13, 26]
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The process begins with placing tires one aftetttaranto the tray, from which they
are transported by the horizontal duct, throughhyydraulic lock (weir), into the pyrolyzer.
In the horizontal position, after the spin tiresvetical position, remaining air is removed,
tires are filled with liquid and washed from thendaThen the conveyor raises the next
lowest tire and pushes others upwards.

The next operation is drying the tires with theglysis gas flushed, and its heating
through the side walls and bottom of the pyrolymerthe temperature of 500-550°C.
A large heat transfer surface (through sides menabreeated by exhaust fumes, which are
in contact with the sides of the tire and the bafton which they are ongoing) together
with high temperature make the heating and pyrslgsbcess very quick. These conditions
are favourable to receive the maximum amount o&ed minimum emissions.

Three radiators, positioned in three areas of #mlitfy, have been designed for
continuous discharge of oil vapours. They condisivo concentric tubes: an outer (closed)
tube, and inner (the open one). The cooling watesupplied with outer tube, on surface of
which vertical wheel shape radiators are locatédc@hdensed on the radiators drips into
horizontal gutter. Heated water leaves the condewithin the inner tube and oil with
a hydraulic closure connector. Cooler nozzles acated at different heights in the three
sections of pyrolyzer for separation of differemactions of oil (light, medium, heavy).

Fraction, which has not been condensed, creatasg alith hydrogen, trace amounts
of carbon monoxide and dioxide and water vapoucpmbustible gas which comes out
through a hydraulic (water trap) nozzle lock, arithiw a compressor work, reaches the gas
tank. This gas after treatment is provided to potherfurnace or burners membranously
heating a pyrolyzer. Excess gas can be burneceiergine, connected to the generator and
used to produce electricity for technological pug®or for resale [26].

Summary

This paper presents an alternative possibility atemal recycling using a pyrolysis
process. Several identified biomass pyrolysis teldgies, which have been applied in the
world, can be adapted to Polish conditions. Sdrap tis a waste are a serious problem, and
their number rises year by year, so the improvemnoémhethods of their disposal is still
a problem. Car tires belong to a group of bulky teasnd their pyrolysis is now the
problem, especially due to the fact that largestioecupy a large space as to its weight,
which affects the cost of transport and pyrolysactor technology.

Analysis of existing technology solutions indicatibst they could be successfully
applied not only to the green biomass, but alsdhto dispose of car tires. The only
requirement that its operator would have to mest,the necessity of their early
fragmentation.

Presented Polish technology of pyrolysis, is basedusing the whole tires, which
significantly reduces the disposal costs of expenseurred for its grinding. It is worth
mentioning that the pyrolysis process is still lgeimproved, new technologies and new
companies are continuously introducing innovate&hhologies, which allows an optimistic
look in this field in the future.
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PIROLIZA OPON SAMOCHODOWYCH
JAKO ENERGETYCZNY RECYKLING BIOMASY

Katedra Aparatury i Maszynoznawstwa Chemicznegaj2iy Chemiczny, Politechnika Gatska

Abstrakt:  Artykut poswigcony jest opisowi recyklingu materialowego catyctpon samochodowych
z uwzgkdnieniem nowej metody procesu pirolitycznego, w iiynktérego produktem kmowym g: frakcje
oleju technicznego (plastyfikator mieszanek gumdwyoopatowego lub naplowego (lekkiego,sredniego
i cigzkiego), wegiel aktywny, gaz opalowy i zlom stalowy. Badaniachiowe i eksploatacyjne pilatawej
instalacji, sktadajcej st z trzech wktadéw wspotpracigych z jednym reaktorem pirolitycznym, wykazakg,
technologia ta jest mibwa do zastosowania, ale posiada jeszcze pewng inalddy zaréwno konstrukcyjne, jak
i technologiczne, ktérych zazwyczaj nie udaje shikma¢ w pierwszej probie opracowywania technologii.
W pracy opisano zachogtzze w wysokich temperaturach procesy pirolitycznéroniony zgtoszeniem
patentowym projekt prototypowej instalacji do reloy§u opon w sposéb sty oraz wskazano przyszie kierunki
bada w tym zakresie. W pracy opisano procesy pirolibezzachodze w pilotaowej instalacji oraz
opracowany, na podstawie uzyskanych wynikéw i zeyrh déwiadcze, projekt prototypowej instalacji do
recyklingu opon w sposéb agjty, ktory jest chroniony zgloszeniem patentowyma Kakdczenie wskazano
przyszte kierunki badaw tym zakresie.

Stowa kluczowe:cale zuyte opony, recykling materiatowy, utylizacja odpadé



