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Impact of Fuel Composition on the Emission of Regulated
Pollutants and Specific Hydrocarbons from a SI Engine
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Abstract

A spark ignition engine is used to determine the influence of fuel
composition on the exhaust emissions of regulated pollutants and
specific hydrocarbons. Two specific fuel matrixes are used: the first
contains eight hydrocarbons and the second also four oxygenated
compounds. Fuel aromatics increase the exhaust CO, HC and NOx.
The addition of oxygenated compounds can decrease exhaust CO,
HC and NOx up to 30%, 50% and 60% respectively. Under these
conditions, the addition of 5% of 2-propanol is the most effective
for the reduction of CO, the addition of 20% of ethanol for the
reduction of HC and this of 5% of methyl-tri-butyl-ester (MTBE)
for the NOx. The influence of fuel composition on the emission
of more than 20 individual hydrocarbons is also presented. The

emissions of all HC generally decrease with the addition of

oxygenated compounds, except sometimes in the case of methane,
ethane, ethylene, propylene, isobutene and cyclohexane, which
increase. The percentages of these HC in the exhaust gas of the
commercial fuel are calculated. Several models correlating the
exhaust concentration of these pollutants with the fuel composition
are also presented.

1. INTRODUCTION

Fuel composition is one of the major parameters for the
gas concentrations of exhaust pollutants of spark ignition
engines. The correlations between fuel composition and
exhaust concentration of the three regulated pollutants,
CO, HC and NOx, are presented in some articles [1, 2,
3], but most of these authors look for the correlations
between families of fuel components (paraffins, olefins,
aromatics,...) and exhaust pollutants. Even if in some
cases the correlations between some fuel components and
some pollutants are studied [2] the detailed correlations
between each fuel component and each exhaust regulated
pollutant or individual hydrocarbons are not presented
yet. The addition of oxygenated compounds into gasoline
is also proposed to decrease exhaust emissions. The main
oxygenated compounds studied are methanol [4], ethanol [4,
5] and MTBE [6]. The addition of oxygenated compounds,
as ethanol, produced from renewable biological sources,
can also decrease the emission of carbon dioxide, which is
considered today as one of the factors for the global climate
changes. Even if the addition of oxygenated compounds
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decreases generally the CO and HC emissions, it is not
certain that the air quality improves. In one study, an
increasing air quality, for CO, HC and NOx, is observed
after the introduction or increase of oxygenate content [7],
in another one, atmospheric NOx does not change [8]. The
addition of oxygenated compounds increases the exhaust
emission of other non-regulated pollutants. For example, the
addition of methanol increases exhaust formaldehyde and
that of ethanol increases exhaust acetaldehyde emissions
[5, 9], which are more reactive in the atmosphere than their
parent alcohols [10]. The addition of oxygenated compounds
also increases the exhaust emission of organic acids [9].

This paper presents the influence of fuel on the emission
of regulated pollutants and individual hydrocarbons from
a SI engine. Two specific fuel matrixes containing eight
hydrocarbons and four oxygenated compounds are used
for this study. A comparison of the oxygenated fuels
performance is also presented. Based on the obtained results,
some models correlating the exhaust pollutants with the fuel
composition are constructed.

2. EXPERIMENTAL SECTION

A Cooperative Fuel Research Committee (CFR) spark
ignition engine was used for these tests. This engine is a
small monocylinder engine (displacement: 611 cm?, bore:
8.255 cm, stroke: 11.43 cm) used for the octane number
determination. Stoichiometric conditions were used for
these tests (A is determined from the exhaust gas analysis,
using five gases: CO,, CO, HC, NOx and O,) and all other
engine parameters were kept constant (speed: 900 min™,
compression ratio: 6:1, indicated mean effective pressure: 4.5
10° Pa). Modern engines emit lower pollutant concentrations
than the CFR engine, but this one allows the determination
of the most important correlations between fuel composition
and exhaust emissions of regulated pollutants and HC. It is
known that catalytic converter has not the same oxidation
efficiency for each pollutant [11] and as the subject of this
work was to find out the above correlations, no catalytic
converter was used.

Two fuel matrixes were adopted in this study. The
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first one (synthetic fuels matrix, table 1) contains eight
hydrocarbons: n-hexane, 1-hexene, cyclohexane, n-octane,
isooctane (2,2,4-trimethylpentane), toluene, o-xylene, and
ethyl-benzene (ETB), while the second one (oxygenated
fuels matrix, table 2) contains also four oxygenated
compounds: methanol, ethanol, 2-propanol, and MTBE.
An experimental design, specially adapted for mixtures, is
used to determine each component quantity in the blend of
synthetic fuels [12]. To avoid a high dispersion in physical
properties of the fuels used, an alkylate, containing basically
isooctane but also 1.5% of benzene, was used as the base
fuel for these blends. The reference fuel R contains an equal
content of each of the eight compounds, while the other fuels
contain 42% of a major component. The oxygenated matrix
was obtained by the addition of 5% or 20% of one of the four
oxygenated compounds to the fuel R. Two simple fuels were
also used: iC8p, which is pure isooctane and iC8T, which is a
mixture of 80% of isooctane and 20% of toluene. These fuels
allow the study of the addition of an aromatic component to
an alkylate basis. Finally, a commercial gasoline was also
tested. The chemical composition and physical properties
of these fuels are quite different of the commercial ones,
but these matrixes allow the study of the influence of the
fuels chemical composition on the emission of regulated
pollutants. CO, HC and NOx emissions are not measured
in the case of the commercial fuel. More details about these

fuels are presented elsewhere [9].

CO was analyzed by non-dispersed IR, nitrogen oxides
by chemiluminescence and total HC by a FID. Exhaust
individual HC were analyzed on line by GC/FID. A
standard solution containing 25 hydrocarbons (methane,
ethane, ethylene, propane, propylene, acetylene, isobutane,
1-butene, cis-2-butene, isobutene, trans-2-butene, butane,
isopentane, pentane, 1,3 butadiene, cyclohexane, hexane, 1-
hexene, benzene, isooctane, octane, toluene, ethylbenzene,
o-xylene, isopropylbenzene) was used for the chromatograph
calibration and for the identification of each hydrocarbon.
This method allows a good separation of the C, to C,
compounds with no interference. The detailed conditions are
presented elsewhere [9].

Five identical points of the fuel R were used to evaluate
the repeatability of the engine and the analytical method. All
tests were doubled and average values were used. The CO,
HC and NOx relative standard deviation (rsd) is 3.5, 8.5 and
12.5% respectively, while it is less than 20% for most of the
HC detected (the rsd exceeds 20% only in one case).

A quantitative model relating the exhaust concentration
(in ppmv) with the contents of the fuel components (in %
of volume) is searched for each pollutant: Exhaust Pollutant
= a Fuel Componentl + b Fuel Component2 +.... Using all
experimental points, the 7%, a and b of the lines «Predicted
Values» = a «Experimental Values» + b are estimated.

C6 Cé6= CCé6 C8 IC8 T 0-X ETB R
Hexane 42 2 2 2 2 2 7
1-hexene 2 42 2 2 2 2 7
cyclohexane |2 2 42 2 2 2 7
n-octane 2 2 2 42 2 2 2 7
Isooctane 2 2 2 2 2 2 7
toluene 2 2 2 42 2 2 7
o-xylene 2 2 2 42 2 7
ETB 2 2 2 2 42 7
alkylate 44 44 44 44 44 44 44 44 44
RON 63.7 83.7 88.7 43.6 93.8 101.3 96.6 100 85.2

Table 1: Chemical analysis and octane number of the synthetic fuel matrix (% vol).
Iivoxoag 1: Xnuikh avéiven kot apiBuog oxtaviwv e oovOetikis uimpos kavoiuwy (% kot’ 0yko).

M5 E5 1P5 MTBES | M20 E20 P20 MTBE20
Methanol 5 - - - 20 - - -
Ethanol - 5 - - - 20 - -
Isopropanol | - - 5 - - - 20 -
MTBE - - - 5 - - - 20
Fuel R 95 95 95 95 80 80 80 80
RON 89.4 90.4 87.5 86.8 98.6 97.4 96.6 93.1

Table 2: Chemical analysis and octane number of the oxygenated fuel matrix (% vol).

Iivaxag 2: Xnukn avalvon kot opt@uog oktoviov e oloyovausvis untpag kovoiuwy (% kot’ oyko).
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3. RESULTS AND DISCUSSION

3.1. Emissions of regulated pollutants from synthetic
fuels

Aromatics [1, 2] and octane enhance exhaust CO, while
isooctane, 1-hexene, n-hexane and cyclohexane decrease
it (figure 1). Other authors present a smaller difference by
the increase of aromatic content on the CO emissions on
the European driving cycle [13]. The emission of exhaust
hydrocarbons is enhanced by fuel aromatics [1, 2] except
ETB, and decreased by all other fuel components (figure 1).
Another author presents a smaller influence on exhaust HC by
the increase of aromatic fuel content on the European driving
cycle [13]. Hexane, toluene, o-xylene and ethylbenzene
enhance very slightly exhaust NOx (figure 1) [1, 2, 13],
while the lowest concentrations come from 1-hexene. The
exhaust temperature of aromatic fuels is higher than that of
the other fuels, so NOx emission is higher [14]. For the three
pollutants, aromatics increase exhaust emissions while 1-
hexene and cyclohexane produce the less ones.

2000 —

HC (ppmv) NOx (ppmv)

CO (%)

Figure 1: Exhaust concentration of CO, HC and NOx.
2y 1: Xoyrévipwon CO, HC ka1 NOx oto. kavoaépia.

3.2. Emissions of regulated pollutants from oxygenated
fuels

Figure 1 shows that CO emission decreases 2.5-5% due
to the addition of oxygenated compounds into fuel R [4],
with no significant differences between M5 and M20 fuels.
The addition of 5 or 20% of ethanol decreases exhaust CO by
20% [4, 15]. In the case of P5 fuel, the addition of 2-propanol
decreases exhaust CO by 28%, against 8% in the case of the
P20 one [4]. The addition of MTBE decreases slightly the
emission of CO (less than 8%, [1, 4]). Literature presents
that a significant decrease of exhaust CO from the addition of
MTBE occurs only under high engine loads [6]. Comparing
these four oxygenated compounds, the most effective fuel
is P5 with a decrease of 28%, followed by E5 (-20%),
while the addition of methanol or MTBE decreases exhaust
CO very slightly. The decrease of exhaust CO due to the
addition of oxygenated compounds is more important than
the percentage of this compound in the fuel. This statement
indicates that the decrease of exhaust CO comes not only
because of a dilution of the fuel, but also that the addition of
oxygenated compounds enhances the combustion of CO in
the cylinder or during the post-combustion processes.

Exhaust HC decreases up to 18% by the addition of 5%
of methanol and 29% using the M20 fuel (figure 1) [4]. The
addition of ethanol, decreases exhaust HC by 12% and 48%
respectively for the £5 and E20 fuels [3, 4, 15]. The addition
of 2-propanol has a small effect on exhaust HC: a decrease
of only 6% [4]. The addition of MTBE decreases exhaust
HC by 20% and 12% respectively for the MTBES5 and
MTBE?20 fuels [1, 3, 4]. Literature presents that a significant
decrease of exhaust HC from the addition of MTBE occurs
only under high engine loads [6]. The most effective fuel for
the decrease of exhaust HC is E20, which decreases them
almost by 50%, followed by M20 with a decrease of 30%.
The decrease of exhaust HC is more than 5% in the case of
low content oxygenated fuels, indicating that the addition
of an oxygenated compound enhances the combustion of
HC or their post-oxidation. This is not always the case
concerning the addition of 20% of an oxygenated compound.
The addition of methanol or ethanol generally decreases
exhaust HC more than 20% while this of 2-propanol or
MTBE decreases them less, indicating that only the first two
oxygenated compounds enhance the combustion of HC.

The addition of, 5 or 20% of methanol decreases exhaust
NOx by 18% and 7% respectively (figure 1) [4]. The addition
of 5% or 20% of ethanol decreases exhaust NOx by 22%
and 19 % respectively [3, 4]. The addition of 2-propanol
decreases exhaust NOx by 31% in the case of P5 fuel, while
it increases them by 17% in the case of the P20 one [4]. The
addition of 5% or 20% of MTBE decreases exhaust NOx
by 60% and 18% respectively. Literature presents scattered
results. In a case, the use of a MTBE 15 fuel decreases exhaust
NOx by of 7-12% [16]; in another, the addition of MTBE
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does not decrease significantly NOx emissions [3]; in a third
one, an increase is even obtained [4]. These differences can
be explained by the different techniques used for the precise
determination of A. Generally, the addition of 5% of one of
the four oxygenated compounds decreases exhaust NOx
more than the addition of 20% (except for the addition of
ethanol, where the decrease is about the same). Among the
four low content oxygenated fuels used, the most effective
one for the decrease of NOx is MTBES (59%), followed by
P5 (31%), ES5 (22%) and M5 (around 18%).

The above results show that the use of an oxygenated
fuel must take into account the global decrease of the three
pollutants; the most effective fuel for the CO reduction is P35,
while £20 is for HC and MTBE5 for NOx.

3.3. Models

The linear models are not very good in the case of CO,
HC and NOx emissions. Their 7* are very low (less than
0.7), indicating than the correlations between the exhaust
concentrations of regulated pollutants and fuel composition
are not linear. The links between exhaust concentration and
physical properties of the fuels (octane number, distillation
curves, ...) were also tested, but the obtained results were
also poor.

3.4. Emission of individual HC

Methane is clearly enhanced by o-xylene, isooctane
and n-hexane (figure 2), while all other fuel components
decrease it. Fuel iC8T emits less methane than iCS8,
indicating that toluene produces less methane than
isooctane. The addition of the four oxygenated compounds
generally increases the emission of this pollutant [8, 17].
Two explanations can be given: oxygenated compounds
produce more methane than the fuel components they
replace, or, as they enhance the oxidation of heavier
hydrocarbons, they facilitate the production of methane,
which is near the end of the combustion process, just before
the CO formation. No clear tendency can be observed
between the high and low oxygenated content fuels. The
commercial fuel emits about the same concentration as fuel
R. Ethane is clearly enhanced by the three straight chain
hydrocarbons used (hexane, 1-hexene, octane), but also
by cyclohexane (figure 2). This pollutant is not detected in
the exhaust gas of pure isooctane or isooctane/toluene. The
low content oxygenated fuels generally increase its exhaust
concentration, while the high-oxygenated content ones
generally decrease it. Ethanol blended fuels don’t increase
exhaust ethane, indicating that ethanol is rather oxidized to
other products than to ethane. Commercial fuel emits less
ethane than fuel R due to the lower content of straight chain
hydrocarbons. As methane and ethane are the final products

of a series of reactions, their exhaust concentration is not
directly linked with the fuel composition and no such
model is found.

Straight chain hydrocarbons (octane, hexane and 1-
hexene) are the fuel compounds enhancing the most the
formation of ethylene (figure 2) [2], due to the C, radicals
formed from B-scissions. Cyclohexane and isooctane also
enhance its formation [18]. The addition of toluene to pure
isooctane decreases the concentration of ethylene, but less
than 20%, indicating that it enhances slightly the formation
of this pollutant [18]. The addition of methanol, ethanol and
MTBE decreases the concentration of ethylene [8, 15], but
this of 2-propanol increases it. Commercial fuel produces
more ethylene than fuel R, due to a balance between
straight chain and aromatic hydrocarbons between the two
fuels. According to the ethylene model, the majority of this
pollutant comes from fuel octane (25.3%), hexane (19.6%),
1-hexene (18.2%) and cyclohexane (15.3%), followed
by isooctane, ETB, 2-propanol and o-xylene (table 3). In
accordance with the previous remarks, the main sources of
ethylene are the straight chain hydrocarbons.

Figure 2 shows that, as all fuels emit comparable
concentrations, exhaust acetylene comes from almost all
fuel components or from a component of the alkylate, like
benzene. Toluene produces less acetylene than alkanes
or alkenes, and its addition to pure isooctane decreases
its exhaust concentration. Literature presents that this
pollutant is produced from fuel aromatics [8]. Straight
chain hydrocarbons produce more acetylene than other fuel
compounds due to B-scissions. The addition of oxygenated
compounds decreases the exhaust concentration of
this pollutant [14]. These decreases are generally more
important than the content of the oxygenated compound,
indicating that the addition of an oxygenated compound
produces less acetylene, not only because of the fuel
dilution but also because of its contribution to the HC
oxidation. The commercial fuel produces slightly more
acetylene than fuel R. The model constructed demonstrates
that the majority (80%) of acetylene comes from fuel
benzene. As benzene is found in almost equal content
in all fuels, exhaust concentration of acetylene is almost
equal in all fuels. All other sources are less important, their
participation is 0.8-3.4 % each (table 3).

The exhaust concentration of propane, butane, cis and
trans-2-butene is very low. These results are very scattered
and not presented here. Propylene is mainly enhanced by
fuel isooctane [2, 18], 1-hexene, octane and hexane (figure
3). Aromatics produce less propylene than alkanes or alkenes
[2], and the addition of toluene to isooctane decreases its
exhaust concentration. The addition of 2-propanol increases
the exhaust concentration of propylene: P5 fuel increases it
by 13% while the P20 one by 20%. Exhaust propylene is
linear with the content of 2-propanol in the fuel. The other
three oxygenated compounds decrease exhaust propylene by
1-9% for the low oxygenated content fuels, and 1-42% for
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Fuel component
Pollutant |7 a b Cé Cé6 [CCo6 |C8 |IC8 |B T o-X |ETB (P MTBE
Ethylene 0.917| 0.979| 4.338 19.6|18.2| 153] 253 69 36| 56| 55
Acetylene 0.967] 0.967| 1.576 20| 24 32| 34| 31| 797 08| 23] 3.1
Propylene 0.940] 0.950| 0.948 13.3]20.0 3.7] 15.6| 24.1 233
1-Butene 0.943| 0.970| 0.021 32.8|21.2 2.2] 363[ 9.6
Isobutane 0.743] 0.780( 0.440 100
Isobutene 0.953 1.04 1.07 44.4 55.6
1,3 0.940( 0.958| 0.110 3.8119.7] 505( 10.7| 4.0 11.3
Butadiene
Pentane 0.943| 0.923] 0.038 100"
1-Pentene 0.925] 0.922] 0.035 99? 1
Hexane 0.979| 0.985] 0.001 100
1-Hexene 0.953 | 0.909| 0.273 71.01 27.20( 1.72
7
Cyclohexa | 0.965| 0.982| 0.259 80.4 33| 45| 55| 62
ne
Octane 0.971| 0.951]| 0.202 100
Isooctane 0.978 | 0.978] 0.190 100
Benzene 0.95 0.96 0.23 2.2 81.71 49| 48| 6.5
Toluene 0.979 0.99| -0.09 66.8 259 73
ETB 0.980 0.98 0.09 69| 8.0 85.1
o-Xylene 0980 0.96| -0.84 100
IPB 0.985 0.96 0.11 4.1 15] 80.7

Table 3: Model coefficients for each exhaust hydrocarbon. Percentages of participation of each fuel component and 1, a and b of the lines
«Predicted Values» = a «Experimental Values» + b. !: Pentane, *: isopentane.
Iivokag 3: Zoviedeotés v uovisdwv yio kabe vopoyovavlpoxa. Iloooatd (%) e ovpueToyis tov ke G0OTOTIKOD TOV KODOIUOV KOl 17, a
ka1 b tv ypopuav «Ilpofleriucves tipécy = a «lleipouatinég tyuécy + b. - Ievidvio, 2: 16omevidvio.

the high content ones [8]. Commercial fuel produces about
the same concentration as fuel R. The model shows that the
most important source of propylene is fuel isooctane (24.1%),
followed by 2-propanol (23.3%), 1-hexene (20.0%), octane
(15.6%), hexane (13.3%) and cyclohexane (3.7%, table 3).
Exhaust isobutane is clearly enhanced by fuel isooctane
(figure 3). The addition of 20% of toluene to pure isooctane
decreases the emissions of this pollutant by about 20%,
indicating that toluene does not produce it at all. All the
other synthetic fuels produce about the same quantity of this
pollutant due to the same content of isooctane. The addition
of oxygenated compounds generally decreases its exhaust
concentration. It is not clear if MTBE enhances this pollutant;
the MTBES fuel decreases exhaust isobutane by 37%, while
the MTBE20 one increases it by 30%. Commercial fuel
produces less isobutane than fuel R because of its lower

content of isooctane. The model: Exhaust Isobutane = a Fuel
Isooctane is constructed, but it is not very good, the * of the
line Predicted Values= a Experimental Values + b, is only
0.743 (a=0.78 and b = 0.44). The addition of MTBE or of a
constant, or even of other fuel components, does not improve
it, indicating that this pollutant must have other sources, not
directly linked with the initial fuel composition.

1-Butene is mainly enhanced by fuel straight chain
HC (n-octane and 1-hexene) and isooctane (figure 3). The
addition of oxygenated compounds decreases exhaust 1-
butene [8]; high oxygenated content fuels decrease it more
than the low content ones (MTBE excepted). Commercial
fuel produces less 1-butene than fuel R because it has a lower
content of its precursors. Our model shows that exhaust 1-
butene is formed from fuel octane (36.3%), hexane (32.8%),
hexene (21.2%) and isooctane (9.6%).
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Figure 2: Exhaust concentration of methane, ethane, ethylene and
acetylene (in ppmv).

Zynua 2: Zoykévipawan tov pebavioo, aibaviov, arBvieviov kou mpo-
TLAEVIOV OTO KADOUEPLD, (0€ ppmy).

1,3 Butadiene is mainly enhanced by fuel cyclohexane
[2] and 1-hexene (figure 3). Other fuel compounds must also
participate to its formation: pure isooctane [2] and toluene/
isooctane produce low concentrations of this pollutant and
o-xylene slightly enhances it. Generally, the addition of 5%
of an oxygenated compound decreases its concentration by
1-25%, this of 20% by 5-43% [15], while this of MTBE
increases it [8]. Commercial fuel produces about the same
exhaust concentration as fuel R. More than the half of
exhaust 1,3 butadiene comes from fuel cyclohexane (50.5%);
the other sources are 1-hexene (19.7%), o-xylene (11.3%),
octane (10.7%), isooctane (4.0%) and hexane (3.8%).

As isobutane, exhaust isobutene is clearly enhanced by
fuel isooctane [2], while all the other synthetic fuels emit
the same concentrations (figure 4). The addition of methanol
and ethanol decreases its emissions: the first decreases it by
about 20% while the second by 1-43%. 2-Propanol blended
fuels produce about the same quantity as fuel R, while these
of MTBE increase the emission of isobutene [8], indicating

1,3 Butadiene

1-Butene

Isobutane

Propylene

COM

=)
[
w
o
[
=

Figure 3: Exhaust concentration of propylene, isobutane, 1-butene
and 1,3 butadiene (in ppmv).

Zynua 3: Xoykévipwan tov mpomvleviov, 1ofovtaviov, 1-fovteviov
kot 1,3 Povradieviov ota kovoaépia (o€ ppmy).

that this fuel component participates to its formation.
Commercial fuel produces less isobutene than fuel R
because of its lower content of isooctane. Most of the half
(55.6%) of this pollutant comes from fuel MTBE and the rest
from isooctane, while the addition of other fuel components
does not improve this model. Contrary to isobutane, MTBE
clearly participates to the formation of isobutene.

All synthetic fuels tested produce about the same
quantity of n-pentane (figure 4). As alkylate contains 0.2%
of pentane, it seems that this is the only source of this
pollutant. The addition of oxygenated compounds decreases
the exhaust emission of n-pentane by 20-40% in the case of
the low oxygenated content fuels, and more, 29-60%, in the
case of the high oxygenated content ones. Commercial fuel
produces less pentane than the fuel R due to its lower pentane
content.

Isopentane is mainly enhanced by isooctane (figure 4).
Fuel iC8T produces about 80% of the fuel iC8, indicating
that toluene does not produce this pollutant. All the other
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synthetic fuels produce less isopentane than fuel R because
of their lower content of isooctane. All these fuels produce
about the same quantity of this pollutant due to the same
content of isooctane and isopentane in the alkylate. The
addition of oxygenated compounds decreases the exhaust
emission of this pollutant by 19-37% in the case of the
low content oxygenated fuels, and more, 20-45% in the
case of the high content ones. The exhaust concentration
of isopentane is comparable for commercial and R fuels,
due to their comparable content of isopentane. The model:
Exhaust Isopentane = a Fuel Isopentane + b Fuel Isooctane
shows that the quasi totality of exhaust isopentane comes
from fuel isopentane; isooctane contributes by only 1.0%.
The addition of other fuel components does not improve this
model, indicating that fuel’s isopentane and isooctane are the
only sources of this pollutant.
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Figure 4: Exhaust concentration of isobutene, pentane, isopentane
and hexane (in ppmv).
2ynua 4: Zoykévipwon tov 1ooflovtaviov, TEVIOVIO, 160TEVIAVIOD
Ko eCaviov oTo. KavooEplo. (o€ ppmv).
Exhaust hexane is enhanced only by fuel hexane (figure
4) [19]. Octane does not enhance the production of this
pollutant, meaning that this latter is not produced by this fuel
component after a B-scission. All the other fuels produce
lower quantity of this pollutant than fuel R, due to lower

hexane content. The addition of oxygenated compounds
decreases the exhaust concentration of this pollutant [15, 17]
by 23-44% for the low oxygenated content fuels and 46-80%
for the high content ones. Exhaust 1-hexene is enhanced
by fuel 1-hexene and cyclohexane and slightly by n-octane
(figure 5). As fuel C6 does not enhance its production,
this pollutant is not produced from n-hexane after an H
extraction. All other fuels, including the commercial one,
produce less hexane than fuel R due to lower contents of its
precursors. The addition of 5% of oxygenated compounds
decreases its exhaust concentration from 11 to 65%, while
the addition of 20% decreases it more: from 43 to 80%.
According to our model, the majority (71.1%) of 1-hexene
comes from fuel 1-hexene; the rest comes from cyclohexane
(27.2%) and octane (1.7%, table 3).

30
Q
c
©
R d
(%}
o
[*]
@
[}]
c
©
R d
O
(@)
[}
c
©
X
[}
L
o
o
>
(&)
[}
c
Q
X
[}
<
-

Tmemg Al
© ] ook XDODK 2 RO Lo 3o 3=
©cggo0 b h ggimmggmagg

= g

Figure 5: Exhaust concentration of 1-hexene, cyclohexane, octane
and isooctane (in ppmv).
2ynue 5: Xvyrévipwon tov 1-eleviov, kvokloelaviov, oktaviov kol
1600KTOVIOD OTO, KODTOEPLO. (€ ppmy).
Figure 5 shows that exhaust cyclohexane is principally
a product of unburned fuel, but aromatics also enhance its
formation. Fuel iC8T produces some cyclohexane comparing
to pure isooctane that does not produce it at all, confirming
the previous remark. As cyclohexane slightly enhances the
formation of benzene [9], the inverse reaction must also be
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possible. Commercial fuel produces slightly less exhaust
cyclohexane than fuel R; cyclohexane content of the first fuel
is lower than this of the latter one, but its higher content of
aromatics equilibrates partially this difference. The addition
of the first three oxygenated compounds enhances the
formation of cyclohexane (except for £20 fuel), especially
in low contents. This addition enhances the oxidation of fuel
aromatics, increasing consecutively the exhaust concentration
of cyclohexane. Contrary to the other three oxygenated
compounds, MTBE decreases the exhaust concentration of
cyclohexane. According to our model, the majority (80%)
of cyclohexane comes from fuel cyclohexane, but aromatics
contribute by 3-6% each (table 3).

Figure 5 shows that exhaust octane is enhanced only by
fuel octane [19]. The addition of oxygenated compounds
decreases its exhaust concentration by 10-45% in the case of
the low oxygenated content fuels and 40-55% in the case of
the high content ones. Exhaust isooctane is enhanced only by
fuel isooctane (figure 5 [19]. The addition of 20% of toluene
to pure isooctane decreases the exhaust concentration of
this pollutant by about 20%. All the other fuels produce less
isooctane than fuel R due to lower isooctane fuel content.
The addition of oxygenated compounds decreases exhaust
concentration of isooctane by 19-25% in the case of the low
oxygenated content fuels and 37-66% in the case of the high
content ones.

Exhaust benzene is clearly produced from fuel aromatics
(figure 6) [2, 9, 20]. Pure isooctane does not produce
detectable concentrations of benzene. The addition of
toluene to isooctane produces significant amounts of
benzene. Cyclohexane also enhances the formation of this
pollutant [2, 9], but less than aromatics do. Commercial fuel
produces more benzene than fuel R due to its higher content
of aromatics. The addition of oxygenated compounds
decreases the concentration of benzene [6, 8, 15] by 5-29%
in the case of the low oxygenated content fuels and 13-60%
in the case of the high content ones. The majority (82%) of
exhaust benzene comes from fuel benzene; the other sources
are ETB, toluene, o-xylene and cyclohexane. This model
shows that the specific weight of fuel benzene is the most
important, but the majority of exhaust benzene comes from
the other aromatics due to their high content in the fuel.
Kameoka [18] presents the following model B=0.56B+0.05
T+0.04X+0.08ETB (in C basis).

Exhaust toluene is enhanced by fuel aromatics (figure 6)
[9], while the non-aromatic fuel components do not produce
it at all. The addition of toluene to isooctane produces
significant exhaust concentrations of this pollutant comparing
to pure isooctane that does not produce it at all. Fuel ETB
enhances exhaust toluene, even if its exhaust concentration is
lower than the R one. The explanation is that fuel R contains
7% of toluene that gives more exhaust concentration of ETB
than the 42% of ETB of the corresponding fuel. The addition
of oxygenated compounds decreases exhaust toluene [8, 15,
17] by 11-39% in the case of the low oxygenated content

fuels and more, 24-62%, in the case of the high content ones.
Commercial fuel produces more toluene than fuel R due to
its higher aromatic content. The two thirds of the exhaust
concentration of this pollutant come from fuel toluene; fuel
o-xylene contributes with 26% and the rest comes from fuel
ETB. Benzene is not statistically significant for this model.
Kameoka [18] presents that exhaust toluene is linear with
fuel xylenes and ETB.

o-Xylene ETB
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Benzene
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Figure 6: Exhaust concentration of benzene, toluene, o-xylene and
ethylbenzene (in ppmv).
2ynua 6: Xoykévipwan tov feviorion, tolovoliov, edvlofevioiion
Ko 0-EvAodiov ota kovoaépia (o€ ppmy).
Exhaust ETB is mainly produced from fuel ETB (figure
6) [9]. The addition of toluene to isooctane produces some
ETB comparing to pure isooctane that does not produces it
all, indicating that toluene enhances the formation of this
pollutant. The addition of oxygenated compounds to fuel
R decreases exhaust ETB [8] by 13-35% in the case of low
oxygenated content fuels, and more, 21-71% in the case of
the high content ones. Commercial fuel produces more ETB
than fuel R due to its higher content of ETB. The 85% of
exhaust ETB comes from fuel ETB; the rest comes from
toluene and o-xylene. Benzene is not statistically significant
to this model. Kameoka [18] presents that exhaust ETB is
linear with fuel ETB.
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Table 4: Percentage of each exhaust HC over all exhaust HC (in
% ppmC) for the commercial fuel (COM) and maximum
exhaust percentage.

ITivokag 4: Tlocootd kdbe vopoyovavlpaxo. oe oyéon ue TG oLVO-

Aikég exmoumés vopoyovavOpakwv (oe % ppmC) yio 0
gumopixo kavoipo (COM) kor uéyiotn ovykévipwon ota.

KowooépioL.

Pollutant % COM | max % Fuel
Methane 5.0 17 iC8
Ethane 0.5 13.6 C8
Ethylene 19.2 23.1 C8
Acetylene 11.4 16.6 C8
Propylene 54 11.7 IC8
Isobutane 0.12 34 1C8
1-Butene 0.4 1.6 C8
Isobutene 0.28 16.8 iC8
cis-2-Butene 0.15 0.25 CCoée
trans-2-Butene [  0.31 0.321 CcCo6
1,3 Butadiene 1.6 5.9 CCo6
Pentane 0.18 0.49 R
Isopentane 0.92 3.2 iC8
Hexane 0.48 8.7 C6
1-Hexene 0.62 6.5 C6=
Cyclohexane 0.36 8.5 cCo6
Octane 0.37 8.7 C8
Isooctane 0.74 22.9 IC8
Benzene 5.8 9.4 T
Toluene 14.6 33.5 T
ETB 8.1 19.2 ETB
o-Xylene 8.6 28.2 0-X
IPB 2.8 10.7 ETB

Exhaust o-xylene is only a product of the unburned fuel
(figure 6) [19]. All the other synthetic fuels produce less
than fuel R, while commercial fuel produces more due to
its higher o-xylene content. The addition of oxygenated
compounds to fuel R decreases exhaust o-xylene [8] by 19-
36% in the case of low oxygenated content fuels, and more,
by 20-71% in the case of the high content ones.

Isopropylbenzene (iPB) comes mainly from fuel ETB
[9], but other aromatics must produce minor quantities of
this pollutant: o-X fuel produces about the same quantities
than fuel R, while the iC8T one produces detectable
concentrations of this pollutant comparing to pure isooctane
where no exhaust isopropylbenzene is found. Commercial
fuel produces more isopropylbenzene than this latter fuel
due to its higher content of ETB. The addition of oxygenated

compounds decreases exhaust iPB by 18-35% in the case of
low oxygenated content fuels and 25-70% in the case of the
high content ones. The 81% of exhaust iPB comes from fuel
ETB; fuel o-xylene contributes by 15% and the remaining
4% comes from fuel toluene. Benzene does not participate
to this model.

3.5. Percentage over all exhaust HC

Table 4 presents the percentage of each HC emitted
from the commercial fuel (in ppmC). The most important
exhaust HC is ethylene (19.2%) followed by toluene (14.6%)
acetylene (11.4%), ETB and o-xylene (about 8% each),
propylene (5.4%), benzene (5.8%) and methane (5.0%).
These values can be more important in the case of the other
synthetic fuels used, and can reach for example 23.1% in the
case of the ethylene emitted from C§ fuel, 9.4% in the case
of the benzene emitted from T fuel, or almost 17% in the case
of the isobutene emitted from the iC8 one.

4. CONCLUSIONS

The main conclusions of this work are:

- Fuel aromatics increase the exhaust emission of the
three regulated pollutants: CO, HC and NOx.

- The three regulated pollutants generally decrease with
the addition of oxygenated compounds in the fuel. This
decrease is not the same for the three pollutants: the best
oxygenated fuel for the reduction of CO is P5, while the
lower emissions of HC are achieved using the £20 one and
the MTBES one for the NOx.

- Exhaust benzene is produced from fuel aromatics, but
also from cyclohexane. Exhaust 1,3 butadiene is produced
from fuel cyclohexane and 1-hexene. The emission of
these two toxics decreases with the addition of oxygenated
compounds.

- The addition of oxygenated compounds generally
decreases the exhaust concentration of individual HC, but in
some cases it increases it.
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Extetouévn mepiinyn

Entopaon ¢ Xvotaong tov Kavoipov otny
Exmopm) Oprofetnuévov Portov kol Mepovopévev
YopoyovavOpaxkov ané éva BeviQivoxkivntipo

E. ZEPBAX
Ap Xnpukog Mnyovucog

Hepiznyn

Evag peviivokrvytipog ypnoipomoinOnke yio ™) UEAETH THG ETIOpa-
ONG THG GOVOETNS TOV KOVOIUOD OTIC EKTOUTES TWV OPLOYETHUEVWY
POV KOL TV UEUOVOLEVWY DIPOYovovOpdkwv. ADo e1dikés un-
TPEC KODGIUOD YPHOILOTOMONKAY: 1 TPOTH TEPIEYEL OKTW VIPOYO-
vavlpaxeg kai n 0edtepn emiong téooepis olvyovawuéves evaoelg. O1
OPWOUOTIKOL DIPOYOVAVEIPOKES TOV KODTILLOD QDEAVOVY THYV EKTOUTH
CO, HC ko1 NOx. H mpooOikn twv oloyovauévav evocemy umopel
va ueiwoer 1o CO, tovg HC xou ta NOx pgypr 30%, 50% xou 60%
avtioroiyo. Katw ard avtés tig ovvinkeg, n mpocbnkn 5% 2-mpoma-
voAng eivai o amoteleouatixi yio. ) peiwon tov CO, 1 Zpoatikn
20% ouBavoing yia t ueicowon twv HC xor 5% MTBE yio ta. NOx.
Eriong mapovaidleror n emidpoon s odovleans tov kowaiuov atny
EKTOUTN TEPLOTOTEPWY OTO 20 UELOVOUEVODS DIPOYOVOVOPOKES.T
O1 exmoumés oAy twv HC peiwvovrou pe v mpoobnkn olvyovwué-
VOV EVOOEDV, EKTOS ATO UEPIKES POPES OTNV TEPITTWTH TOV Uebovi-
ov, 10V a1faviov, Tov a1fvieviov, TOV TPOTVAEVIOD, TOV 1G0f0VTEVIOD
Kal Tov kvkloelaviov, omov ovéavovral. To. rooootd twv HC ota
KODGOEPIO TOV EUTOPIKOD KODTIUOD ETIONS DITOLOYIoTHKAY. A14pOopa.
HOVTEAQL TOV GVOYETICOVY T GUYKEVIPWON ODTWV TWV POTWV UE TH
obvlean Tov Kavoiuov TOPOoVoIGloVTaL ETIOHG..

1. EIXATQT'H

H obvBeom tov kavcipov gival pio omd T onHavTIKO-
TEPEG MAPAUETPOVG YlOL TIG EKTOUTES POV TV Peviivoki-
ynmpov. H poctnkn o&uyovopévev evocemv otn Peviivn
&xel mpotafel yio va LEIDOEL TIC EKTOUTEG. AVTEG 01 EVAGELG,
oG M aBavor, UTopovV Vo TOPoYBOVV Ad OVAVEDGILES
Broloyikéc TNyEg Kol PTOPOVV EMIGNG VO LELDGOLY TNV €K-
Topm Tov 810&e1diov Tov AvBpaka. AkOa KL av 1) TPOcH-
K1 TOUG pewmvel yevikd Tig ekmounég CO ko HC, dev eivan
olyovpo 0Tt 1| TOOTNTA TOV aépa Pertidveral [7, 8], emedn
aLEAVEL TNV EKTOUTY GAA®V pn-oplobetnuévav porov (oi-
0e0deg, opyavikd o&éa). Avti N gpyacio ToPovctdlel TV
EMIOPOOT TOV KAVGIHOL GTNV EKTOUTN TOV 0PLoBeTUEVOV
POT®V KOl TOV UEHOVOUEVOV VLOPOYOVOVOPAK®OY amd o
BevQvokivnmn punyoavy €0OTEPIKNG KOoNS. AbO €10KEG Un-
Yropinbnxe: 24.10.2003 Eyve dexcrij: 3.12.2004

X. MONTAGNE
Ap Xnpikodg Mnyovucog

J. LAHAYE
Kanyntg ILA.A.

TPEG KOWGIHLOV, TOV TTEPLEYOVV OKTAH VOPOYOVAVOpaKES Kot
T€60EplG 0EVYOVOUEVES EVAGELS YPNCLLOTOLOVVTOL Y10, TNV
peAétn avt. Me Bdon To TEPAPATIKG OTOTEAEGHLOTA, LEPL-
K@ povtéda Tov cuoyeTi{ovv Tovg phmovg e T cbVOEST TOL
Kovoipov Topovctifovat.

2. IEIPAMATIKO MEPOX

‘Evag xivnmipag CFR ypnowonomdnke yo avty v
gpyacio. AvTdg 0 KvnTipog eivol o kP HOVOKOAVOpN
unyavy (611 cm®) mov ypnopomoteitan yo TOovV TPOGdI0-
PO TOL aPlBUOY OKTOVIOV. LTOUXEIOUETPIKEG GUVOTKEG
YOPIG KATOAVTIKO LETATPOTEN YPTCYLOTOMONKOV Yiol QVTY|
™V peAéT. Avo pnTpeg Kowcipov ypnoiporomdnkav. H
TPOTY TEPLEYEL OKTM VIPOYOVAVOpaKkeg (mivakag 1), evd 1
debtepn mepLEyel kot téooeplg obuyovopéveg evoels. To
Kovoo ovagopds R mepiéyet ico mocootd amd kdbe puo
a7to TIG OKTM EVACELS, EVD T, GAAN KOVGOLLO TEPLEYOLY 42%
€vOg TpmTap)Kov cvotatikod. H o&uyovopévn uiqtpa amo-
kOnke pe v TpocOnkn 5% N 20% piag and Tig TEcoEPIG
o&uyovopéveg evoelg 610 kavoio R. Avo amhd Kovoyio
emiong ypnoworombnkav: iC8p, 10 omoio &ivar kabapd
oooktdvio kot iC8T, 1o omoio givar éva piypo 80% 1coo-
kraviov kot 20% tolovoriov. Tehkd, Eva epumopiicd KaOGLLO
egetdotke. To CO avaivdnke pe IR, to ofeida aldtov pe
chemiluminescence kot ot cuvoiikoi HC pe FID. H avédv-
on tov pepovopévov HC éywve pe GC/FID. Ewoowmévte
vdpoyovavlpokeg ypnoyomomdnkay ya ™ Pabpovounon
TOV YPOUATOYPAPOL Kol TOV TPocdoptopd kabe Evoone. H
oyetikn tomikn omokion tov CO, HC kot NOx (rsd) sivon
3.5. 8.5 ko 12.5% avtiotorya, eved eivar Ayotepo amd 20%
Y. Tovg Teplocotepovg amd tovg HC (to rsd vmepPaiver
20% poévo oe pa mepintmon). ‘Eva ypoppikd povtého mov
oLOYETICEL TN CLYKEVTPWOOT) TOV POHTOV TOV KAVCUEPI®V LE
T0 TOGOOTO TOV CLGTUTIKOV TOL Kavoipov e&etdletar yo
KG0e Evoon.
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3. AIIOTEAEXMATA

3.1. Exkmopnn oprofetnpévev portov amé tTa cvuvleTikd
Kovopo

Ot opopoTiKoi VOPOYOVAVOPAKEG TOV KOLGILOV KOl TO
oktavio av&avovv to CO. H exmopn twv vopoyovavOpd-
KOV EVIGYVETAL OO TIS APMUATIKES OVGIEG TOV Kawsipov. To
€&AV10 KOl 01 Op®UOTIKOT VOPOYOVAVOPAKES EVIGYDOVY TOAD
erappd v ekmopni) NOX. Ot apopatikég ovaieg avédvouv
TIG EKTOUTEG KOL TOV TPLOV POTOV VD TO 1-£€vio kat to
KukAogEavio Tapdyovy Tig Ayotepeg (oynqua 1).

3.2. Exnopméc oprofetnuévav pomov amxd oévyovopéva,
KOOGLLO,

To oynua 1 mapovsidlet 6t ot ekmopunég tov CO pewdvo-
vtoL pe TV Tpoctnkn 0EVYOVOUEVOVY EVOGEMY GTO KODGILO
R. Zvuykpivoviag autég T1g T€00epig 0EVYOVOUEVEG EVACELS,
TO OMOTEAECUATIKOTEPO KOOSO ivar PS5 pe o peioon tov
CO xatd 28%, axoiovBovpevo and 1o ES (-20%), eved n
npocOnkn ¢ pebavoing 11 tov MTBE to peudvet ldyiota.
Ot HC pewdvovtal kot amd 10 OKTD 0EUYOVOUEVE KOVGULOL
ov ypnoponomdnkay. To anoteAeopaTKOTEPO KAVGLULO
v ) peimon tovg givar to E20 (peiwon katd oxedov 50%),
axoAovBovpevo omd 1o M20 (30%). H mpoctnkn g peba-
voMG, aBavorng kar MTBE peidvet ta NOX, eved ovtd g
2-pomavOANG TO, LELDVEL GTNV TEPIMTTOOT] TOV KOVGILOV
P5 kot ta avédver oy mepintoon tov P20. Metobd tov
TE60GPOV KOVGIH®Y oV TTEPLEYOLY 5% piag o&uyovopévig
€VOoNG, TO OMOTEAECUATIKOTEPO Yo TN peiwon tov NOx
eivar 1o MTBES (59%) ka1 oty cvvéyeta to P5 (31%). Ta
TOPATOVE ATOTEAEGUATA OElYVOUV OTL YioL TV YPNON EVOG
0&VYOVOUEVOL KAVGIHOL TTPEmet va Aapfdvetal vdymn 1 G-
VOMKN Hel®oN TOV TPLOV pOT®OV: TO OTOTEAEGLOTIKO-TEPO
Kavoo ya tn peiwon tov CO givan to PS5, 1o E20 ywa tovg
HC xot to MTBES ywo ta NOx.

3.3. Movtéla,

Ta ypoppukd povtéda dev eivor ToAd KA 6TV TePinTo-
on twv eknoundv CO, HC kot NOx (r’<0.7). Ot cvoyetioeig
HETAED TNG GLYKEVIP®ONG TOV POTOV KOl TOV QUCIKOV
WB0THTOV TOV KOVGTHoV (aplBpdc oktoviov, KOUTOAEG aAmod-
oT0éNG...) eEetdotnkay emiong, OAAG TO amoTeEAESHATA OEV
éoetéav kopio a&ohoyn cuoyétion.

3.4. Exmopm pepovopévov HC

To pebavio evioyvetal cap®s and To 0-EVAOAL0, TO 160-
oKTAVIo Kot T0 K-g&avio (oynua 2). H tpocshnkn tov 1ec0d-

POV 0ELYOVOUEVOV EVOCEMY OVEAVEL YEVIKG TNV EKTOUTN
tov. To aBdvio evioyveTol CAPADG OO TOVG TPELG VOPOYO-
vavOpakeg gubeiog aAvoidag oAAG Kot amd T0 KuKAOEEAVIO
(oympa 2). Ta kavoipo wov teptéyovy 5% piag o&vyovoué-
VNG EVOONG YEVIKA 00EAVOLV T GLUYKEVIPWOOT| TOV, EVA 0LTA
nov meptEyovv 20% yevikd v peidvovy. Ot vdpoyovavipa-
keg gvbeiag alvoidag, T0 KUKAOEEAVIO, TO 1G00KTAVIO KOt
N 2-TpomavOAn EVIGYLOLY TOV GYNUATICUO TOL oBvAeviov
(oyMpa 2). To akeTvAévio Tpoépyetal Kupimg (80%) and to
Bev{oAo tov kavoipov (tivaxag 2). To TpomvAévio evioyve-
ToL KUPIG amd TO 1600KTAVIO, TO 1-8£€V10, TO OKTAVIO KO TO
e&avio Tov kavcipov (oxqua 3). H tpoctnkn 2-tpomavoing
QLEAVEL TN GLYKEVIPMOGT TOV YPOUUIKG LE TO TEPLEYOUEVO
NG GTO KAVOLHO, EVD Ol AALEG TPELS OEVYOVOUEVEG EVIDOELG
v peiovovyv. H onpovtikdtepn mnyn tpomvieviov givat to
1GOOKTAVIO TOV KOWGIHOV, 1 2-TpoTtavorn, to 1-g&évio, to
0KTAV10, T0 €£AVIO KOl TO KUKAOEEAVIO (TTivakag 2).

To 10oBovTavio evioyDETAL GAPDOG OO TO LGOOKTAVIO
oV KOGipov (oypa 3), evd 1 TpocHnkn oSvyovouévav
EVDCEMV HEWDVEL TN CLYKEVIPMOOT TOL €KTOC amd OLTN|
tov MTBE, yopic 6poc va givar capég edv avt n Eévoon
napdyel ovtdv tov pumo. To woPfovtdvio peldveral ard o
MTBES «katd 37%, evd avéavetor and to MTBE20 kotd
30% og oyéom pe to kowowo R. To 1-fovtévio evioydeton
Kupiog omd toug HC gvbeiog aAvoidag Kot TO 1G00KTAVIO
(oymua 3). To 1-Boutévio Tpoépyetal Omd OKTAVIO TOL
Kavoipov, 1o e&dvio, to 1-e&£évio kot 1o toooktavio . To 1,3
BouvTtadiévio evioyveTal Kupimg and T0 KUKAOEEAVIO KOl TO
1-g&€vio tov kavoipov. Ot dAAeg Tnyég eivar o 1-g€évio, t0
0-EVAOAL0, TO OKTAVIO, TO LGOOKTAVIO Kot To €&dvio (o
3). To 10oPovtévio evioyvetol copmg ard 1o MTBE kot to
1000KTAVIO TOV Kawoipov (oynpa 4).

Ol o oLVBETIKA KaOoL TOPayoVy GXedOV TNV 1010
oot Ta K-evtaviov (oynpa 4). To mevtdvio TG aAKLAL-
KNG Pdong eivar n kKopla Tyn avtov tov povmov. To e&dvio
TOV KOVGOEPIOV TPoEpyeTal LOvo omd 1o e£AVio TOV Kov-
oipov (oynua 4). To 1-e&évio evioyveton amd 1-e£évio Tov
KODGILLOL Kot TO KUKAOEEAVIO Kol EMAPPAG OO TO K-OKTAVIO
(oympa 5). To kvukhoe&dvio TV Kavcaepiov gival Kupimg
éva TPOiGV TOL GKAVGTOV KOVGIHOV, GAAGL Ol OPOUATIKEG
ovcieg emiong evioybovv t0 oYMUOTIGHO TOL. [evikd, m
TPOGOHNKT TOV TPATOV TPLOV 0EVYOVOUEVOV EVAOCEDY EVI-
oybOeL To oyNUaTIopd Tov, Thava Ady®m g o&eidwong TV
UPOUATIKOV VIpoyovovOpdkwov Tov kavoipov. To oktdvio
K01 TO IGOOKTAVIO TV KOVGAEPIWV TPOEPYKOVTOL LOVO A0 TO
OKTAVIO KO TO 1000KTAVIO TOV KOVGipHov (oynpa S).

To Pevidoio mapdyeTol coPMOG OO TOVG APDOHATIKOVS
VOPOYOVAVOPOKES TOL KAVGIHOL (oypa 6), EVd TO KUKAO-
e&hvio evioyvel eniong to oynuatiopnd tov. H mhetoymoia
(82%) tov Pevioriov TV KOVCOEPI®V TPOEPYETAL OO TO
Bev{OA0 TOVL KOWVGIHOV, EVAD Ol VWOAOWTES TNYEG €lval TO
ETB, 10 T0A0v6A10, TO 0-ELAOALO Kot TO KuKAOEEAVIO (Tiva-
kag 2). To ToAovdAo evicybeTal amd TIG UPOUOTIKEG OVGIEG
oV Kavcipov (oynua 6). Ta dvo Tpita TG CVYKEVTIP®ONG
TOV TPOEPYOVTOL OO TO TOAOVOALO TOV KAVGILOV, EVD TO O-



Teyv. Xpov. Emot. 'Exd. TEE, V, tevy. 1-2 2004, Tech. Chron. Sci. J. TCG, V, No 1-2 47

EvhOlo cupPaAdet pe 26% Kot TO VITOAOUTO TPOEPYETOL OO
10 ETB xavoipov. To ETB mpoépyetar kupimg and to ETB
Tov kawaoipov (oynpa 6). To 85% tov ETB tev kavcoepinv
npoépyovtarl and to ETB tov kavcipov, vd 1o vmodAoumo
TPOEPYETOL OO TO TOAOVOALO KOt TO 0-EVAOAL0. To 0-ELAOAL-
0 gtvol Tpoidv Povo Tov AKavoTov Kovaipov (oynua 6). To
81% tov 1oonpomviPevioriov (iPB) mpoépyetar and to ETB
TOVL KOWGIHOV, eV T0 0-ELAOAI0 cVUPdAAel katd 15% Kot To
VIOAOUTO 4% TPOEPYETUL OO TO TOAOVOAO KOWGILLOV.

H mtpoctnkn o&uyovouévay evioemv 6To KODGIUO HEID-
VEL 1] GLYKEVTPMOOT] TOL 0KETVLAEVIOV, 1-Bovteviov, K-Tevta-
viov, womevtaviov, k-e&aviov, 1-g&gviov, K-oKTaviov, 1G00-
ktaviov, Bevioiiov, toAovoriov, ETB, o-EuloAiov kot iPB.

3.5. loc0670 KGOBE pepovopivov vopoyovavlpaxa

O zwivakag 3 Tapovstilel 1o mocootd kébe HC mov exmé-
pmeToL oo 1o epmopikd kavoipo (o ppmC). O onpavtid-
TePOC VOpOYOVAVOpaKkag eival To aBvAévio (19%), akodov-
Bovpevo and 10 ToAovoALo (14.6%), To axetvAévio (11.4%),
10 ETB kot 1o 0-EuAdAio (mepimov 8% to kabe évar), TO Tpo-
molévio (5.4%), to Bevioio (5.8%) kar to pebavio (5%).

Avtd 10 TOGOGTA Pmopolv vo eivon onuavTikdtEPE TNV
TEPITTOON TOV GAA®V GLUVOETIKOV KOLGILOV Kot UTopody
va eBdcovy mapadeiypatog yapv o€ 23% oty mepintoon
ToV afvAeviov mov ekmépmetal omd To Kavoyo C8.

4. XYMIIEPAXMATA

To Bacikd cupmepdopata VTG TG EpYOoiag ival ta
axorovfa:

- Ot apopatikol vVOPoyovavOpaKeg TOV KOVGIHOL avEl-
vouv T ekmopunég CO, HC ko NOXx,

- Avtol o1 Tpelg pOTTOL PELDVOVTOL LE TV TPOCHNKN T®V
0&VYOVOUEVOV EVACE®MV GTO KOOGUo. AvTi 1 peioon dev
etvar 1 id1a Yo Tovg TPELg pOTOVS: TO KOADTEPO 0ELYOVOUEVO
Kavotpo yuo v peimon tov CO givar to PS5, evd ot yapunio-
tepeg ekmopunéc HC emrvyydvovion pe to E20 xon tov NOx
pe to MTBE.

- To Bevioiio mapdyeTol 0md TIG APOUATIKEG OVGIEG TOL
Kowoipov aALd Kot and To kukhoe&dvio. To 1,3 Bovtadiévio
napdyetotl and o Kukhoe&dvio kot to 1-e&évio kavaipov. H
EKTIOUTN OTOV TOV dVO TOEIKDY OVOIOV LEIDVETAL LE TNV
TPOGOHN KT TOV 0ELYOVOUEVOV EVACEMV.
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