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ENVIRONMENTAL SAFETY TECHNOLOGY ON SCRAP TIRES TREATMENT

This article is devoted to the problem of scrap tires treatment. The appropriate technology of tires pyrolysis and
physical-chemical analysis of liquid hydrocarbons, which are usually obtained in the process of thermal destruction of
wagtes are considered. Main aim of this analysis is the comparison of liquid fraction characteristics with traditional fuels
(petral, diesdl, kerosene) in order to show that this pyrolysis product could be identified like an alternative motor fuel.
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I ntroduction Scrap tires as a sdgnificant capacity source

The question about alternative energy sources qfsraw materials

prior for most developed countries all over thémong all diversity of human life remains, scarp
World in the condition of crude oil deficiency andires and also other rubber products are considered
depletion of natural resources. as unique wastes: depending on waste management
There is one basic foundation tendency of worlgystem and used recycling technologies received
development, which envisages a gradug@econdary materials can be both in the form of
transformation of human activity character from theybber powder or energy carriers. Such varied
biggest fuel-energy resources consumer to effectiyRoperties of scrap tires become apparent thanks to
their producer [1]. their composition.

Basic advantage of renewable energy sources dfce automobile tire should be stand to extremely
concentrated in the assertion that their usingrlbes|oads, the tire consists of high quality materials
change an energetic balance of the planet and he(ggout 15 pcs.). Tread, side walls and rim plage ar
to solve global human goals in energetic angianufactured from the special rubber mixtures.
ecology. These facts explain why renewable energyion steel orand kevlar (synthetic fiber instezid

sources have a great development abroad and shqWe|) are used as a basic strengthener. Carcass
optimistic forecasts about their future implantatio basically consists of viscose silk or complete

In the nearest future, taking into account a lefel polyester, interior of rim place — from steel [3].

acuity problem, an at'tention of business CirCleE’rOYWhen tire is replaced from a wheel rime there are a
the whole world will be concentrated on th'ﬁ t of reasons why it can be turned into scrapstire

perspective economics segment. The gIObﬁ ished term of exploitation, worn tread, un-repai

character of ecological situation, alternative-les&amages or it was changed by a new one. And if a

rescue fro_m |mpendent caf[astrophe, a(_:tuallt¥|,ew tire has a fixed price, then scrap tire has no
necessary innovation make this sphere of indust

. : . . Wlue Unfortunately, this opinion is peculiar tosh
more attractive from the commercial point of view. ' '

Instead of greedy suck up of natural resourc if[)plﬁ. i luabl f Usef
thoughtless throw and production of numerous ually scrap tres are a vauable source of Uselu

wastes garbage a mankind is obliged to make gﬁcondary materials. And e_ffective tires recycling

actively changes of traditional energy carrier ll _prowde both _decreasmg of : anthropogenic

(completely or partially) by energy obtaine oading on_the environment and give a chance to
untraditional methods, including waste treatment, SHOrten using of primary natural resources due to
Waste treatment was recognized as an important paptained secondary materials. _

of energy-saving policy. All ways of energy SaVingi\lﬁ)onrenewable character of natural crude oil forces
foresee both implantations of technologies, whicly Use the secondary resources with maximal
increase an effectiveness of traditional energy u§iciency, that in place of waste stacks one stoul

and re-orientation of energy balance due to usfng 8€velop and inculcate the new sphere of industry —
alternative energy carriers after waste treatn@jnt [ commercial processing of amortized tires.
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World practice shows that scrap tires treatment Ehe second sector is symbolically called pyrolysis
able to provide the effective decision of the peobl sector, which is a heart of the present inventibis.
accumulation in economically advantageous waya. main instrument to transform UNNEEDED scrap
The most widespread methods of tires utilizatia atires into valuable secondary products - liquid
incineration with the purpose of obtaining energyydrocarbons and solid carbonaceous materials.
(most popular is incineration of tires in cementhis sector consists of two well-sealed reactors,
stoves), pyrolysis under low or high temperaturghere the procedure of pyrolyse takes place, erect
obtaining distillate, rubber crumb and powdergondenser to convert a pyrolytic gas into liquidlfu
which are used for making polymeric mixtures angeservoirs to collect the liquid fuel and gas, and
construction materials. Each of the mentionegondensing columns to make a re - condensation of
methods is rather actual depending on the ultimagge rest of gases.

goal of utilization, inasmuch as every metho@sing two well-sealed reactors is not an idle idea,
implies obtaining different products. this solution was significantly grounded on the
A particularly desirable way to dispose used tiges principle of energy saving.

recovery of hydrocarbons and carbonaceoys,ergy saving principle implies usage of rest megti
materials from them. To all appearance thgom first reactor to heat the second one. It means
hydrocarbons may be use as fuel source replacifgy it is necessary to waste less energy to heat t
expensive light oil products. _second reactor (according to calculated datayisa
To extract secondary oil products from scrap tir out 30% of energy).

dlfferen.t pyronS|s systems are cqmmonly use eparately the temperature of the pyrolysis process

Pyrolysis is a well known process with a number hould be marked

g'ﬁerﬁm i termz, tlnct!udlngd_ t'ﬁl i gas'ft'ﬁatlon’lMoreover, temperature influences the quantity of

evoltizaton, —destructive  distifiation, erma Rroducts obtained. This technology is based on a

depolymerization, thermal cracking, carbonization . . ; .
grlnuple of low temperature pyrolyse which is

and coking [3]. Under the influence of temperatur h . . T .
. racterized by maximum output of liquid and solid
at the absence of oxygen scrap tires are separa?e&l

into solid, liquid and gas substances. At that Ion'orOdUCtS with minimal quantity of pyrolytic gas tha

. ; . as a maximal calorific value.
polymeric links are changed into hydrogeQNe” sealed reactors exclude any extra limited
molecular parts. y

emissions into atmosphere.
Environmentally safety technology The third sector is final. It is assigned to traaolid
on pyrolysisof scrap tires rest, which is rich in carbon black, and also scrap

There are a lot of different systems and technetgimetal- _ _

for utilization of scrap tires by pyrolysis methgdll ~ Including apparatus to treat a solid rest it allows
of them are different by structure of processingdi, excluding secondary wastes as a whole turn all
but all of them have a same goal: to obtain a diquiProducts into obtaining maximal quantity —of
fuel, carbonaceous materials and gas [4]. secondary valuable goods.

Pyro|yse System, which was used for producing t[@art of eCOIOgicaI Constituent, finish sector iral
investigated liquid hydrocarbon fraction, has beegpurce of additional money, as carbon black, which
taken into consideration because of maniy? finally obtained, is of high demand in the marke
disadvantages of the previous developed pyroly§earbon black is widely used in roof coating, asphal
processes and apparatus, and also has otly-pressure hoses such as those used in the
numerous advantages that will be apparent to thogetomobile industry, paints as fillers and as bogdi
skilled in the art. agents, plastics as fillers and as bonding agetks,
Broadly, the process of the presented systewaste treatment filters, off road tires and marine
produces liquid and gaseous hydrocarbons froowating for use on docs, bridges, boats, etc [5].
rubber under the influence of certain temperatuienergetic capacity of the considered technology on
and pressure. It includes three principal sectorscrap tires treatment can be achieved 85-90 % of
preparation, pyrolyse and finish sectors. ready-to-use energy carriers: liquid hydrocarbons
A preparation sector implies a previous treatmént ¢gaprox. 40 %), gas (aprox.20 %) and solid rest
scrap tires before the procedure of pyrolysis. (aprox. 35 %).
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Using of pyrolytic gas doesn’t differ from the ugin Physical-chemical characteristics of obtained
methods for traditional natural gas: part of oledin product have important meaning in correlation sf it
gas is used for production needs, and the rest —demposition and marketable properties. They are
direct consumers. Calorific value is about 27 MJ\kgdensity, viscosity, ignition point, temperature of
Solid carbonaceous rest can be used like spjidification and also fractional composition.
qua”tative substitute of natural coal. It ConSiSfS Density belongs to most Spread investigated
carbon (~ 80 %), soot (10-15 %) and sulphur (3 %}arameter for oil and oil products. Its value defsen
Calorific value is about_29 MJ\kg. I_ts widely used,, many factors: chemical nature of compounds,
as a fuel element for kilns and boilers, sorbemt 9.5 ctional composition, and quantity of tarry magte
filtration of sewage from industrials or solldOr solved gases, etc. Using density value it is
i’govc_edfuerll. d b identified ik possible to make an approximate conception about
lquid hydrocarbons are identifie K€ .ancomposition of analyzing product as this value
alternative motor fuel according to physical- ttars from one to another t crude oil 16
chemical characteristics. Given alternative ener group of crude oil [ ]'.
carrier is a perspective substitute of oil fuels,eSted samples (SAMP.LE 1 and SAMPLE 2.’ which
obtained by traditional methods. was _took away from d!fferent lots) hgd a dlffere'nt
It looks like an oily liquid with dark-brown coland density value. It confirms that during pyrolysis
character oil odor. Calorific value is about 39 kgJ\ Process there was a disruption of technological
This value (and also many others) testify abofiguirements. That's why it is necessary to
proximity of this pyrolysis secondary product td oilnvestigate the most appropriate technological
derivatives: calorific value of oil is about 41 Mgland conditions to obtain a maximum quantity of valuable
calorific value of petrol is about 42 MJ\kg. light products. In the SAMPLE 2, which has lower
Without any chemical-technological treatments thigensity, it was allowed to obtain higher quantify o
liquid fraction can be recommended to use instéad light oils (aprox. 8 %4).
natural gas on boiler plants. Also it should beedot All results are given in the tab. 1.
that according to the calorific value, 1 kg of this\s a recommendation, it is necessary to test a
liquid hydrocarbons equals to 1,88 af natural gas. density for every lot with the aerometer to be sure
Analysis of physical-chemical characterigtics aPout quality of product. o
of pyrolysisliquid hydrocarbons Like other character|§t|cs, oil V|§903|ty is clgsel
connected with chemical composition of product. It

To identify that liquid hydrocarbon can be used 38 determined by forces of intermolecular
an alternative motor fuel there were done a sefies;

_ L ) =~ interaction, with the increasing of which a vis¢psi

laboratory investigations to determine physicak, raases too.

chemical characteristics of liquid fraction alnG{/iscosity is changed within a wide limits (from 8,9

gg;?piﬁred \tN'th ttr:adltlor_]al oil tfufelsh Al tetstls Wetret? 265,90 mrs), and is defined by fractional
ying out on the equipment of chemmotology e%omposition and temperature [7].

center at the National Aviation University (Ukrajne . " . :

Taking into account that composition structure oW'thm the cl)abora_tory ‘?"'SCOS'W was tested aPQO.

investigated liquid fraction is similar to compaait ano_l_100 C. Vlsco_sny val_ue of SAMPLE 2. IS

of crude oil, that's why it could be investigateg b Verified that there is a higher content of light

the same methods. Close authentication allows tH&Ctons in comparison with the fist one tab. 1.

comparing of this fraction with oil derivative. Ignition point is also important value for any fuel

Hydrocarbon fraction of scrap tires pyrolysis ifroduct, as it is determines a minimal temperature,

enough complex mixture with variable compositiont Which oil vapors form with air a mixture. In tur

its composition and properties can be changed undBis mixture is able to make a short-time flaméhat

the following conditions: presence of outer fire or spark. This charactewsho

- if during the pyrolysis process all necessarfemperature at which oil product becomes

conditions (temperature regime and pressure) wdardlammable [8].

not controlled and changed arbitrary; Regarding to tested samples, the ignition point was

- if a storage conditions are not constant. determined in a closed crucible. SAMPLE 1 showed

Properties of secondary products also depend @n tignition point about -4C while SAMPLE 2..:17 <.

manufactures and their rubber mixtures secrets. Bgich impassive difference is the evidence about

this fact is negligible small, therefore it's igear different content of light fractions.
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Table 1
Physical-chemical properties of liquid hydrocarbons
Parameter SAMPLE 1 SAMPLE 2 Test methods

Density at 20€C, kg/n? 928 882 GOST 3900 - 85
Viscosity kinematics, mft s

at20€ 8,40 1,85 GOST 33 -2000

at100€ 1,39 - GOST 33 - 2000
Ignition point in closed crucible(® -4 - GOST 4333-72
Solidification temperature(®® -29 -65 GOST 20 287-91
Water content, % 0,1 15 GOST 24 77-65
Sulphur content, % 1,65 - GOST 19121
Fractional composition(® GOST 2177-99

Tk, 71 73 GOST 2177-99

10 % 166 117 GOST 2177-99

50 % 284,5 182 GOST 2177-99

76 % 355 - GOST 2177-99

80 % - 338 GOST 2177-99

86 % - 357 GOST 2177-99

T 355 357 GOST 2177-99
General volume of distillation, ml 76 88 GOST 2177-99
Rest at retort, ml 18 11 GOST 2177-99
Loss, % 2 1 GOST 2177-99

At the lowering of temperature a part of oilWater is a mineral addition in the oils; its presefs
components is become more viscous and slowAwanted in any oil product according to techmcains.
moving. This property noticeably complicates ar:}{‘l the process of cooling, ice crystals which stpguel
marketable-transport operations and exploitatiofters are formed; in the process of heating awayich

under temperatures. It is called as solidificatiolf@ds to explosion is formed. That's why water &as
temperature [9]. complicated oil treatment and a negative influeooe

Solidification temperature for the first sample whin unctional properties of oil products [11]. L
—29°C, at that time for second sample it wes @ Water presence in the tested samples is unstaiuator:

Fractional analysis is an important value in ediona during storing of this pyrolysis product the waaantity

. : . is increasing. Laboratory tests showed not a gvasdr
of oil quality. At the atmospheric pressure angontent, however it's necessary to use a stalsilizer

temperature increasing there is evaporation o@reifft prevent a water formation.
individual hydrocarbons — fractions, every of whish Regarding to sulphur content it's a main heteroetgm
boiled away at the certain temperature intervajhich is present in the oil products, its conceiuma
Fractions, which boil away under 350 ° C are caled can changed from hundreds percents to 6-8 %, in
light distillates [10]. some cases to 9 % or even 14 %.
In the tab. 2 below a boiling temperatures, at WhidUnfortunately, the investigated samples showed ginou
a traditionally accepted oil fractions boil awaye arhigh sulphur percent, that's why it's recommended t
undicated: clean any pyrolysis products from suplhur by thevim
Table2 chemical-technological methods [12].

So, realized analysis showed that there is no atenpl

Generally accepted oil fraction coincidence of liquid fraction with the properties

Fraction Temperature boilingg°| traditional motor fuels, but approaching to the
Petrol 35-205 parameters of oil products make these liquid
Fuel for reactive engines 120-315 hydrocarbons a perspective to use like a syntivettor
Diesel fuel 180-260 fuel in the conditon of additional chemical-
Gas-oil 230-360 technological treatment to the existing parameters.
Black oil < 350 Taking into account an ecological, economics and

energetic rectangular components of the pyrolysis

Fractional composition determination of the samplgsocess and obtain of synthetic energy carrietsdiq
showed that they differ by the different contentl amydrocarbons will stay a valuable kind of non-oil
volume of fraction. All results are reflected oa thb. 1. fuel today and in the nearest future it will leave
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