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Influence of Fuel Composition on the Emission of
Oxygenated Pollutants (Organic Acids, Alcohols and
Carbonyl Compounds) from a SI Engine

E. ZERVAS
Dr Chemical Engineer

Abstract

A spark ignition engine was used to study the impact of fuel
composition on exhaust emissions of organic acids, alcohols
and carbonyl compounds. Two specific fuel matrices were used:
the first containing eight hydrocarbons and the second also four
oxygenated compounds. Exhaust organic acids are generally
enhanced by fuel aromatics and oxygenated compounds. Exhaust
alcohols are enhanced by fuel oxygenated compounds, but also by
some hydrocarbons in the case of methanol. Exhaust formaldehyde
is mainly produced from fuel methanol, acetaldehyde from fuel
ethanol and propionaldehyde from straight chain hydrocarbons.
Exhaust acroleine comes from fuel 1-hexene, acetone from 2-
propanol, n-hexane, n-octane, isooctane and MTBE. Exhaust
crotonaldehyde comes from fuel 1-hexene, cyclohexane, n-hexane
and n-octane, methacroleine from fuel isooctane, and benzaldehyde
from fuel aromatics. Light pollutants (C -C,) are most likely formed
from intermediate species, which are quite independent of the fuel
composition. Several models correlating the exhaust concentration
of these pollutants with the fuel composition are presented.

1. INTRODUCTION

Some correlations between fuel composition and exhaust
emissions from SI engines have been found in the case of
regulated pollutants [1,2]. But exhaust gas contains a number
of specific pollutants, such as aldehydes, alcohols and organic
acids that have so far not been thoroughly investigated.

Organic acids contribute to acid rain formation [3, 4]
and many articles describe their distribution and reactions in
urban, rural and marine atmospheres [4, 5, 6]. Atmospheric
organic acids come from many sources, natural or
anthropogenic [5], one of which is exhaust emissions [7, §].
Few articles have studied the emission of these compounds
from internal combustion engines [8, 9, 10, 11] or from
combustion of propane on a flat burner [12].

Carbonyl compounds are emitted from internal
combustion engines as products of incomplete combustion
of hydrocarbons or oxygenated compounds. They are finally
found in the atmosphere and many authors have studied
Submitted: Oct. 24, 2003 Accepted: Dec. 3, 2004

X. MONTAGNE
Dr Chemical Engineer

J. LAHAYE
Professor of U.H.A.

their distribution and reactions in the atmosphere of urban
and rural areas [5, 6, 7]. These pollutants have multiple
sources, but motor exhaust gas is considered as one of the
most important [13]. Fuel composition can influence the
emissions of these pollutants [2]. Gasoline contains basically
hydrocarbons, but alcohols or MTBE are also added to fuels
to decrease exhaust hydrocarbons and carbon monoxide.
The addition of these compounds increases the emission of
some oxygenated pollutants, such as methanol from fuels
containing methanol or MTBE [14, 15], formaldehyde from
fuels containing methanol [15] or acetone and acroleine from
these containing MTBE [2].

This paper presents the influence of gasoline composition
on the emissions of organic acids, alcohols and carbonyl
compounds from a spark ignition engine. Specific fuel blends,
containing hydrocarbons and oxygenated compounds, and a
commercial fuel were used for this study. Exhaust pollutants
were measured using specific analytical methods. Relations
between exhaust oxygenated pollutants and fuel parameters
and other exhaust compounds were also researched. Based
on the obtained results, some likely formation paths of these
compounds are proposed.

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: 6.11 10 m?, bore:
0.08255 m, stroke: 0.1143 m) 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: 15 Hz, 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
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C6 Co6= CCo 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 42 2 2 2 7
toluene 2 2 2 42 2 2 7
o-xylene 2 2 2 4 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).
ITivoxag 1: Xnuurn avatoon kot apiBuog oktaviowv g oovletikig untpag kavoiuwyv (% kot’ oyko).
M5 ES IP5 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).
Hivoxag 2: Xy avaloon kot aptBuog oxtaviwv g oloyovouévns untpog kovoiuwy (% kat’ oyko).

and exhaust emissions of oxygenated pollutants. It is known
that the catalytic converter does not have the same oxidation
efficiency for each pollutant [16], and as the subject of this
work was to find out the above correlations, no catalytic
converter was used.

Two fuel matrices were adopted in this study. The 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) also contains four oxygenated compounds: methanol,
ethanol, 2-propanol, and MTBE. An experimental design,
specially adapted for mixtures, was used to determine each
component quantity in the blend of synthetic fuels [17]. 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) contained an equal content of each of
the eight compounds, while the other fuels contained 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 fuel R. Two simple fuels were also used: iC8p,
which is pure isooctane, and iC8T, which is a mixture of
80% isooctane and 20% 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 from the commercial ones, but these
matrices allow the study of the influence of the chemical
composition of the fuels on the emission of regulated
pollutants. CO, HC and NOx emissions were not measured
in the case of the commercial fuel. More details about these
fuels are presented elsewhere (10).

Organic acids were collected by passing a sample of raw
exhaust gas through two impingers in series, each containing
20 ml of deionised water. The final solution was analyzed
by two methods: ionic chromatography for the analysis of
formic acid, and gas chromatography for the analysis of
heavier acids. More details about this method can be found
elsewhere [12]. A standard solution containing 12 organic
acids (formic, acetic, propionic, acrylic, isobutyric, butyric,
isovaleric, valeric, isocaproic, caproic, heptanoic and
benzoic) was used for the chromatograph calibration and
for the identification of each acid. Six acids: formic, acetic,
propionic, acrylic, butyric, and isovaleric, were found in the
exhaust gas in detectable concentrations.

Alcohols were collected with organic acids. The final
solution was analyzed by gas chromatography using flame
ionization detector (GC/FID) following the procedure
described by Williams [14] and Siegel [18]. A standard
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solution containing 6 alcohols (methanol, ethanol, n-
propanol, isopropanol, n-butanol and 2-butanol) was used
for the chromatograph calibration and for the identification
of each alcohol. Only methanol, ethanol and isopropanol
were found in the exhaust gas.

Carbonyl compounds were collected in 2x30 ml
of an acidified 2,4 di-nitro-phenyl-hydrazine (DNPH)
solution in acetonitrile. The final solution was analyzed
by HPLC/UV following the procedure described by Lipari
[19] and Swarin [20]. A standard solution containing
13 aldehydes (formaldehyde, acetaldehyde, acroleine,
acetone, propionaldehyde, crotonaldehyde, methacroleine,
methylethylketone (MEK), butyraldehyde, benzaldehyde, o-,
m-, and p-toluenealdehyde) was used for the chromatograph
calibration and for the identification of each aldehyde. All
these carbonyl compounds were detected in the exhaust
gas and had no interference with the other exhaust gas
components, but the column used could not separate MEK
and n-butyraldehyde. The three toluenaldehydes were
detected in very low concentrations, so they are not presented
here. More details are presented elsewhere [10].

Five identical points of the fuel R were used to evaluate
the repeatability of the engine and the analytical methods
used. All other tests were repeated and average values
used. The relative standard deviation of the concentration
of the oxygenated pollutants was below 12% for most
of organic acids detected and below 15% for most of
the carbonyl compounds and methanol (fuel R does not
emit other alcohols). A quantitative model relating the
exhaust concentration (in ppmv) with the contents of the
fuel components (in % of volume) was sought for each
pollutant: Exhaust Pollutant = a Fuel Componentl + b Fuel
Component2 +.... Using all experimental points, the r?, a and
b of the lines «Predicted Values» = a «Experimental Valuesy
+ b were estimated (table 3).

3. RESULTS AND DISCUSSION

3.1. Organic acids

Figure 1 shows that all fuels produce comparable
concentrations of formic acid, with aromatics, oxygenated
compounds and octane slightly enhancing the formation of
this compound. The comparison between iC8p and iC8T
fuels shows that toluene enhances the formation of exhaust
formic acid more than does isooctane (also confirmed by the
comparison between iC8 and T fuels, with 42% isooctane
and toluene, respectively). Oxygenated compounds enhance
the formation of formic acid, either because they produce
more precursors of this acid, or because they facilitate
the formation of the formic acid precursors coming from
hydrocarbons. Commercial fuel produces about the same
quantity of formic acid as the R fuel does. It is likely that
formic acid is a product of formaldehyde oxidation, but no

direct link was found between formaldehyde and formic acid
exhaust concentration.

No relationship was found between formic acid and
fuel H/C ratio, other physical properties of the fuel (octane
number, distillation curve...) or the exhaust concentration of
other compounds (CO, CO,, NO,, individual HC, aldehydes,
other organic acids). As formic acid is a light compound, it
must have multiple sources not directly linked to the initial
fuel composition. No detailed mechanism, based on these
results, can be proposed for the formation of formic acid.
However, the addition of an OH radical to an oxygenated C,
radical seems to be the most probable path for the formation
of this acid. Concerning the use of a 3-way catalyst, no
detailed data are currently available; from our experience,
tail pipe emissions of formic acid are expected to be higher
than engine out emissions, due to the oxidation of other
products in the converter.

60

Acetic acid Propionic acid  Butyric acid

Formic acid

Figure 1: Exhaust emission of formic, acetic, propionic and butyric
acids (in ppmv).

Zynua 1: Zoykévipwon uopunykixov, oikod, Tpomiovikod kot fov-
TOPIKOD 0EEWS OTa KADGOEPLO. (08 ppmV).

Figure 1 shows that all fuels produce comparable
amounts of acetic acid, with fuel cyclohexane, ethanol and
isopropanol slightly enhancing its formation. These two
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oxygenated compounds enhance the formation of this acid
probably because they produce more C, radicals, or they
facilitate the formation of acetic acid precursors deriving
from hydrocarbons. A comparison between iC8p and iC8T
(and also iC8 and T) fuels shows that toluene enhances
the formation of acetic acid more than does isooctane, but
toluene is not one of the major precursors of this compound.
Commercial fuel produces a little less acetic acid than fuel R.
No relationship was found between the exhaust concentration
of acetic acid and exhaust concentration of oxygen or other
compounds, exhaust temperature, H/C fuel ratio or other
physical properties of the fuel. Based on these results, no
detailed mechanism can be proposed for the formation of
acetic acid. However, the addition of an OH radical to an
oxygenated C, radical seems to be the most probable path
for the formation of this acid. No detailed data are currently
available for the tail pipe emissions of acetic acid, but, just as
formic acid, tail pipe emissions of acetic acid are expected to
be higher than the engine out emissions, due to the oxidation
of other products in the converter.

Propionic acid is clearly produced from fuel aromatics
(figure 1). Kawamura [8] noticed that fuel aromatics enhance
the formation of dicarboxylic acids and Zervas [21] presents
that in the case of a CI engine, a hydrotreated fuel, containing
more monoaromatics than a non hydrotreated one, enhances
the formation of propionic acid. To a lesser extent, the
addition of 5% of ethanol or isopropanol in the fuel (fuels
E5 and P5) also enhances its formation, probably because
these compounds facilitate the oxidation of aromatics or they
enhance the formation of the C, radicals, as can be the case
for isopropanol. The comparison between iC8p and iC8T
fuels shows the participation of toluene in the formation
of this acid; isooctane produces minimal concentrations of
propionic acid in comparison to the isooctane/toluene fuel.
As the aromatic content of the commercial fuel is higher
than that of fuel R, the former produces more propionic acid
than the latter. No correlation was found between the exhaust
concentration of propionic acid and that of oxygen or other
compounds, exhaust temperature or fuel properties (using
all the experimental points, or even only under lean or rich
conditions).

A quantitative model relates the exhaust concentration of
propionic acid with the percentages (in volume) of the fuel
components: Exhaust Propionic acid = a Fuel Benzene +
b Fuel Toluene + c Fuel Ethylbenzene + d Fuel o-Xylene.
The 7* of the line «Predicted Values» = a «Experimental
Values» + b is 0.975, indicating a very good accordance
between predicted and experimental values. According to
this model for an equal content of fuel components, 58% of
the exhaust propionic acid comes from fuel benzene, 19%
from fuel toluene, 17% from fuel ETB and the remaining
6% from fuel o-xylene (table 3). The mechanism of this acid
formation must be based on the opening of the aromatic
ring and the formation of two C, radicals, which are further
oxidized to propionic acid. The aromatic ring is probably

partially oxidized to a phenol or an aldehyde before opening,
as presented in the following reaction, but more data are
necessary to confirm this mechanism.

OH OH i
5
— —
o
OH OH o

H

No detailed data are currently available for tail pipe
emissions of propionic acid, but the initial results show
that its tail pipe emissions are lower than the engine out
emissions, due to its oxidation in the converter. This is also
applicable for butyric, acrylic and isovaleric acid.

Evidence suggests that butyric acid is produced from o-
xylene (figure 1). The other two isomers of xylene (p- and
m-xylene) are also probably precursors of this acid, but
these two compounds were not tested in our fuel blends.
All the other fuels tested produce lower quantities of butyric
acid; the two fuels which did not contain o-xylene (iC8p
and iC8T) did not produce it at all. As commercial fuel
contains more o-xylene than fuel R, it produces more butyric
acid than the latter. No correlation was found between the
exhaust concentration of this acid and exhaust oxygen or
other compound concentrations, or exhaust temperature.
As in the case of propionic acid, the following model can
correlate the exhaust concentration of butyric acid with the
percentages (in volume) of the fuel components: Exhaust
Butyric acid = a Fuel o-Xylene, with a. = 100%. The * of the
line «Predicted Valuesy = a «Experimental Valuesy +b is
0.930, indicating a very good accordance between predicted
and experimental values (table 3). The formation mechanism
of butyric acid must be similar to that of propionic acid: o-
xylene is oxidized to an oxygenated compound (phenol,
bi-phenol or cresol); the aromatic ring opens and the two
new compounds are further oxidized to acid. March (22, and
references therein) describes the formation of an acid after
a ring opening: adipic acid is formed from cyclohexanone
over CrO, as catalyst: C.C, O => HOOC-(CH,),-COOH. It
is likely that exhaust butyric and propionic acids follow a
similar reaction path.

Two other acids are detected in the exhaust gas of some
fuels in concentrations up to 2 ppmv: acrylic and isovaleric
acid. The obtained results are very scattered, but acrylic
acid is enhanced by 1-hexene, cyclohexane and octane,
while isovaleric acid is enhanced by o-xylene and ETB. The
commercial fuel produces almost the same concentrations
of these acids as fuel R. Acrylic acid must be linked with
the formation of acroleine, which is also produced from
1-hexene and octane. Cyclohexane enhances the formation
of this acid because it enhances the formation of exhaust 1-
henexe [10]. It is likely that isovaleric acid is formed after the
opening of the ring of o-xylene or ETB, and the formation of
an iC, radical. But, as already observed, o-xylene and ETB
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Table 3: Model coefficients for each exhaust hydrocarbon. Percentages of participation of each fuel component and v*, a and b of the lines

«Predicted Values» = a «Experimental Values» + b.

ITivaxag 3: Zovieleotés tmv noviélwy yia kabe vépoyovavipara. Ilocootd (%) tne GVUUETOXHS TOV KADE GVGTATIKOD TOV KAVGILOD Kol 12, a
kot b tv ypapuav «Ilpoflerniucves tipécy = a «lleipouotinég tuécy + b.

2

r a b
Propionic acid Benzene | Toluene ETB 0-Xylene
0.97510.970 | 0.643 58 19 17 6
Butyric acid o-Xylene
0.930 | 1.006 | -0.85 100
Methanol Hexane | Isooctane | Methanol | Ethanol | 2-Propanol | MTBE [ Constant
0.981 | 1.001 | 0.069 0.11 1.18 51.85 1.56 1.15 51.85 40.93
Ethanol Ethanol
0.990 | 1.004 | 0.096 100
2-Propanol 2-Propanol
0.990 | 0.999 | 0.009 100
Acetaldehyde Hexane | 1-Hexene | n-Octane | Ethanol | 2-Propanol
0.980 | 0.990 | 0.013 1.10 1.13 1.55 13.72 3.21
Acetone 1-Hexene | Benzene | Toluene 2- MTBE | Constant
Propanol
0.83 | 1.02 | -0.03 1.50 0.86 1.21 15.19 3.67 77.54
Benzaldehyde Benzene | Toluene ETB Xylene
0.970 | 0.996 | -0.01 6.10 42.6 32.37 18.93

do not enhance the formation of isopentane [23]; this radical
must already be oxygenated before its further oxidation to
isovaleric acid. This remark adds support to the hypothesis
that propionic and butyric acid are produced after the ring
opening of an already oxygenated aromatic compound. The
commercial fuel produces almost the same concentrations of
these acids as fuel R.

3.2. Alcohols

Figure 2 shows that, on stoichiometry, exhaust methanol
is principally emitted from the methanol blended fuels,
but also from MTBE. Fuel ethanol and 2-propanol also
contribute to the emission of exhaust methanol, as the
E5, E20, P5 and P20 fuels emit more methanol than fuel
R. This figure shows that methanol is also produced from
two hydrocarbons: hexane and isooctane. A comparison
between iC8p and iCS8T fuels shows that toluene does not
participate in the formation of methanol: the second fuel
emits 80% of the first one. Commercial fuel produces
about the same quantity of methanol as fuel R. Exhaust
methanol can come from the unburned fuel methanol, or
from a recombination of a CH, and OH radical, or a CH,O
and H (free or abstraction of an H from an hydrocarbon).
Following the first reaction path, isooctane enhances the

formation of methanol, probably because of the higher
amount of CH, radicals formed, confirmed by the higher
amounts of methane emitted from pure isooctane than from
isooctane/toluene [23]. But other fuels (such as octane or
xylene) also emit higher methane concentrations than fuel R,
without enhancing the formation of methanol [23]. Hexane
enhances the formation of methanol but emits lower methane
concentrations than fuel R [23]. Our results cannot prove the
second possible path (CH,O+H), as no relation between the
emissions of methanol emissions and formaldehyde was
found. The third reaction path (CH,O+RH=>CH,OH+R)
probably also takes place. A quantitative model relates the
exhaust concentration of methanol with the percentages (in
volume) of the fuel components: Exhaust Methanol = a
Fuel Methanol + b Fuel MTBE + ¢ Fuel Isooctane + d Fuel
Hexane + e Fuel Ethanol + f Fuel 2-Propanol + g. The r* of
the line «Predicted Values» = a «Experimental Values» +b is
0.981, indicating a very good accordance between predicted
and experimental values. According to this model, on
stoichiometry and for an equal content of fuel components,
the majority (51.9%) of the exhaust methanol comes from
fuel methanol, 5.9% from MTBE, less from 2% each comes
from ethanol, isooctane, 2-propanol and hexane, and the
remaining 40.5% from all other fuel components (table 3).
This last percentage is quite important and indicates that as
methanol is a light compound, its exhaust concentration can
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come from all fuel components.

Formaldehyde

2-Propanol

Ethanol
|

Methanol

COM

o
~
w
o
-
=

Figure 2: Exhaust emission of methanol, ethanol, 2-propanol and
formaldehyde (in ppmv).

Zynua 2: Xvyévipwon uelavolng, aibavolng, 2-mpomavoing kou
POPUOLIEDINS TTO KOVTOEPIO. (06 ppmy).

Ethanol and 2-propanol are products only of the
unburned fuel (they are only detected in the case of £S5, E20,
P5 and P20 fuels, figure 2). The absence of these alcohols
in the exhaust gas of other fuels indicates that CH,CH, and
(CH,),CH or CH,CH,0 and (CH,),CHO radicals, formed
during the combustion process, cannot react with OH or H
to give respectively ethanol and 2-propanol, but give smaller
compounds or aldehydes. The models Exhaust Ethanol=a
Fuel Ethanol and Exhaust 2-Propanol=a Fuel 2-Propanol
can be used. The # of the lines «Predicted Valuesy = a
«Experimental Valuesy + b is 0.99 for both compounds,
indicating a very good accordance between predicted and
experimental values (table 3).

3.3. Carbonyl compounds

The literature reports that exhaust formaldehyde is
produced from fuel methanol, ethanol and MTBE [15], and
also by the decrease of fuel aromatics [2], because these

compounds do not participate in its formation. Our results
are in accordance: figure 2 shows that fuels containing
42% of aromatics produce less HCHO than fuel R, and that
iC8T fuel produces 80% of HCHO exhaust concentration
comparing to iC8p. Formaldehyde is mainly produced
from octane, isooctane, methanol and MTBE. The addition
of methanol to fuel R increases exhaust HCHO by 40-
80%. The other three oxygenated compounds enhance the
formation of formaldehyde to a lesser extent (10-40%),
with little difference between low and high content of
oxygenated compounds. Commercial fuel produces about
the same quantity of formaldehyde as fuel R. The formation
mechanism of HCHO from methanol and MTBE is already
known [24]. The formation of HCHO from isooctane must
follow the same initial path as methanol (excess of CH,
radicals). As formaldehyde is the lighter aldehyde, it must
have multiple sources not always correlated with initial fuel
composition. For this reason, no model correlating its exhaust
concentration with fuel composition has been found.

The literature also reports that fuel ethanol increases
exhaust acetaldehyde, MTBE has no effect [12, 25], and a
decrease of fuel aromatics increases its emission [2]. Our
results are in accordance with those presented: exhaust
acetaldehyde is principally produced from fuel ethanol
(figure 3). Toluene and xylene decrease exhaust acetaldehyde
compared to fuel R and fuel iC8T produces less (85-90%)
acetaldehyde than fuel iC8p. Exhaust acetaldehyde is
also produced from the straight chain hydrocarbons: n-
hexane, 1-hexene and n-octane. Methanol and MTBE do
not significantly influence its emission, but 2-propanol
enhances it, especially at high content (P20). Commercial
fuel produces less exhaust acetaldehyde than fuel R due to
its higher aromatic content. The addition of ethanol to fuel R
increases exhaust acetaldehyde by 80-280%, of 2-propanol
by 20-70%, while the changes due to addition of methanol
and MTBE are within -15 to 15%. The formation mechanism
of acetaldehyde is already known [24]. Straight chain
hydrocarbons enhance the formation of acetaldehyde by the
C, radicals produced from B-scissions. A model can correlate
the exhaust concentration of acetaldehyde with the content
of fuel ethanol, n-hexane, 1-hexene, octane and 2-propanol:
Exhaust Acetaldehyde = a Fuel Ethanol + b Fuel n-Hexane
+ ¢ Fuel 1-Hexene +d Fuel n-Octane + e Fuel 2-Propanol +
e. The r* of the line «Predicted Values»=a, *«Experimental
Values»+b, is 0.98, with a, 0.99 and b, 0.013, indicating a
very good accordance between predicted and experimental
values (table 3). According to this model, on stoichiometry
and for an equal content of all fuel components, 13.7 % of
the exhaust acetaldehyde comes from fuel ethanol, 3% from
fuel 2-propanol and 1-1.7% each from hexane, 1-hexene
and octane. The other 79% comes from all the other fuel
components (from the C, radicals which are further oxidized
to acetaldehyde). In the case of fuel R, the addition of
ethanol increases the exhaust acetaldehyde linearly: Exhaust
Acetaldehyde=a*Fuel Ethanol+b, (with a=0.208 and
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b=1.6). The exhaust concentrations of these two compounds
are also linked (figure 4). The line Exhaust Concentration of
Acetaldehyde=2.51 Exhaust Concentration of Ethanol+1.47
indicates that the majority of fuel ethanol is oxidized to
acetaldehyde and only 1/2.5 is emitted as ethanol.

Exhaust acroleine is principally produced from fuel
1-hexene (figure 3); octane probably contributes to its
formation. The addition of oxygenated compounds in fuel
R does not influence the emissions of this pollutant (a very
slight decrease can be observed for the four high oxygenated
content fuels), indicating that oxygenated compounds must
slightly enhance the oxidation of acroleine precursors.
The addition of toluene to isooctane does not influence
the quantity of formed acroleine and the commercial fuel
produces about the same quantity as fuel R. As almost
all fuels give about the same exhaust concentration, this
pollutant must have multiple sources and for this reason, no
model was found.

Propionaldehyde

Acetone

Acroleine

Acetaldehyde
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Figure 3: Exhaust emission of acetaldehyde, acroleine, acetone and
propionaldehyde (in ppmv).
2ynua 3: ZoyKEVIpwon OKeTOAGEDONS, OKPOLEIVHG, OKETOVHS KOl
TPOTLOVALIEDONS 0T KOVGAEPLO. (06 ppmy).

Exhaust acetone is principally produced from fuel 2-
propanol, isooctane, hexane, octane and MTBE (figure

5) [2, 14]. The addition of methanol and ethanol does not
decrease the exhaust acetone, indicating that they enhance the
oxidation of acetone precursors. Aromatics do not participate
in its formation as they decrease its exhaust concentration.
Commercial fuel produces about the same concentration
of acetone as fuel R. The model Exhaust Acetone = a Fuel
2-Propanol + b Fuel Hexane + ¢ Fuel Octane + d Fuel
Isooctane + e Fuel MTBE + fis valid. The 7 of the line
«Predicted Valuesy = a «Experimental Valuesy + bis 0.83,
indicating a quite good accordance between predicted and
experimental values (table 3). According to this model, for
an equal content of fuel components, 15% of exhaust acetone
comes from fuel 2-propanol, 3.7% from fuel MTBE, and less
than 2% each from fuel hexane, isooctane and octane. The
remaining 77% comes from all the other fuel components.
As in the case of acetaldehyde, the addition of 2-propanol in
fuel R increases exhaust acetone linearly: Exhaust Acetone=a
Fuel 2-Propanol + b, (with a = 0.158 and b = 0.71). The
exhaust concentrations of these two compounds are also
linked (figure 4). The line Exhaust Concentration of Acetone
= 2.38 Exhaust Concentration of 2-Propanol + (.85 indicates
that the majority of fuel 2-propanol is oxidized to acetone and
only 1/2.7 is emitted as alcohol.

Exhaust propionaldehyde is produced from the straight
chain hydrocarbons (hexane, 1-hexene and octane, figure
3). Fuel aromatics decrease its exhaust concentration. The
addition of oxygenated compounds does not influence
its exhaust concentration. But as no decrease of this
concentration occurs (because of the decrease of the straight
chain hydrocarbons content), it is probable that oxygenated
compounds facilitate the oxidation of the propionaldehyde
precursors. Fuel iC8 produces a slightly higher concentration
of propionaldehyde than fuel iC87, indicating that isooctane
can generate a C, radical that forms propionaldehyde slightly
more easily than can toluene. Commercial fuel produces less
propionaldehyde than fuel R, due to a higher content of
aromatics. No model correlating its exhaust concentration
with fuel composition was found, indicating that this
pollutant has multiple sources, more than those presented
above.

Crotonaldehyde is principally produced from fuel 1-
hexene and cyclohexane (figure 5). Hexane and octane
slightly contribute to its formation. No significant
differences were observed between iC8 and iC8T fuels,
indicating that isooctane and toluene participate equivalently
in its formation. The addition of oxygenated compounds in
fuel R does not influence its emission, indicating that they
enhance the oxidation of its precursors. Commercial fuel
produces about the same quantity as fuel R. As many fuel
compounds can give C, radicals, no model correlating the
fuel composition with the exhaust concentration of this
pollutant was found.

Exhaust methacroleine is clearly produced from fuel
isooctane (figure 5) by the formation of isobutene as
intermediate product [2]. The comparison between iC8 and
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iC8p fuels shows that the latter produces about 80% of the
methacroleine of the former. Even if MTBE is suspected to
enhance the formation of methacroleine (because both can
produce a (CH,),C=CH, radical) our results show no clear
tendency between fuel MTBE and exhaust methacroleine.
The addition of oxygenated compounds does not influence
the exhaust concentration of this pollutant, indicating that
they facilitate the oxidation of isooctane or the intermediate
radicals. Commercial fuel produces lower concentration
of this pollutant compared to fuel R, due to lower content
of isooctane. The model: Exhaust Methacroleine=a*Fuel
Isooctane is valid. The 7* of the line «Predicted Values»
= a «Experimental Valuesy + b is 0.94, indicating good
accordance between predicted and experimental values. The
addition of MTBE to this model gives a poorer correlation:
the * is only 0.69, indicating that MTBE does not participate
in the formation of this pollutant.

O Acetaldehyde versus ethanol y=2.51x+1.47

[ ] Acetone versus 2-propanol, y=2.38x+0.85

©

Acetaldehyde / Acetone
(Exhaust concentration, ppmv)

0 T I T I T

1 2
Ethanol / 2-Propanol
(Exhaust concentration, ppmv)

Figure 4: Exhaust emission of acetaldehyde and acetone versus
exhaust concentration of ethanol and 2-propanol (in
ppmy).

Zynuo 4: Zoykévipwon axetoAdE0ONS Kol OKETOVHG TPOS THY OV-

yKEVIpWON 0100VOANS Kol 2-TPOTavOIng oto. Kavoaépia
(o ppmv).

Exhaust benzaldehyde is produced from fuel aromatic
hydrocarbons [2, 10]. The major source is fuel toluene,
followed by ETB (figure 5). A comparison between iC8p and
iC8T fuels shows that isooctane produces small quantities
of this pollutant, but the majority comes from toluene.
The literature reports that benzaldehyde exhaust emission
decreases with the addition of oxygenates [24], but our results
do not show this trend. The low oxygenated content fuels
slightly enhance the formation of benzaldehyde, probably
because of the enhancement of aromatics oxidation. The
model: Exhaust Benzaldehyde = a Fuel Benzene + b Fuel
Toluene + ¢ Fuel ETB + d Fuel o-xylene is valid. The r* of

the line «Predicted Valuesy=a «Experimental Values» + b is
0.97, indicating a very good accordance between predicted
and experimental values (table 3). According to this model,
on stoichiometry and for equal fuel compound contents,
42.6% of the exhaust benzaldehyde comes from fuel toluene,
33.4% from ETB, 18.5 % from o-xylene and the remaining
6% from fuel benzene. This indicates that, on stoichiometry,
the oxidation order is toluene>ETB>o-xylene>benzene.

4

MEK+

Crotonaldehyde Methacroleine Butyraldehyde Benzaldehyde

Figure 5: Exhaust emission of crotonaldehyde, methacroleine,
MEK+n-butyraldehyde and benzaldehyde (in ppmv).

Zynua 5: Xoykévipwon kpotovaidevons, usboxpoieiving, MEK+v-
Povtopaldedons  kor  Pevialdedons ota  kavoaipio

(o€ ppmv).

3.4. Influence of fuel properties

Four  aldehydes  (formaldehyde,  acetaldehyde,
propionaldehyde and benzaldehyde) are linked with the H/C
ratio of the fuel used: the first three aldehydes increase with
this ratio while benzaldehyde decreases. The reason is that
benzaldehyde is produced from fuel aromatics, which have
a low H/C ratio; the opposite applies in the case of the other
three aldehydes. The other aldehydes do not present such a
correlation.

No correlation between the exhaust concentration
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of the detected pollutants and fuel physical properties
(octane number, distillation curve, ...) were found (using
all the experimental points, or even only under lean or rich
conditions).

3.5 Percentage of the oxygenated pollutants in the other
exhaust pollutants

The quantity of each acid, as a percentage of the total
acids emitted from the commercial fuel, is: formic 0.8%,
acetic 24.6%, propionic 44.0%, butyric 29.6%, acrylic
1.0%, isovaleric 0%. These percentages are calculated as
the number of carbon atoms for each acid divided by the
total number of carbon atoms of all the detected acids. The
major organic acid emitted is propionic acid (due to fuel
aromatics) followed by butyric (due to o-xylene) and acetic
acid. Concerning the other fuels used, these percentages vary
from 0.5- 3% for formic acid, 12-90% for acetic, 8-80% for
propionic, 0-45% for butyric, 0-6% for acrylic and 0-3%
for isovaleric acid. Propionic, butyric and acetic acids are
still the three major acids. The major carbonyl compound
emitted from the commercial fuel is benzaldehyde (36%,
due to fuel aromatics), followed by formaldehyde (31.5%),
acetaldehyde (9.4%), acroleine (8.9%) and acetone (6.1%),
while the others are less than 2%. Concerning the other fuels,
these percentages vary from 25-47% for formaldehyde,
6-30% for acetaldehyde and 1-50% for benzaldehyde.
Concerning alcohols, £5 and E20 fuels emit respectively
71 and 91% of ethanol and P5 and P20 fuels 72 and 92% of
2-propanol; the remaining is methanol. All other fuels emit
only methanol.

Concerning the comparison between the organic acids and
the other exhaust pollutants (total unburned hydrocarbons
and aldehydes), all the fuels used emit the following on
stoichiometry: total HC (measured by FID): 457-1131 ppm,
aldehydes 21-42 ppm, acids 35-291 ppm. Organic acids
represent 4-27% of the total HC correspond to 1.2-10 times
more than aldehydes. In the case of the commercial fuel on
stoichiometry, organic acids are 24% of the total HC, and
6.5 times more than aldehydes. Formic acid corresponds to
0.1% of the total HC, acetic to 3.2 %, propionic to 14.8%,
butyric to 5.4% and acrylic to 0.2% (in ppm C). In the case of
the commercial fuel, methanol corresponds to 0.02% of the
total HC and carbonyl compounds to 3.5%. Formaldehyde
corresponds to 1.1% of the total HC, acetaldehyde to
0.3% and benzaldehyde to 1.2%. The higher percentage
of methanol is 0.6% in the case of M20 fuel. Carbonyl
compounds vary from 2.3% (xylene fuel) to 6% (E20 fuel)
of total emitted HC.

4. CONCLUSIONS

The main conclusions of this work are the following:

- Formic acid is enhanced by fuel aromatics and
oxygenated compounds, while these last compounds also
enhance the exhaust concentration of acetic acid. Propionic
acid is produced from fuel aromatics, while butyric acid
comes from o-xylene.

- Methanol comes from oxygenated compounds but also
from hydrocarbons, while ethanol and 2-propanol come only
from the corresponding fuel components.

- Formaldehyde is mainly produced from fuel
oxygenated compounds, acetaldehyde from fuel ethanol
and propionaldehyde from fuel straight chain hydrocarbons.
Exhaust acroleine comes principally from fuel 1-hexene,
while acetone from 2-propanol, n-hexane, n-octane,
isooctane and MTBE. Exhaust crotonaldehyde comes from
fuel 1-hexene, cyclohexane, n-hexane and n-octane, while
methacroleine from fuel isooctane, and benzaldehyde from
fuel aromatics.

- Light pollutants (C,-C,) are more likely formed from
intermediate species, which are quite independent of fuel
composition.
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Extetouévn mepiinyn

Entopaon ¢ Xvotaong tov Kavoipov otnv Exmopm)
O&vyovouévav Portov (Opyavikd O&éa, ALKoOAES,
Kappovvikéc Evooeic) amo Eéva Beviivoxkivnmipa

E.ZEPBAX
Ap Xnpkog Mnyovicdg

Hepilnym

Evag feviivokivitiipag ypnoipomorfnie yio. v ueléty e emi-
opaong g oOVOeaNS TOV KOVGIUOD OTIG EKTOUTEG TV OPYOVIKODV
08wV, TV alko0A®V KoL TV Kapfovolikdv evacewv. Ao €10ikég
UNTPES KADTILLOD YPHOWLOTOIO0VTOL: 1 TPWTH TEPIEYEL OKTW VIPO-
yovavlpokeg kai 1 0e0TEPN ETIONG TEGOEPIS OCVYOVWUEVES EVEIOTEIG.
To. opyovika oléa Twv KavoagpiwV eVIGYDOVIOL A0 TIS OPOUOTI-
KéG Ko TIG 0L0YOVmUEVES evaoels Tov kavaiiov. Ot aAkooles TwV
KODOOEPIWY EVIGYDOVTOL OO TIG 0EVYOVOUEVES EVATELS, LMD, oTV
wepinmtwon g peBavoing, kar amwo uepikovg vopoyovavlpores. H
POPLOAIEDON TPOEpyeTal Kupiws amd v uebavoin tov kavaiiov,
N OKETAAIEDON omo TV aibovoln kot N TPOmOVALOeDLdn ard Tovg
vopoyovavlpakeg evbeiag alvoidog. H axpoleivy mpoépyetor and
10 1-e£évio, 11 akeToVy amo TV 2-TPomavoly, to eCavio, To OKTAVIO,
70 1000KTAVIO Koi T0 MTBE. H KKpotovaidedon mpoépyetor amo o
1-e&évio, 10 KVKLOECGVIO, TO £CGVio Kot TO OKTAVIO, N [LeBakpoleivy
amo 10 1600KTAVIO KoL 1 PeVEOAIEDON Ao TIG APWUATIKEG EVAOTEIS
tov kawaiuov. Ot ehagpoi pbmor (C-C,) diauoppavoviar mbavéra-
70 IO EVOIGUETO. EION TOV EIVOL OPKETC. AVECAPTNTO OTO TH OPYIKN
obvhean tov kavoiuov. Ilapovoidlovial didpopa [oVIEAR TOL G-
oeTiCOVY TH GUYKEVIPWOH OVTOV TWV POTOV OT0. KODGOEPLO, UE TH
00VBean TV KOVOILOV.

1. EIXATQT'H

Ot cvoyetiopol PeTaEd TOV EKTOUTMOV TOV POTOV KoL
g ovvBeonS Tov Kawoipov amd TIg Bevivounyavig £xovv
gpevvn et oy mepinTmon opobemnuévev ponov [1, 2]. Ta
KOGOEPLOL TEPLEYOVY QUG KOl SLAPOPOVG EO1KOVG POTOLG,
OM®G 01 OAOEVOES, Ol AKOOAEG KOl TaL opyavikd o&éa, ot
omoiot dev &yovv akopa epeuvn el Aemtopepms. Ta opyavikd
o&éa cvufdarriovv oto oynuatiopnd 6&vng Bpoxns [3, 4]. Ta
ATLOGQUPIKE OpyaviKd 0&Eo TPOEPYOVTAL OO TOAAEG TiN-
véc, pla amd TG omoieg efval Ol EKTOUTEG TV AVTOKIVITOV
[7, 8]. Ot kapPovuAIKEG EVDOELG EKTEUTOVTOL OO TOVG KIVT)-
THPEG G TPOIOVTO TNG 0TELOVS KADOTG TV VOPOYyoVavOpd-
KOV 1 TOV 0ELYOVOUEVOV EVOGE®MV. AVTOL 0L pOTTOL £XOVV
TOMOTAEG TTNYEG, OAAG TO KOVGAEPLO KIVIITHP®V Bempeitat
®¢ pio omd T onpavtikotepeg [13]. H obvBeom tov kow-
Yropinbnxe: 24.10.2003 Eyve dexcrij: 3.12.2004

X. MONTAGNE
Ap Xnpikodg Mnyovicog

J. LAHAYE
Kabnynmg IL.A.A.

cipov pmopel va emmpedost 11 ekmounég Tovg [2]. Avti 1
gpyacio Tapovotdlel TNV emidpoon g ovvheong g Pevii-
VNG OTIG EKTOUTES TV OPYOVIKOV 0EEDV, TOV AAKOOADY KoL
TOV KOPPBOVOMKOV EVOCEDY Ao ia. fevivokiviTn punyovr.
Ewdkd kovoya, mov mepiéyovv vdpoyovavipokes kot o&o-
YOVOUEVEG EVGELC, KOl EVO EUTOPIKO KOVGLLO XPTGLOTOL-
Nonkav 6" avtv v perétn. Me Bdon ta amoteréopata,
npoteivovtal pepkoi mbavol dpoOpHoL CYNUATICHOD QVTOV
TOV EVOGEMV.

2. IEIPAMATIKO MEPOX

‘Evag xivnmipag CFR ypnowonomdnke yo avty v
gpyacio. AvTog 0 KvnTipog eivol o kP HOVOKOAVOpN
unyavy (611 em?®) mov ypnoonoteital yio Tov Tpocdlopt-
opd Tov optBpod OKTAVIOVL. ETOLEIOUETPIKES GUVONKEG Y®-
Pig KATAAVTIKO PETATPOTEN YPTCLULOTOONKAY Y10 QVTH TNV
peAéTN. ypnoomomBnkay dvo pnTpeg kKovsipov. H tpd
TEPLEYEL OKTM VIpOYoVavOpakes (mivaxag 1), evd 1 debtepn
TePLEYEL KOt TEGTEPIS 0&vyovopéveg evaoels (Tivakag 2). To
KOOGIO ovapopds R mepiéyel ico m0c0oTd 0md Kabe puo
a7to TIG OKTM EVACELS, EVD T, GAAN KOVGOLLO TEPLEYOLY 42%
€vOg TpmTapy Koy cvotatikod. H o&uyovopévn uitpa amo-
kOnke pe v TpocOnkn 5% N 20% piag amd Tig TEcoEPIg
0&VYOVOUEVEG EVOGELS GTO KOOGIHO R. AVO amdhd Kovoylo
emiong ypnoyoromdnkav: iC8p, To omoio givar kKabapod 160-
oxtdvio kar iC8T, 10 omoio givan Eva piypo 80% 1cooxtaviov
kot 20% toArovoAiov. Tekikd, Evo eumoptkd KOOGILO EMIONG
e€etdoTNKE.

To opyovikd o&éo cvAAEYOMKov pe TN SdPacn evog
HEPOVG TOV Kowcoepiov HEC® dV0 QuMdiOV Tov TPLé-
youv amovicpévo vepd. To telkd duddopo avordbbnke pe
V0 pHeBOOOVG: OVIIKN XPOUOTOYPAPiD Yoo TNV avAALCN
o0V puppnkikod o&éog, kar GC/FID yia v avdivon tov
avotepov o&émv. 'E& o&éa: popunkikod, o&ikd, Tpomovi-
K0, aKpLAKO, Povtupicd kot ooPoiepikd, Ppébnkav ota
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KOVGOEPLO, OE OAVIYVEVGIUEG GLYKEVIPMOGES. Ot 0AKOOAEG
oLAAEYOMKav pall pe Ta opyavikd o&éa kot To TEAMKO o6~
Aopa avaiodnike pe GC/FID. H peBavoln, n atBoavoin kot
N 2-wpomavorn Ppédnkav oto kavcaépta. Ot KapPovorikég
EVOGELS GVAAEXONKAY G va 0EIVO LAV SIVITPOPEVVAL-
dpalivng (DNPH) og aketovitpido Kot To TeMKO StdAvpa
avaivdnke pe HPLC/UV. Addexka evioelg aviyvedhnkov
GT0 KOVCAEPLOL.

[Tévte dwa onpeio Tov Kowcipov R ypnoLomomdnkay
Yy vo. 0EI0A0YCOVY TV EXOVIANWILOTNTO TNG UNYAVIS
Kol TOV ovaALTIKOV peBOdmv. Oleg ot dAleg petproelg
&ywov 000 popEg Kot ypnoporombnkay ot péoeg tpég. H
OYETIKY TLTIKT OTOKAIGT TNG CLYKEVIPWOOTG TOV 0ELYOVM®-
pévov ponov givar kdto and 12% yuo ta teprocdTepa and
To opyavikd o&éa kot k4t and 15% yo T mePlocoTEPES
a6 TIG KapPovorKéG EVAOGELS Kol TNV HeBavoin (To kadoLo
R dev exmépmer AN aAkooln). Eva ypoappikd poviédo mov
oLoYETICEL TN CLYKEVTPWOOT) TOV POHTOV TOV KAVCUEPI®V LE
T0 TOGOOTO TOV CLGTUTIKOV TOL Kavoipov e&etdletar Yo
kG0 Evoon.

3. AIIOTEAEXMATA

3.1. Opyavika o&éa

To oyfuo 1 mapovoidlel 6TL OAa To KOVGLLO TAPAYOLV
OULYKPIOIES CUYKEVIPAOOELS HOPUNKIKOD 0EE0G, HE TOVG
APOUATIKODS VIPOYOVAVOPUKES, TIC 0EVYOVOUEVES EVAHGELS
KOL TO OKTAVIO VO, EVICYDOVV EAQPPE TOV GYNUOTIGUO TOV.
Agdopévov 6tL 10 pupunkKikd o&D givar po Elappld Evoon,
TPETEL VOl £(EL TOMOTAEG TINYES O)L AUEGH CLUVOEDEUEVES e
™V apykn ocbvheon tov Kawaoipov. Kavévag Aemtopepng -
YAVIGHOG, TOV VO, BocileTol LOVO 08 QVTA TO. ATOTEAEGLLATAL,
dev pmopet vo Tpotafel Yo T0 SYNUATIOUO TOL HUPUNKIKOD
o&éog.

To oyfua 1 mapovoidlel 6TL OAa To KOVGLLO TAPAYOLV
ovykpioa mood ofwod o&éog, pe To Kvkhoefdvio, TV
a1favOA] Kol TNV IGOTPOTOAVOAN VO EVIOYVOLV EAAPPE TO
CYNUATICUO TOL.

To mpomiovikd 0&D TAPAYETUL CAPDG GO TOVG OPOLLATL-
Kovg vdpoyovavOpakes (oynpa 1). O Kawamura [8] napa-
mMpNoe 0Tl 01 APOUATIKEG OVGIEG TOV KOVGIHOV €VicyhoLvV
T0 OYNUOTIOHO TOV SkapPoluAk®dv 0&émv Kol o Zervas
[21] mopovoudlel v TEPInTOON HIOG TETPEAALOKIVIITING
UNYAVIG, OOV €VaL LOPOYOVMOUEVO KOOGULO HE LEYOADTEPO
TOGOOTO LLOVOUPOUUTIKOV VOPOYOVOVOPAK®OV EVIGYVEL TO
OYNUOTIOUO TOV TPOTIOVIKOD 0&€0g. Ze évov HKPOTEPO
Bobpod, n abavodn kot 1 16oTPoTAVOLN EVIGYDOVY TO GYN-
poticpo Tov (kavowyo £S5 kot P5). Eva poviélo cvoyetilet
TNV GLYKEVTPMGT] TOV TPOTLOVIKOV 0EE0G LLE TOL TOGOGTA TV
GLGTATIKAOV TOV KOVGIHOV. ZOUPOVA LE AVTO TO HOVTEAO, TO
58% tov mpomovikov 0&€og mpoépyovial amd To PevioAio
OV KOGipov, To 19% and to ToAovoiio, to 17% oand to
ETB «ot 10 vadromo 6% and to 0-EvAdio (wivaxag 3). To

Bouvtupikd o0&y mapdyetar amd To 0-EvAoAo (oxnua 1). Ta
Lo 500 1oopepn Tov ELAOAIOL (7 - Ko P-EVAOAI0) givarn -
Bovd Tpddpopot avTov TOL 0EE0G, HALG 0LTEG 01 VO EVMGELG
dev mepthappdvovtol ota yprnoyomooveva kavoia. ‘Eva
LOVTELO UTOPEL VO, GUOYETIOEL TN GLYKEVIPMGT TOV BOvTL-
PKoL 0&£0G LE TOL TOCOGTA TV GLCTOTIKOV TOV KOVGILOV
(100% amd 10 0-ELVAOAI0).

AVO Al 0&€a £XOVV AVIYVEVTEL OTO KAVCOEPLO LEPIKDV
KOUGILL®V GE GLYKEVTIPDGELG LEXPL 2 pPMV: TO OKPVALKO Kot
10 ooPareptcd 0&D. Ta mepapoTikd omotelécpoto givat
oA drdomapta, aAAG TO aKPLAKO 08D evicyvetat amd o 1-
€&av10, T0 KUKAOEEAVIO KOL TO OKTAVIO, EVD TO 1G0PAAEPIKD
0&V evioyvetat omd to 0-EvAdAo kat to ETB.

3.2. Ahkooreg

H pebavoin tov kavcoepinv Tpospyetol Kupimg amd v
pebavorn tov kovsipov, aArd kot ardé MTBE, v aiBavo-
An, 2-mpomavorn kail 600 vVdpoyovavOpakes: To EAVIO Kot
70 1600KTAV10. Eva poviélo cuoyetiletl tn cvykévipoon g
pebavOANG e T0 TOGOGTA TOV CLGTOTIKOV TOV KOVGIHLOV.
Yoppove pe avtd, n mieoyneia (51.9%) g pedavoing
TPoEPYETOL amd TV HeBavOAN Tov Kawsipov, to 5.9% and
MTBE, «at, Myétepo amd 2% 1o kabéva, abavorn, 16oo-
KTAV10, 2-TpomovOAn Kot €£avio, evd To vroiouro 40,5%
a6 OAO TO VIWOAOUTO GUGTATIKG TOL KOVGIHoVL. Avtd TO
TELELTALO TTOGOOTO £ival OPKETA GMUAVTIKO KOl JELYVEL OTL
a@ov OtL 1 peBavorn givar o ehappid Voo, propel Tpo-
KTIKA vo TpoéABel omd OAo To GLOTOTIKG TOL Kovoipov. H
a18avoAn kot 1 2-mpomavodn gival TpoidovTa LLOVO TOV (KO-
GTOV KOUGILOV.

3.3. Kappovohikég evoroelg

H Biproypaeio avapépel 6TL 11 OPLOASELON Topdye-
Tot oo TV peBovOAn TOL KOWGIHov, TV oBavoAn Kot To
MTBE [15]. Ta amoteAéopatd pag deiyvouv 0Tl 1 OpLOi-
dg0dN mapdyeTaL KUPIMG OO TO OKTAVIO, TO IG00KTAVIO, TV
pebavorn kot to MTBE. H wpoctnkn tov o&uyovopévov
evace®v 610 Koo R av&avel tny HCHO. Agdopévou ot
1 QOPLOASEVOT| Elvar 1) EAAPPVOTEPT AASEVOT|, TPETEL VAL £XEL
TOMOTAEG TINYEG OYL TAVTO GUGYETICUEVEG LE TNV OPYIKT
obvvbeon Tov kavoipov. o avtdv Tov AdYo, KavEVH LLOVTEAD
TOL VO GUGYETICEL TN GLYKEVTPWOT) TNG HE T cuVBEST Kow-
oipov dev €xet Ppebet.

H axetaidedon mapdyetot koping amd v afavorn tov
kavoipov (oynua 3) [12, 25]. H aketoddendn mopdyetot emi-
omng and Tovg VOPoyovavOpakeg evbBeiag alvcidag: kK-eEdvio,
1-e€vi0 KOl K-OKTAVIO Kot €Miong amd TNV 2-TPOmavOAn).

‘Eva povtélo pmopel va cuoyETIGEL TN GLYKEVTIPMON TG LE

TO TTEPLEYOLEVO TMV GLGTATIKAV TOL KAVGILOV. LOUPOVO. LUE
avtd T0 povtého o 13.7% ng akeToAdeHONG TPOLPYETUL
amo v afavoln tov kavcipov, 10 3% and v 2-tpoma-
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voan kot 1-1.7% 1o xaBéva and 1o e&dvio, to 1-e&dvio kan
10 oktavio. To voéromo 79% mpoépyetTor omd oA To AL
GLOTOTIKA TOL KOVGIHOV. ZINV MEPIMTMOOT TOL KOVGIHOU
R, n mpocOfkn g atBavoing av&hvel YpoppKe TV oKe-
TaAOEVOT. Ol GUYKEVIPMGELG AVTMV TOV OV0 EVOCEDMV GTA
Kavcaéplo eival ETiong cuoyeTIGUEVES (oYL 4).

H axpoleivn mapdyetoar kvpiog and 10 1-g&évio tov
kavoipov (oynua 3), evéd 1o oktdvio mhavd cupPaiiel 6To
OYMUOTIOUO TNG. AedopEVOD OTL GYESOV OAL TOL KADGLLLOL TTOL-
payovv oyedov TNV id10. GLYKEVTP®GT), ALTOG O POTTOG TPEMEL
Vo EYEL TOAAATAEG TTNYEG KOL Y10 OVTOV TOV AOYO KOVEVQ
povtéro dev Ppébnke.

H axetdévn mapdyetor kopiog amd v 2-tponavorn, 1o
1600KTAV10, TO ££GVI0, TO oKkTAVIo Kol T0 MTBE 10U xawoi-
pov (oynua 5) [2, 14]."Eva povtédo cvoyetilel v axetovn
UE TNV 6V0TOGT TOL Kovoipov. Xopeova pe avtd, to 15%
NG OKETOVIG TPOEPYETOL OO TNV 2-TPOTAVOAN TOV KAVGi-
pov, 70 3.7% amd 10 MTBE, kot Aiydtepo omd 2% 1o kabéva
a6 1o €£Gvio, TO 1G00KTAVIO KOl TO OKTAVIO kavcipov. To
vorouro 77% Epyetal amd OAA TO VTOAOUTO. GLCTUTIKA TOL
Kkawoipov. Onmg oty mepinton g aKeTAAdEVING, 1 TPO-
oOnKn g 2-TpomavOAnG 6TO KAVOIHO R ovEAveL YpopLpied
MV akeTOV. Ol CLYKEVIPAOGEIS QVTOV TOV 600 EVDGEDV
070 KOVoAEPL VOl Eival ETIONG CLCGYETIONEVES (TYnL 4).

H mpomiovordehdn mapdyetor amd tovg vdpoyovavipa-
keg evbeiag oivoidog (e&avio, 1-e£dvio kot oKTAvVIO, oYL
3). Kavéva povtého mov cuoyetilet T cuykEVIpmon G e
N oOvBeon Tov Kowacipov dev Ppébnke, deiyvovtag 6Tl AVTog
0 pOTOG £xel TOAAUTAEG TINYEG, TEPIGCOTEPEG GO AVTEG TOV
napovcialovral 0. H kpotovardsvon mapdyetor kopiog
amd 1o 1-g&évio kat To KukAogEAVIO TOL Kavoipov (oo
5). Agdopévon 0Tt TOAAEG EVADCELS TOV KAVGIILOL UTOPOVV VO,
dmoovv pileg C,, kavéva poviéro mov cuoyetiCel  chvieon
KODGILLOV [LE TN GLYKEVTP®GT GLTOV TOV PUTOL dev Ppébnke.
H pebaxpoleivn mapdyetor capdc and T0 1600KTAVIO TOVL
Kkovoipov (oynua 5) and 10 oyNUATIcpd Tov toofovteviov
®¢ evoldpeco mpoiov [2]. Ta anotedéopatd pag dev Lo~
vilouv kopia caen téon petagd tov MTBE tov kavoipov
kot ¢ pebakpoieivng. H Bev{oAdenon mapdyeTol amd Toug
apOUATIKOHS VOpoyovavBpakes Tov Kavsipov [2, 10]. TTho
OMLOVTIKT] TNYN €ivoit TO TOAOLOALO, 0KOAOVOOVLEVO amd TO
ETB (oynua 5). Zopeova pe To HovtéAo autod Tov pOTTov,
10 42.6% g Peviordedhong mpoépyeTol and T0 TOAOVOALO,
10 33.4% an6 to ETB, 10 18.5% amd t0 0-EuAOAI0 Kot TO
voroumo 6% oamd to Pevioiio.

3.4. Enidpaocn TOV 1010THTOV TOV KOVGIP®OV

Téooeplg aAdendeg (QOPUAAIEDDT), AKETAAIEVDT, TPO-
movaAdendn Kot Pevioddeddn) eivar cvvoepéveg pe v
avaroyia H/C tov koveipov.

3.5 10606716 T®V 0EVYOVOREVAOV POV GTOVS GALOVG
poTOVG

Vv mepinTon Tov EUTOPIKOD KOVGILOV, TO OPYOVIKE
o&éa gival to 24% twv cuvolkd@v HC kat 6.5 @opég mepio-
06tepo and Tig oAdevdec. To pupunkikd o&H avtiotolyel o
0,1% tov cvvolkod HC, 10 0&kd o€ 3.2 %, T0 Tpomovikd
oe 14.8%, 10 Povtupikd o 5.4%. H pebovoin avtiotoyyel
o€ 0,02% tov cuvolkdv HC kot 1 oppardendn oe 1.1%, n
axeTordevdn o 0.3% kot ) Peviordendn oe 1.2%.

4. XYMIIEPAXMATA

To Baoikd cupmepdopate avTig TG Epyociag ival ta
axorovfa:

- To popunkicd o&H evicyvetar amd TG OPOHOTIKEG
Kot TIG 0EVYOVMUEVEG EVAGELS TOV KOVGIHOV, EVE OVTEG Ol
TELEVLTALEG EVAOOELS EVIOYVOVV EMIONG T1] GLYKEVIPMGT TOL
0&wkob 0&€oc. To TpomoviKod 0D TPOEPYETUL OO TIG UPOLLOL-
TIKEG OVOIEG TOV KAVGIHLOV, EVD TO PBouTuptkd 0&D TPoLpye-
Tt ato T0 0-EVAOALO.

- H peBavoin npoépyetot and 11 0EVYOVOUEVES EVOGELS
OALG KoL Ao TOVG VOPOYOVAVOPAKES, EVD TO BOVOAN KoL )
2-pomavOAN TPOEPYOVTOL LOVO OO TO, OVTIGTOLY0 GLOTOTL
K6 ToV Kowoipov.

- H poppordedon mopdyetor kupimg amd Tig 0EuyovmpLe-
VEG EVDGELG TOV KOWGILOV, 1) AKETAAIEHON 0o TNV aBavOAN
Kot 1 TPOTIOVAASENdN amd Tovg VIpoyovavOpakes gvbeiog
alvcidag. H axpoleivn mpoépyetar kuping and 1o 1-e&€vio,
1N OKETOVN Ao TNV 2-TPOTAVOAY, TO K-EAVIO, TO K-OKTAV1O,
70 1oooktavio kot to MTBE. H kpotovaldeddn mpépyetat
amo6 1o 1-e&dvio, To kukhoeEdvio, To K-eAVIO KOt TO K-OKTA-
V10, 1 peBaxpodreivn omd 10 1600KTAVIO Kot TN Pevioidendn
amd TS APOUATIKEG OVGIEG TOV KAVGILOV.

- O1 ehagpot pomot (C1-C2) wpoépyovar mhavd amnd ev-
dtdpeca €idn mov givar apketd ave&aptnrta omd T apykn
obvbeon TOL KOVGIHOV.
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