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USING TWO-DIMENSIONAL GAS CHROMATOGRAPHY
WITH MSD TO DETERMINE THE COMPOSITION
OF WASTE TIRE PYROLYSIS PRODUCTS
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The method of two-dimensional gas chromatography coupled with mass-spectrometry detection has been used for de-
termination of pyrolysis liquid which is a mixture of waste tire pyrolysis products. Six and a half thousand organic compounds
have been identified: saturated, unsaturated, and aromatic hydrocarbons, as well as derivatives of thiophene, and cyclic
amino-compounds. The pyrolysis liquid is similar to the diesel fuel by its composition and can be used as alternative fuel.
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Nowadays, waste disposal is one of pressing
problems. New technologies allow us to use waste
as a raw material for industry. This helps preserve
purity and safety of environment. Thermal de-
composition (pyrolysis) holds a prominent place
among the technologies of organic material recy-
cling. This waste also includes the used and un-
suitable road tires. Thanks to the intensive devel-
opment of road transport the amount of tires to
be disposed increases. The old tires pollute the
environment, are characterized by high resistance
to decomposition under the natural conditions,
and can be stored for an indefinitely long period,
which. Therefore, the development of technolo-
gies for processing the used tires is a key issue.
One of the effective ways of disposing the tires is
their pyrolysis.

The schematic diagram of pyrolysis unit is showed
in Fig. 1. It includes a reactor for thermal decompo-
sition, a reactor heating system, a pipeline for waste
gases, and a tank for their accumulation.
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When heating the reactor up to 400—600 °C
the shredded tires undergo pyrolytic decomposi-
tion. This decomposition is associated with re-
lease of a large volume of gaseous substances, as
well as with creation of the liquid fraction, a py-
rolysis liquid, and the solid residue (pyrocarbon)
which is a carbon with adsorbed organic matter.
The gases generated during pyrolysis are used as
a fuel; some of them are used to heat the reactor.
The pyrolysis fluid is also used as an alternative
fuel. However, for a final decision on the possible
areas of its application and safety it is necessary
to determine its composition.

This task is quite difficult inasmuch as the py-
rolysis fluid is a complex mixture of thermal de-
composition products. To identify them it is nec-
essary to separate these compounds. The adequate
and nearly exclusive method required for this
resolution is two-dimensional gas chromatogra-
phy. The method is based on the fact that the ana-
lyzed substance is separated in the long nonpolar
capillary column, and then enters the short polar
capillary column where the compounds which
have not been divided in the first column are fi-
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nally separated. Identification of individual com-
pounds is conducted using the mass-spectrome-
try detection technique.

THE EXPERIMENT

The Pegasus 4D system for two-dimensional gas
chromatography manufactured by LECO is used
for the study. The system includes an Agilent 6890
GC gas chromatograph with a BPX-5 non-polar
capillary column (30 m x 0.25 mm x 0.25 m), a
BPX-50 polar column (1.7 m x 0.1mm x 0.1 mm),
a cryoscopic modulator, and a time-of-flight mass
spectrometer. The chromatograph injector tem-
perature is 340 °C; the stream flow separation is 1 :
200. The program for changing the temperature of
thermostat columns includes heating up to 70 °C
(during 1 minute) followed by raising the temper-
ature at a rate of 5 °C/min up to 330 °C (during 10
minutes); the carrier gas is helium. The mass spec-
troscopic study was performed by electron impact
ionization with ionization energy of 70 eV. The
ChromaTOF software based on deconvolution al-
gorithm was used to process the data [1].

DISCUSSION OF RESEARCH RESULTS

More than 6500 substances have been identi-
fied on the chromatogram (Fig. 2) obtained as a
result of research. These substances are placed in
the order determined by their molecular weight
during the passage through the first non-polar
column and by volatility of these substances and
their polar properties during the separation in
the second polar column (Fig. 3).

The volatile substances with low molecular
weights move faster and are placed in the lower left
corner of chromatogram. As the molecular weight
and polarity increase, the organic compounds shift
to the top right corner of chromatogram. According
to the above, in the bottom of chromatogram there
are located saturated and unsaturated hydrocar-
bons. Among them, there are diene hydrocarbons
because of the structure of rubber decomposed.
Above this area, there are a lot of monoaromatic
compounds (benzene, thiophene, and their deriva-
tives); higher, there are located the diaromatic
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Fig. 1. Schematic diagram of installation for pyrolysis of
tires

Fig. 3. GC x GC chromatogram of pyrolysis mixture. Location
of compounds

agents (derivatives of naphthalene, benzofuran,
benzothiophene, benzothiazole, indole, and quino-
line). At the top of chromatograms, there are three
zones (derivatives of anthracene, phenanthrene,
fluorene, dibenzofuran, and dibenzothiaphene) and
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Fig. 4. 3D GX x GX chromatogram of pyrolysis mixture

Fig. 5. GX x GX of diesel fuel [2]

tetraaromatic compounds (derivatives of pyrene
and benzanthracene).

Fig. 4 shows the 3D chromatograph where the
intensity of peaks in the lower right portion is
much greater than in the upper right one. This
means that the major part of pyrolysis mixture is
low molecular weight volatile fractions which ba-
sically determine the properties of pyrolysis mix-
ture as an alternative fuel.

In addition to hydrocarbons the pyrolysis fluid
contains many compounds to which atoms of nitro-
gen, sulfur, and halogens are included. The nitrogen
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compounds are organic amines, nitrosobis com-
pounds, heterocyclic compounds, as well as deriva-
tives of pyridine, indole, quinoline, and acridine.

The sulfur compounds mainly are derivatives
of thiophene (monoaromatic compounds) and
dibenzothiophene (traromatic compounds). The
mixture contains a small amount of halogen-con-
taining compounds, mainly in the form of deriva-
tives of monoaromatic hydrocarbons.

Thus, the pyrolysis liquid formed by tire ther-
mal decomposition is a complex mixture of or-
ganic compounds, chiefly hydrocarbons. The
composition of this mixture is similar to that of
the petroleum products, in particular, the diesel
fuel (Fig. 5).

In the two-dimensional chromatogram of die-
sel fuel the organic compounds are placed in ac-
cordance with the above-described principle. The
normal alkanes in the form of strips are located in
the bottom part of chromatogram. Further, the
compounds are located from the bottom upwards
as follows: the aromatic group (derivatives of
benzene and thiophene); the group of naphtha-
lene, indene, and benzothiophene compounds;
the triaromatic group (derivatives of fluorene
and dibenzofuran). In the upper right area, there
are located phenanthrene derivatives and diben-
zothiophene.

Due to the fact that the composition of pyroly-
sis liquid formed as a result of tire thermal de-
composition is similar to that of petroleum, the
use of pyrolysis mixture as an alternative fuel is
sufficiently justified.
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NCITIOJIb3OBAHUE JIBYXMEPHOU
TA30BOII XPOMATOTPAO U
C MACC-CIIEKTPOMETPUYECKNM
JAETEKTUPOBAHUEM JJIA OIIPEAEJTEHNA
COCTABA ITPOAYKTOB ITNPOJIN3A
C OTPABOTAHHBIX ABTOMOBMJIbHBIX HINH

MeTton aByxMepHOI ra3oBoil XxpoMmarorpaduu B codeTa-
HUU C MaCC-CIEKTPOMETPUYECKUM JIETEKTUPOBAHUEM HCIIO-
JIb30BaH /11 OTIPe/Ie/IeHUS ITMPOJIU3HOM JKUIKOCTH — CMECH
MIPOAYKTOB IIHPOJIN3a OTPAbOTAHHBIX ABTOMOOUIBHBIX IITHH.
Nnentudunmposansr 0kosio 6500 opraHMYecKuX CoeHe-
HUI: HACBITIEHHBIX, HEHACHIIIIEHHBIX, aDOMATHYECKUX yTJIe-
BOJIOPO/IOB, TTPOUBBO/IHBIX TUO(hEHA, IIMKINYECKIX aMUHO-
coemmaenui. [To comepskanuio coeiuHeHUT THPOJU3HAS KT
KOCTb OJIM3Ka K AU3€JIbHOMY TOILIMBY U MOKET MCIOJIb30-
BaTbCs B KAUECTBE AJTBTEPHATUBHOTO TOTLIUBA.

Knroueevie cnoea: nByxmepHasi Ta3oBasi XpoMarorpa-
(us1, Macc-crieKTpoMeTpus, TTMPOJIN3, ABTOIIUHBIL
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JIBOMIPHOI TA30BOT
XPOMATOTPA®DIT 3 MAC-CIITEKTPOMETPUYHUM
JETEKTYBAHHAM JJIAd BUSHAYEHHSA
CKJIIAZLY ITPOAYKTIB IITPOJII3Y
3 BIAITPAITbOBAHUX
ABTOMOBUIbHUX IINH

Merton aBomipHOi razoBoi xpomarorpadii B oesHaHHi 3
Mac-CHEeKTPOMETPUYHUM JIETCKTYBAHHSIM BUKOPUCTAHO TS
BU3HAUEHHS CKJIQ/Ly MIPOJI3HOI PIIMHU — CYMillli TPOJYKTIB
MipoJIi3y BiAMpaIbOBaHUX aBTOMOOLIBHUX IHH. IneHTudi-
KoBaHO 6;13bK0 6500 OpraHiyHUX CIOJIYK: HACHYCHUX, He-
HAaCUYEeHNX, APOMATUYHUX BYTJIEBOIHIB, TTIOXiJHUX TioheHy,
IUKJIIYHUX aMiHOCIIOJIYK. 3a BMiCTOM CIIOJIYK TipoJli3Ha Pi-
JuHa 6JIM3bKa 10 JAU3€JIbHOTO [AJIMBa i MOXKE BUKOPUCTOBY-
BaTHUCh SIK AJIBTEPHATUBHE MAJIIBO.

Knwouosi crosa: nBomipaa razoBa xpomaTorpadis, Mac-
CIIEKTPOMETPisl, MiPoJIi3, aBTOMOOIIBHI IIUHU.
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