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This article analyzes the impact of alcohol production waste on the ecological parameters

of motor fuels and the possibilities of their use to reduce environmental pollution from

road transport. It was found that the addition of alcohol waste improves the starting

properties of the engine in cold conditions, facilitates fuel evaporation, and positively

affects the completeness of its combustion and the uniformity of its supply to the engine

cylinders. All these parameters have a positive effect on reducing emissions of carbon

monoxide, nitrogen oxides, and benzo[a]pyrene into the atmosphere by a carburetor

engine. The optimal concentration of fusel oil additives to gasoline is in the range of 5 to

7% by volume. It was found that the addition of alcohol waste improves the fractional

composition of diesel fuels. When fusel oil is added, the density and viscosity of the fuel

decrease, which facilitates its spraying and ignition, and leads to better combustion,

resulting in less fuel consumption. It is important that the reduction in the density of the

fuel mixture can cause a decrease in the amount of aromatic hydrocarbons in it, which

will positively affect the composition of engine exhaust gases. The use of fusel oil additives

allows increasing the cetane index, which ensures cleaner and faster fuel combustion and

helps to reduce harmful emissions into the atmosphere. When fusel oil is added, the

boiling point of 10% and 50% of the fuel mixture fraction decreases, which leads to

improved diesel engine operation in various modes; easing its starting properties in cold

conditions, and improving engine maneuverability. The addition of fusel oil to diesel

fuels helps to improve their ecological parameters and ensures their compliance with

Euro standards. The optimal concentration of fusel oil additives to diesel fuel is in the

range of 10 to 12% by volume.
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Introduction
Emissions of harmful substances, which are

released with exhaust gases produced during the
combustion of fuels in road transport, negatively affect
the state of atmospheric air and human health. The
increase in environmental pollution due to the increase
in the number of cars has led to increased requirements

for the quality of ecological characteristics of fuel
industry products. The problem of ecological safety of
road transport, and especially internal combustion
engines, is a component of the country’s ecological
safety. Around the world, there is a movement to
reduce harmful emissions (Kyoto Protocol), and
therefore the requirements for the ecological
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characteristics of motor fuels and oils obtained from
petroleum products are constantly growing, for which
billions of dollars are spent worldwide.

Road transport is one of the main polluters of
the environment. The main regulated toxic
components of engine exhaust gases are carbon
monoxide, nitrogen oxides, and hydrocarbons.
The composition of the main components of exhaust
gases from carburetor and diesel engines is shown in
Table 1 [1].

The toxicity of exhaust gases from carburetor
engines is primarily due to the content of carbon
monoxide and nitrogen oxides. In addition, high-
octane gasoline, which is characterized by an increased
content of aromatic compounds in their composition,
contributes to the formation of higher concentrations
of benzopyrene at high pressures and high temperatures
in the internal combustion engine. Therefore, there
is a tendency to increase atmospheric pollution with
benzopyrene in recent decades [2,3].

When diesel fuel is burned, various substances
are formed, the composition of which depends on the
engine design, its power, and load. Mainly, water,
harmless carbon dioxide, and relatively low
concentrations of more harmful compounds are formed:
carbon monoxide, unburned hydrocarbons, nitrogen
oxides, as well as sulfur oxide, polycyclic hydrocarbons,
and soot particles. The number of such components
increases sharply when the engine is running at low
speeds, when the engine is started, and when its speed
increases [1,3]. Comparing ecology with gasoline
engines, it should be noted that diesel fuel burns
more completely, which is accompanied by slower
oxidation of carbon and the formation of a smaller
amount of unburned hydrocarbons. But, at the same
time, due to the weaker air supply to the diesel engine,

a larger amount of sulfur dioxide and soot is formed
than in a carburetor engine [2]. Diesel consumes less
fuel on the whole and, accordingly, emits less exhaust
gases into the atmosphere than a gasoline engine of
the same power. In addition, more complete fuel
combustion occurs in a diesel engine, less carbon is
oxidized, and less unburned hydrocarbons are formed.

For all types of engines, it should be noted that
when fuel is completely burned, which is ensured by
precise maintenance of the composition, there is a
significant decrease in the concentration of harmful
substances [3].

There is a European system for regulating the
quality of automotive fuel, according to which
ecological classes of fuel are distinguished. Currently,
the release of Euro-3, Euro-4, and Euro-5 fuel classes
is regulated on the territory of the EU. Requirements
for the classes of fuel produced are established by
technical regulations. The latest environmental standard
Euro-6, which was introduced in Europe in 2015,
became an important step in the development of diesel
technologies, focusing on reducing the environmental
impact of diesel engines and improving the quality of
diesel fuel [3].

The main aspects of Euro standards for motor
fuels are as follows:

1. Strict control over the quality of the fuel
used.

2. Limiting the level of sulfur in diesel fuel and
reducing emissions of harmful sulfur compounds that
contribute to air pollution.

3. Restrictions on emissions of nitrogen oxides
and particulate matter, which require the use of
advanced exhaust gas purification technologies and
improvement of combustion systems.

4. Control over the completeness of fuel

Table 1

Composition of the main components of exhaust gases from carburetor and diesel engines

Concentration of exhaust gases in engines, 

vol.% 
Components of engine exhaust 

gases 
carburetor diesel 

Note 

nitrogen 74.00–77.00 76.00–78.00 non-toxic 

oxygen 0.300–8.000 2.0–18.000 non-toxic 

water vapor 3.000–5.500 0.5–4.000 non-toxic 

carbon dioxide 5.000–12.000 1.0–10.000 non-toxic 

carbon monoxide 0.100–10.000 0.01–5.000 toxic 

nitrogen oxides 0.010–0.800 0.004–0.060 toxic 

sulfur dioxide 0–0.002 0–0.030 toxic 

hydrocarbons 0.200–3.000 0.009–0.500 toxic 

aldehydes 0–0.200 0.001–0.009 toxic 

soot 0–0.040 0.010–1.100 toxic 

benzo[a]pyrene 0.010–0.020 up to 0.010 toxic 
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indicators, which are important for ensuring their
cleaner and faster combustion, which helps to reduce
harmful emissions [4].

In conclusion, Euro-standard motor fuels with
their advanced environmental standards and strict
emission standards are an important step towards a
cleaner and more sustainable future for road transport,
while increasing the efficiency and productivity of
engines while reducing their harmful impact on the
environment [5].

The main factors that influence the combustion
process in a carburetor engine include: the time of
preparation of the combustible mixture, environmental
parameters, the thermal state of the engine, and the
quality of the fuel used. The temperature and pressure
of the environment and the thermal state of the engine
are higher in cases where the fuel evaporates more
completely and the quality of the combustible mixture
is better. An important direction for further
improvement of the carburetor engine power system
may be to ensure the maximum possible evaporation
of fuel before it enters the cylinder. To evaluate such
a parameter, there is a point of fractional distillation
of gasoline – the boiling point of 50% by volume. It
characterizes the completeness of fuel evaporation and
the engine’s quick transition from one operating mode
to another, as well as the uniform distribution of fuel
among the cylinders.

Other indicators of carburetor engine fuels that
affect the environment include: the boiling point of
10% of the fuel, which improves the starting properties
of the engine in cold conditions, and its tendency to
form gas plugs in the system, as well as the boiling
points of 90% and the end of fuel boiling, which
positively affect the completeness of its combustion
and the uniformity of its supply to the engine cylinders
[1,3].

Modern diesel fuel must meet many requirements
to ensure reliable engine operation, the most important
of which are: good fuel spraying and optimal mixture
formation; complete combustion of fuel with a short
ignition delay and minimal formation of soot and
toxic substances; the possibility of good fuel pumping
to ensure reliable and uninterrupted operation of the
fuel system; low resin formation in the combustion
chamber; no corrosion of fuel system parts; stability
of technological properties during long-term storage
[6].

The main operational indicators of diesel fuel
that, to varying degrees, affect the environment include:
cetane number (cetane index), fractional composition,
viscosity, density, and the presence of sulfur
compounds.

The cetane number and cetane index characterize

the ignitability of diesel fuel, which affects the presence
of harmful components in exhaust gases, such as CO
and CH. The shorter the ignition delay period, the
faster the fuel burns. This speeds up engine operation
and increases its power, which in turn reduces the
content of harmful components in the exhaust gases.
The reduction in the ignition delay period depends
on the rate of hydrocarbon oxidation during the
reactions that occur before the rapid combustion phase.
If the pre-flame reactions proceed slowly, the ignition
delay period increases, resulting in fuel accumulating
in the cylinder and then igniting a significant amount
at once. A decrease in the cetane number worsens the
performance of the diesel’s operating cycle, noticeably
increasing the harshness of operation, and wear of
engine parts. If its value drops below 40 units, starting
the engine becomes problematic even in warm weather
due to the increased self-ignition temperature of the
fuel [6].

Indicators such as viscosity and density determine
the level of evaporation and mixture formation of
diesel fuel, as well as the degree of its spraying in the
combustion chamber. Denser and more viscous fuel
ignites and burns worse, which leads to higher diesel
fuel consumption and smoke in the exhaust gases.
For all types of engines, a characteristic feature can
be noted: the denser the diesel fuel, the higher the
total content of aromatic hydrocarbons, and the more
harmful compounds such as pyrene and benzopyrene
are contained in the exhaust [7].

The fractional composition of diesel fuel
determines the completeness of its combustion, the
smoke, and the toxicity of the engine’s exhaust gases.
An analysis of the fuel fractional distillation points
that affect the environment will be considered below.

Many methods for optimizing the ecological
parameters of motor fuels are discussed in the scientific
literature.

It is known that the operation of a car in low
ambient air temperatures leads to a deterioration of
the engine’s thermal state, which has a significant
impact on increasing fuel consumption (by 10...30%
or more) and, as a result, increasing the emission of
harmful substances with exhaust gases. In this case,
the increase in fuel consumption is associated with an
increase in fuel viscosity, a deterioration in its ability
to spray and evaporate, and, as a result, a deterioration
in mixture formation and the efficiency of the fuel-
air mixture combustion [8]. Therefore, one of the
methods to improve the fuel efficiency of engines and
reduce the amount of exhaust gases with harmful
substances in cold engine start-up modes is to provide
air heating for its supply to the engine with a
temperature at the level of +35...+450C [9].
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The ecological indicators of a diesel engine
operating on various types of biodiesel made from
rapeseed, soybean, and high-oleic sunflower oil were
studied, and it was found that during diesel operation
there is a decrease in emissions of carbon oxides,
nitrogen oxides, unburned hydrocarbons, and a
reduction in the smoke of exhaust gases [10]. However,
biodiesel fuel has higher density and viscosity values
compared to conventional diesel fuel, which can lead
to its incomplete combustion, resulting in increased
engine smoke [11].

Ethanol is another alternative fuel source.
Ethanol, which is obtained from sugar molasses, is
used to prepare fuel mixtures in internal combustion
engines. The addition of ethanol improves the quality
indicators, mixture formation, and combustion of diesel
fuel. Such fuel contains oxygen, which increases the
completeness of its combustion in diesel cylinders
and, accordingly, reduces emissions of toxic products
of incomplete combustion. However, there is a
problem, which lies in the poor miscibility of ethanol
with diesel fuel. It can be solved by using anhydrous
ethanol, but this increases production costs [12].

In the production of alcohol, a significant amount
of by-product is obtained, which can negatively affect
the quality of marketable food-grade ethyl alcohol –
fusel oil. Today, an urgent problem for the industry
in Ukraine is the complex processing of by-products
and waste-free technologies, which allow reducing the
material consumption of products, and their cost, and
also significantly reducing the level of air, water, and
soil pollution. It is known that most of the fusel oil is
not processed, so an important area of research may
be the search for new and improvement of known
methods of using this by-product. The process of
dehydrating fusel oil alcohols to form esters, which
can be used to obtain high-octane oxygen-containing
additives, is well known [13].

Thus, one of the ways to use fusel oil may be to
use it to improve the ecological parameters of motor
fuels.

Experimental

For experimental studies, a straight-run fraction
of gasoline and diesel fuel after atmospheric distillation
was used, as well as fusel oil (FO) – a waste product
of alcohol production. Fusel oil contains a mixture of
higher alcohols (isoamyl, isobutyl, n-propyl, ethyl),
water, and a small amount of esters.

The study was conducted in two stages – studying
the effect of FO on the ecological parameters of
gasoline (1st stage) and studying the effect of FO on
the ecological parameters of diesel fuel (2nd stage). In
the first stage, mixtures of gasoline with fusel oil
(FO) additives were prepared in the following

volumetric proportions:
1. gasoline (100%)+FO (0%);
2. gasoline (95%)+FO (5%);
3. gasoline (94%)+FO (6%);
4. gasoline (92.5%)+FO (7.5%);
5. gasoline (90%)+FO (10%);
6. gasoline (85%)+FO (15%).
Distillation of gasoline and prepared mixtures

was carried out, during which their fractional
composition was determined, namely: the boiling
points of the 10%-, 50%-, 90%-points, and the final
boiling point [14]. The obtained fractional
compositions were analyzed to determine.

In the second stage, mixtures of diesel fuel (DF)
with fusel oil (FO) additives were prepared in the
following volumetric proportions:

1. DF (100%)+FO (0%);
2. DF (95%)+FO (5%);
3. DF (92%)+FO (8%);
4. DF (90%)+FO (10%);
5. DF (88%)+FO (12%);
6. DF (85%)+FO (15%).

For the resulting mixtures, the density, ρ15, was 
determined by the pycnometric method, and the 
kinematic viscosity,ν, by a capillary viscometer. After 
that, distillation of diesel fuel and prepared mixtures 
was carried out, during which their fractional 
composition was determined, namely: the initial 
boiling point, and boiling points of the 10%- and 
50%-points. The obtained fractional compositions were 
analyzed and the cetane indices for the analyzed 
samples were determined.

For diesel fuels, the main parameters
characterizing the ignition delay period of the fuel-air
mixture under compression are the cetane number
and the cetane index (CI), an indicator used in
European standards.

The CI was determined according to the
Ukrainian state standard DSTU ISO 4264:2009 (ISO
4264:1995, IDT) by a method that consists of
determining the density of diesel fuel at 150C and the
average boiling point of 50% (by volume) of its
quantity. The cetane index was calculated using the
formula:

CI=454.74–1641.416⋅ρ+774.74ρ2–0.554⋅T50%+97.803(log t)2,

where ρ is the diesel fuel density at 150C (g/cm3);
and T50% is the boiling point of 50% (by volume) of
the analyzed mixture (0C).

Results and discussion

In the first stage of the research, the influence
of fusel oil on the fractional composition of the fuel
mixture was determined, as a result of which it was
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analyzed how changes in boiling points would affect
the ecological properties of gasoline. The results of
the experiments showed (Table 2) that alcohol waste
affects the ecological parameters of fuels for carburetor
engines, namely: the boiling points of the 10%-,
50%-, 90%-points, and the final boiling point.

To assess the environmental parameters of the
prepared fuel mixtures, their fractional composition
was analyzed. Based on the analysis, the following
conclusions can be drawn.

With the addition of fusel oil, the boiling point
of 10% of the fuel decreases (Fig. 1), which improves
the starting properties of the engine in cold conditions
and its tendency to form vapor locks in the system.
This property makes it possible to reduce the time for
preparing the combustible mixture in the cold season,
and therefore reduce harmful emissions into the
atmosphere. The optimal value of the FO additive
concentration in the fuel mixture lies within the range
of 5–7% by volume (Fig. 2).

An important parameter that affects the
environmental friendliness of the carburetor engine
fuel system is ensuring the maximum possible
evaporation of fuel before it enters the cylinder. From
the fractional distillation points, this parameter is
determined by the boiling point of 50% of the fuel.
As can be seen from Fig. 3, with the addition of fusel
oil, the T50% of gasoline decreases, which facilitates its
evaporation and the engine’s quick transition from
one operating mode to another, as well as the uniform
distribution of fuel among the cylinders. The percentage
decrease in the boiling point of 50% of the fuel mixture
with the addition of different amounts of FO is shown
in the diagram (Fig. 4).

With the addition of fusel oil, the boiling points
of 90% and the end of boiling of the fuel decrease,
which positively affects the completeness of its
combustion and the uniformity of its supply to the
engine cylinders (Fig. 5). This is important for reducing
emissions of carbon monoxide and nitrogen oxides
into the atmosphere. The optimal concentration of

Table 2

Main characteristics of the fuel mixture with fusel oil (FO) additives for assessing the ecology of a carburetor engine

Fuel mixture content, 

vol.% 
Main characteristics of the fuel mixture 

Gasoline СO ρ4
20

 Т10%, 
0
С Т50%, 

0
С T90%, 

0
С Ткк, 

0
С 

100 – 0,7633 80 130 174 174 

95 5 0,7653 62 118 172 172 

94 6 0,7263 53 87 160 155 

92,5 7,5 0,7663 88 125 157 157 

90 10 0,7674 98 127 158 160 

85 15 0,7688 98 130 170 175 

Fig. 1. Dependence of the boiling point of the 10% fraction of

the fuel mixture on the concentration of fusel oil (FO) in

gasoline

Fig. 2. Comparison of boiling points of the 10% fraction of

gasoline and the fuel mixture (Gasoline+Fusel Oil) at different

concentrations of fusel oil in gasoline
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the FO additive for this parameter in the fuel mixture
lies within the range of 6–10% by volume (Fig. 6).

The results of the experimental and calculated
data, which were determined for diesel fuel and its
mixtures with fusel oil additives, are presented in
Table 3. The results provided were used to analyze
the main operational and ecological indicators of the
fuel mixtures.

The viscosity and density of diesel fuels are of
great importance for their environmental impact. The
lower the viscosity of the fuel, the better its atomization,
the faster it ignites and the better it burns, resulting
in less fuel consumption, which has a positive effect
on the ecology of the environment. In contrast, more
viscous fuel ignites and burns worse, which leads to

Fig. 3. Dependence of the boiling point of the 50% fraction of

the fuel mixture on the concentration of fusel oil (FO) in

gasoline Fig. 4. Comparison of boiling points of the 50% fraction of

gasoline and the fuel mixture (Gasoline+Fusel Oil) at different

concentrations of Fusel Oil in gasoline

Fig. 5. Dependence of the boiling point of the 90% fraction of

the fuel mixture on the concentration of fusel oil (FO) in

gasoline

Fig. 6. Comparison of boiling points of the 90% fraction of

gasoline and the fuel mixture (Gasoline + Fusel Oil) at

different concentrations of fusel oil in gasoline

higher fuel consumption and more smoke in the
exhaust gases. Reducing the density of diesel fuels
helps to reduce the mass flow rate of fuel during
operation.

It can be concluded from Fig. 7 that the addition
of fusel oil to diesel fuel lowers its density and viscosity
approximately equally, which positively affects the
indicators discussed above. It is also clear from this
figure that the decrease in density and viscosity begins
at the initial concentration of added FO and reaches
a stable decrease at an FO concentration of 10–15%
by volume. Within the optimal FO concentration
range in the mixture, the viscosity of the fuel mixture
decreases by 19% compared to pure diesel fuel, and
the density decreases by 4%. The percentage decrease
in the density of the fuel mixture with the addition of
different amounts of FO is shown in the diagram
(Fig. 8).
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The evaluation of diesel fuel density is also
important because it characterizes the content of
aromatic hydrocarbons, which can form pyrene and
benzopyrene when burned, which is undesirable for
the purity of the surrounding air. For example, there
are studies that consider the following pattern: a
decrease in the density of diesel fuel from 860–870
to 800 kg/m3 causes a decrease in the content of
aromatic hydrocarbons from approximately 27 to 15%.
According to this pattern, the relative decrease in fuel
density in our case (4%) means an approximate
decrease in the amount of aromatic hydrocarbons by
6–9%, which positively affects the composition of
gases in engine exhaust.

Another important parameter that affects the
ecology of diesel fuels is the cetane index, which is
important for ensuring its cleaner and faster
combustion, which helps to reduce harmful emissions.
The higher the cetane index of diesel fuel, the faster
its pre-oxidation will occur in the combustion chamber,

and the faster the mixture will ignite and the engine
will start. Thus, the cetane index of Euro diesel fuel
should be at least 46.0. As can be seen in Fig. 9,
adding fusel oil increases the CI, and at its concentration
of 10% by volume in the mixture, it increases this
indicator to the value required by Euro standards.
The optimal concentration of the FO additive is 12%
by volume, at which the CI reaches a value of 47.3.
The percentage increase in the CI of the fuel mixture
with the addition of different amounts of FO is shown
in Fig. 10.

Some fractional distillation points of diesel fuel
are also used to assess its ecological parameters. It is
known that facilitating the injection of diesel fuel into
the combustion chamber reduces the concentration
of toxic components in the combustion products of
diesel engines. The indicator that characterizes the
starting properties of the fuel is the boiling point of
the 10% fraction. The lower this temperature, the
more easily flammable substances are contained in

Table 3

Main characteristics of the fuel mixture with fusel oil (FO) additives for assessing the ecology of a diesel engine

Fig. 7. Dependence of density and viscosity of the fuel

mixture on the concentration of fusel oil (FO) in diesel fuel

Fig. 8. Comparison of densities of diesel fuel (DF) and the

fuel mixture (DF+Fusel Oil) at different concentrations of

fusel oil in diesel fuel

Fuel mixture content, % 

vol. 
Main characteristics of the fuel mixture 

DF, vol.% FO, vol.% ν20, cSt ρ15, kg/m
3 Тпк, 

0
С Т10, 

0
С Т50, 

0
С CI 

100 – 4.05 835.52 94 208 277 42.53 

95 5 3.84 807.42 90 165 275 43.75 

92 8 3.45 802.65 91 148 270 45.59 

90 10 3.42 802.73 92 151 271 46.84 

88 12 3.39 801.66 93 172 272 47.26 

85 15 3.39 801.45 93 183 281 46.87 
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Fig. 9. Dependence of the cetane index of the fuel mixture on

the concentration of fusel oil (FO) in diesel fuel Fig. 10. Comparison of cetane indices of diesel fuel (DF) and

the fuel mixture (DF+FO) at different concentrations of FO

in diesel fuel

the fuel and the easier and at a lower temperature a
cold engine can be started. Faster engine starting means
less carbon monoxide and nitrogen oxides in engine
emissions. It can be concluded from Fig. 11 that the
FO additive lowers the boiling point of the 10% fraction
of the studied fuel mixture, thereby improving the
ecological quality of the engine operation. The optimal
value of the FO additive concentration in the fuel
mixture lies within the range of 8–10% by volume
(Fig. 12).

Another fractional distillation point of diesel fuel
is important for assessing the ecological parameters of
diesel: this is the boiling point of the 50% fraction. It
has a decisive influence on the warm-up speed of an
engine started in the cold and on the corresponding
fuel consumption. With a decrease in this temperature,

the engine warms up faster, and the fuel consumption
for it decreases. It is also important that with a decrease
in t50, the engine’s maneuverability improves
significantly, i.e., the ease of its transition from one
mode to another, which will have a positive effect on
car engines in urban driving conditions. Figure 13
shows a significant decrease in the boiling point of
the 50% fraction of the fuel mixture when FO is
added, which contributes to improving the engine’s
ecology. The optimal concentration of the FO additive
in the fuel mixture is 10% by volume (Fig. 14).

Conclusions

Fusel oil as a waste product of alcohol production
can be used for addition to motor fuels to reduce
environmental pollution from road transport.

Alcohol waste improves the fractional
composition of gasolines. Fusel oil additives improve
the starting properties of the engine in cold conditions,
facilitate fuel evaporation, and positively affect the

Fig. 12. Comparison of boiling points of the 10% fraction of

diesel fuel (DF) and the fuel mixture (DF+Fusel Oil) at

different concentrations of fusel oil in diesel fuel

Fig. 11. Dependence of the boiling point of the 10% fraction

of the fuel mixture on the concentration of fusel oil (FO) in

diesel fuel
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completeness of its combustion and the uniformity of
its supply to the engine cylinders. All these parameters
have a positive effect on reducing emissions of carbon
monoxide and nitrogen oxides into the atmosphere.
The optimal concentration of fusel oil additives to
gasolines is in the range of 5 to 7% by volume.

Fusel oil additives also positively affect the main
parameters that can influence the ecology of diesel
fuels. When fusel oil is added, the density and viscosity
of the fuel decrease, which facilitates its spraying,
ignition, and leads to better combustion, resulting in
less fuel consumption. It is important that the reduction
in the density of the fuel mixture can cause a decrease
in the amount of aromatic hydrocarbons in it, which
will positively affect the composition of engine exhaust
gases. The use of fusel oil additives allows increasing

the cetane index, which ensures cleaner and faster
fuel combustion and helps to reduce harmful emissions
into the atmosphere. When fusel oil is added, the
boiling point of 10% and 50% of the fuel mixture
fraction decreases, which leads to improved engine
operation in various modes; easing its starting properties
in cold conditions, and improving engine
maneuverability. This means a decrease in the amount
of carbon monoxide and nitrogen oxides in emissions
from car engines.

The addition of fusel oil to diesel fuels helps to
improve their ecological parameters and ensures their
support according to Euro standards. The optimal
concentration of fusel oil additives to diesel fuel is in
the range of 10 to 12% by volume.
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ÇÀÑÒÎÑÓÂÀÍÍß ÑÏÈÐÒÎÂÈÕ Â²ÄÕÎÄ²Â ÄËß
ÏÎÊÐÀÙÅÍÍß ÅÊÎËÎÃ²¯ ÌÎÒÎÐÍÈÕ ÏÀËÈÂ

Àíàòîë³é Ëóäèí, Â³êòîð Ðåóòñüêèé, Âîëîäèìèð Ðåóòñüêèé

Â äàí³é ñòàòò³ ïðîàíàë³çîâàíî âïëèâ â³äõîä³â
ñïèðòîâîãî âèðîáíèöòâà íà åêîëîã³÷í³ ïàðàìåòðè ìî-
òîðíèõ ïàëèâ i ìîæëèâîñò³ ¿õ âèêîðèñòàííÿ äëÿ çìåíøåí-
íÿ çàáðóäíåííÿ íàâêîëèøíüîãî ñåðåäîâèùà â³ä àâòîìî-
á³ëüíîãî òðàíñïîðòó. Ïîêàçàíî, ùî äîáàâêè ñïèðòîâèõ
â³äõîä³â ïîêðàùóþòü ïóñêîâ³ âëàñòèâîñò³  äâèãóíà â õî-
ëîäíèõ óìîâàõ, ïîëåãøóþòü âèïàðþâàííÿ ïàëèâà, ïîçè-
òèâíî âïëèâàþòü íà ïîâíîòó éîãî çãîðÿííÿ òà ð³âíîì³ðí³ñòü
éîãî ïîäà÷³ â öèë³íäðè äâèãóíà. Óñ³ ö³ ïàðàìåòðè ïîçè-
òèâíî âïëèâàþòü íà çìåíøåííÿ âèêèä³â êàðáþðàòîðíèì
äâèãóíîì îêñèäó âóãëåöþ, îêñèä³â àçîòó òà áåíçî[à]ï³ðåíó
â àòìîñôåðó. Îïòèìàëüíà êîíöåíòðàö³ÿ äîáàâîê ñèâóøíî¿
îë³¿ äî áåíçèí³â çíàõîäèòüñÿ â ³íòåðâàë³ â³ä 5 äî 7 îá.%.
Âèÿâëåíî, ùî äîáàâêè ñïèðòîâèõ â³äõîä³â ïîêðàùóþòü
ôðàêö³éíèé ñêëàä äèçåëüíèõ ïàëèâ. Ïðè äîäàâàíí³ ñèâóø-
íî¿ îë³¿ â³äáóâàºòüñÿ ïîíèæåííÿ ãóñòèíè òà â’ÿçêîñò³ ïà-
ëèâà, ùî ïîëåãøóº éîãî ðîçïèë, çàïàëþâàííÿ òà âåäå äî
êðàùîãî çãîðÿííÿ, â ðåçóëüòàò³ ÷îãî âèòðà÷àºòüñÿ ìåíøå
ïàëèâà. Âàæëèâèì º òå, ùî ïîíèæåííÿ ãóñòèíè ïàëèâíî¿
ñóì³ø³ ìîæå ñïðè÷èíèòè çìåíøåííÿ â í³é ê³ëüêîñò³ àðî-
ìàòè÷íèõ âóãëåâîäí³â, ùî ïîçèòèâíî âïëèíå íà ñêëàä
â³äïðàöüîâàíèõ ãàç³â äâèãóí³â. Âèêîðèñòàííÿ äîáàâîê ñè-
âóøíî¿ îë³¿ äîçâîëÿº ï³äâèùèòè öåòàíîâèé ³íäåêñ, ùî çà-
áåçïå÷óº á³ëüø ÷èñòå òà øâèäêå çãîðÿííÿ ïàëèâà òà ñïðèÿº
çíèæåííþ øê³äëèâèõ âèêèä³â â àòìîñôåðó. Ïðè äîäàâàíí³
ñèâóøíî¿ îë³¿ ïîíèæóºòüñÿ òåìïåðàòóðà âèêèïàííÿ 10% òà
50% ôðàêö³¿ ïàëèâíî¿ ñóì³ø³, ùî âåäå äî ïîêðàùåííÿ ðî-
áîòè äèçåëüíîãî äâèãóíà íà ð³çíîìàí³òíèõ ðåæèìàõ; ïî-
ëåãøåííÿ éîãî ïóñêîâèõ âëàñòèâîñòåé â õîëîäíèõ óìîâàõ,
ïîë³ïøåííÿ ìàíåâðåíîñò³ äâèãóíà. Äîäàâàííÿ ñèâóøíî¿ îë³¿
äî äèçåëüíèõ ïàëèâ  ñïðèÿº ïîë³ïøåííþ ¿õ åêîëîã³÷íèõ
ïàðàìåòð³â ³ çàáåçïå÷óº ¿õ ï³äòðèìêó çà ñòàíäàðòàìè ªâðî.
Îïòèìàëüíà êîíöåíòðàö³ÿ äîáàâîê ñèâóøíî¿ îë³¿ äî äè-
çåëüíîãî ïàëèâà çíàõîäèòüñÿ â ³íòåðâàë³ â³ä 10 äî 12 îá.%.

Êëþ÷îâ³ ñëîâà : ñèâóøíà îë³ÿ, åêîëîã³ÿ,
êàðáþðàòîðíèé äâèãóí, äèçåëüíèé äâèãóí, áåíçèí,
öåòàíîâèé ³íäåêñ, äèçåëüíå ïàëèâî.
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This article analyzes the impact of alcohol production waste
on the ecological parameters of motor fuels and the possibilities
of their use to reduce environmental pollution from road transport.
It was found that the addition of alcohol waste improves the
starting properties of the engine in cold conditions, facilitates
fuel evaporation, and positively affects the completeness of its
combustion and the uniformity of its supply to the engine cylinders.
All these parameters have a positive effect on reducing emissions
of carbon monoxide, nitrogen oxides, and benzo[a]pyrene into
the atmosphere by a carburetor engine. The optimal concentration
of fusel oil additives to gasoline is in the range of 5 to 7% by
volume. It was found that the addition of alcohol waste improves
the fractional composition of diesel fuels. When fusel oil is added,
the density and viscosity of the fuel decrease, which facilitates its
spraying and ignition, and leads to better combustion, resulting
in less fuel consumption. It is important that the reduction in the
density of the fuel mixture can cause a decrease in the amount of
aromatic hydrocarbons in it, which will positively affect the
composition of engine exhaust gases. The use of fusel oil additives
allows increasing the cetane index, which ensures cleaner and
faster fuel combustion and helps to reduce harmful emissions
into the atmosphere. When fusel oil is added, the boiling point of
10% and 50% of the fuel mixture fraction decreases, which leads
to improved diesel engine operation in various modes; easing its
starting properties in cold conditions, and improving engine
maneuverability. The addition of fusel oil to diesel fuels helps to
improve their ecological parameters and ensures their compliance
with Euro standards. The optimal concentration of fusel oil
additives to diesel fuel is in the range of 10 to 12% by volume.

Keywords: fusel oil; ecology; carburetor engine; diesel
engine; gasoline; cetane index; diesel fuel.
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