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Abstract: This article discusses the potential applications of the Fuel Shot liquid catalyst in compres-
sion ignition (CI) engines for reducing toxic substances in exhaust gases. Incorporating catalysts into
fuel can optimize the combustion process, consequently reducing the emission of toxic substances
into the atmosphere. Toxic compounds, such as nitrogen oxides, particulate matter, and hydrocarbons,
adversely affect flora and fauna. Various methods are known for reducing their concentration in en-
gine exhaust gases, one of which is the Fuel Shot liquid catalyst. The authors conducted experiments
on a Fiat 1.3 JTD engine with a Common Rail system. The results indicate that the application of the
liquid catalyst reduces the content of nitrogen oxides and hydrocarbons in the exhaust gases and
slightly decreases fuel consumption. Additionally, investigations were carried out on the engine’s
injection apparatus, which was fueled with modified fuel. The findings demonstrate that the fuel
additive does not affect the wear of precision parts of fuel injectors and high-pressure pumps.

Keywords: CI engine; liquid catalyst; fuel injectors; diesel oil; toxic substances emission

1. Introduction

The aim of the conducted research is to analyze the operation of a modern Common
Rail engine running on conventional fuel, to which a liquid Eco Fuel Shot catalyst has
been added. The purpose of the catalyst is to reduce toxic substances in the exhaust
gases. According to the manufacturer, the Eco Fuel Shot additive is a selective catalyst
that does not deteriorate the physical and chemical properties of the fuel, and its task is to
reduce toxic compounds in the exhaust gases, especially nitrogen oxides, and to decrease
fuel consumption.

Catalysts in automotive vehicles are primarily located in the exhaust systems. Their
role is to neutralize toxic substances such as nitrogen oxides, hydrocarbons, carbon monox-
ide, and particulate matter. These types of catalytic reactors do not influence the combustion
process but assist in purifying the exhaust gases [1]. The liquid catalyst’s function is to sup-
port combustion processes and to prevent the formation of and neutralize toxic substances
during combustion. Additionally, the catalyst prevents the formation of hydrocarbon
bacteria in the fuel, which is responsible for aging processes. The Eco Fuel Shot catalyst
was used in the fuel. Analyzing the literature, one way to utilize catalytic converters is
their installation in the combustion chamber of CI engines. In study [2], the authors used
catalysts based on zinc and vanadium. The research was conducted on a single-cylinder
four-stroke CI engine. The results showed a reduction in nitrogen oxides and hydrocarbons
by 70%, carbon monoxide by 60%, and carbon dioxide by 50%. In study [3], the results of
engine characteristic measurements operating on biofuel from lemon oil were presented.
Additionally, engine components such as the piston crown, cylinder head, and valves were
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coated with a stabilized zirconia catalyst. After conducting the research, it was observed
that the engine operating on biofuel with a catalyst installed on its components showed
lower emissions of carbon monoxide, hydrocarbons, nitrogen oxides, and smoke compared
to a standard engine fueled with conventional fuel. In study [4], gaseous fuels such as
hydrogen and methane and natural gas were used. The fuels were mixed with liquid fuel
in a 50:50 ratio. A platinum–aluminum catalyst was installed in the engine. The research
showed that the catalytic converter reduces nitrogen oxides. Additionally, the fuel mixture
with hydrogen caused an increase in cylinder pressure and emissions of nitrogen oxides
and hydrocarbons and a reduction in smoke. However, using natural gas and methane
reduced the emission of nitrogen oxides. Additionally, the research showed that using an
additional catalyst reduces smoke for these fuels. In CI engines, a substance containing
ammonia AdBlue is used for the catalytic removal of nitrogen oxides from exhaust gases [5].
However, this substance is expensive and requires frequent replenishment. In paper [6],
considerations on emulsion (W/O) as fuel for CI engines were presented. The research
results showed that water added to the fuel reduced nitrogen oxide emissions by 19.6% and
smoke by 66.3%. According to the authors, this is due to water lowering the combustion
temperature caused by heat absorption of evaporation and micro-explosions caused by
rapid vaporization of water particles. This allows for a simultaneous reduction in nitrogen
oxides and exhaust smoke. It is possible to produce emulsion fuel from non-biodegradable
shopping bags (PGB) [7]. The research showed that using the water–oil emulsion derived
from PGB reduces smoke and nitrogen oxide emissions. The emulsion with a 10% addition
of diesel oil showed the highest exergetic efficiency. An exergetic analysis of a CI engine
operating on biofuel obtained from cottonseed oil with the addition of titanium dioxide
and silver oxide nanoparticles was conducted in study [8]. Analyzing the research results,
it can be stated that fuels with nanoparticle additives showed lower exergy losses. It should
be noted that nanoparticles have a high price. Cerium oxide nanoparticles were used as
an additive to diesel oil, and the research results were presented in study [9]. The results
showed that the use of this type of catalyst reduces soot and hydrocarbon emissions by 30%
at partial engine load. However, at maximum engine load, a slight reduction of about 5%
in nitrogen oxide emissions was observed. No difference in fuel consumption was noticed
for both medium and maximum engine loads. In article [10], the influence of diesel oil
mixtures with methanol, ethanol, n-butanol, methanol/n-butanol, and ethanol/n-butanol
on combustion was analyzed. The research results showed that compared to pure diesel
oil, the use of additives caused a shortening of the autoignition delay period and an im-
provement of the combustion process. The most favorable results were obtained with a
mixture of 80% diesel oil, 10% methanol, and 10% n-butanol. The use of a catalyst in the
nozzle of fuel injectors in an engine with direct mechanical fuel injection was described
in studies [11,12]. The research showed that the use of a catalytic reactor in the form of
platinum on the non-working part of the needle reduced the emission of toxic substances to
the atmosphere. In study [13], a method of partial dehydrogenation of diesel oil to produce
high-quality hydrogen was presented. The aim of the research was to assess the possibility
of applying such a system in automotive vehicles. The catalyst used in the experiment was
platinum on a zinc and aluminum base. Studies [14,15] showed that an appropriate element
to be used as a catalyst to activate hydrocarbon dehydrogenation reactions is platinum on
a tin and aluminum substrate. The developmental trends of combustion engines are aimed
at reducing toxic substances in exhaust gases. In studies [16,17], research results on an
engine operating on ethanol as a fuel additive were presented. The additive content caused
a reduction in nitrogen oxide emissions in the exhaust gases. In study [18], the author
proposed powdered biofuel as an alternative for liquid fuel. The research results showed
that the use of powdered biofuel caused a shortening of the autoignition delay period. In
turn, studies [19,20] focused on the research of ceramic catalysts based on ceramics for
engines working in extreme conditions. Ceramic catalysts are used to increase the exhaust
gas temperature, reduce smoke, and reduce nitrogen oxide emissions. In study [21], the pos-
sibility of using nano additives in fuel for a compression ignition engine was discussed. The
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research utilized conventional fuel and biofuel, including substances like cerium oxide, cop-
per oxide, aluminum oxide, carbon nanotube, and titanium oxide. The analysis conducted
by the authors demonstrated that the use of nano additives improves the combustion
process and reduces the emission of toxic substances into the atmosphere. In the research
presented in paper [22], the authors explored the possibility of using a nano additive in the
form of cerium oxide in plant-derived fuel. The studies showed that the modified fuels
were characterized by improved heat release during combustion and reduced emissions
of carbon monoxide and hydrocarbons, with a slight increase in nitrogen oxide emissions.
The authors in study [23] investigated the performance of a CI engine using diesel fuel
with an additive made from used tire oil and cerium oxide nanoparticles. The additive
ratios used in the study were as follows: Diesel fuel was blended with tire-derived oil in
various concentrations, specifically 5%, 10%, 15%, and 20%. Additionally, for the blend
containing 5% tire-derived oil, cerium oxide nanoparticles were also added to the mixture.
The studies showed that a 5% addition of tire oil reduces hydrocarbon emissions and
exhaust smokiness. Additionally, cerium oxide particles increase engine efficiency. This
mixture represents an interesting alternative to standard fuel. In study [24], the authors
examined the performance of a CI engine using fuel derived from plastic with the addition
of aluminum oxide nanoparticles in proportions of 100, 150, and 200 mg/L. The analysis
showed that the addition of aluminum oxide shortens the autoignition delay period. The
emission of carbon monoxide and hydrocarbons was lower for fuels with the additive
compared to pure plastic fuel without the additive and conventional fuel at full load. An-
other additive that may reduce the emission of carbon monoxide and soot in exhaust gases
could be titanium nanoparticles and butanol [25]. A laboratory analysis showed that the
physical and chemical properties of the fuel were not altered by the alcohol and additive.
The studies were conducted at partial and maximum engine load. The addition of alcohol
alone led to reduced fuel consumption and emissions of carbon monoxide and soot, while
the emission of nitrogen oxides increased.

Analyzing the literature regarding the scope of conducted research, it can be con-
cluded that studies on the application of catalysts in internal combustion engines are being
conducted in various directions. One of the approaches to reduce emissions and fuel
consumption is the utilization of a liquid catalyst, such as Eco Fuel Shot. This catalyst,
when introduced into the fuel, aims to optimize the combustion process, thereby aiming
to reduce harmful emissions and enhance fuel efficiency in internal combustion engines.
The catalyst is a hygroscopic substance and mixes very well with fuel in the proportion
of 1 L of catalyst to 50,000 L of diesel oil. According to the manufacturer, the cost of
adding the Eco Fuel Shot product to 1 L of fuel is just a few cents. The environmental
benefits of its use can be immense as its purpose is to reduce the emission of toxic nitrogen
oxides in exhaust gases. What makes it innovative is its high hygroscopicity and the small
amount of catalyst needed per 1 L of fuel. The adaptation of such catalysts appears to be
a promising strategy for improving engine performance and sustainability, aligning with
global emissions reduction objectives.

2. Results

During the tests, the concentrations of toxic substances in the exhaust were measured,
including nitrogen oxides, hydrocarbons, and soot, and the specific fuel consumption
was also calculated. The results of the direct measurements of the engine’s ecological
parameters are presented in Figures 1–7.

Nitrogen oxides (NOx) (Figure 1) are inorganic chemical compounds composed of
oxygen and nitrogen. They are formed during combustion at high temperatures and in the
presence of excess air. Nitrogen oxides are a toxic substance that can impair the function-
ing of the immune system in the lungs, leading to increased susceptibility to respiratory
infections. Prolonged inhalation of these substances increases the risk of respiratory dis-
eases. Reducing nitrogen oxide emissions can be achieved by using a smaller excess air
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ratio, limiting heat release, cooling the combustion chamber of the engine, and using fuel
additives. Additionally, exhaust systems use catalysts to reduce NOx in the exhaust gases.
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Hydrocarbons (HC) (Figure 2) are chemical compounds consisting of carbon and
hydrogen. They are produced as a result of incomplete or partial combustion of fuel,
as well as from the partial breakdown of hydrocarbon fractions in the fuel during chain
reactions in the combustion process. Hydrocarbons are formed near the walls of the
combustion chamber because low temperatures limit soot formation. Prolonged exposure
to hydrocarbons can cause cancers, immune system failure, damage to the kidneys and
liver, and cataracts.

Soot (particulate matter PM) (Figure 3) consists of toxic airborne particles formed as
a result of incomplete and partial combustion of fuel. The smokiness of exhaust gases is
mainly measured in compression ignition (CI) engines. The formation of particulate matter
is primarily due to poor fuel atomization, which subsequently affects evaporation. Soot
is generated in areas of the combustion chamber where there is a low oxygen content. It
penetrates into the pulmonary alveoli and the bloodstream, causing lung and heart diseases.
Soot is associated with aromatic hydrocarbons and increases the risk of cancerous diseases.

Carbon dioxide CO2 (Figure 4) is a gas that is non-toxic to living organisms. However,
its excess in the atmosphere leads to the retention of thermal radiation, which causes the
greenhouse effect. Therefore, it is crucial to limit the emission of this gas into the atmosphere.

Oxygen O2 (Figure 5) from the atmosphere is an essential element in the oxidation
process. It reacts with hydrocarbons to form combustion products, which are emitted in
the exhaust gases. The presence of either an excess or a deficiency of oxygen in the engine’s
combustion chamber leads to the formation of pollutants.

The power and torque (Figure 6) of the tested Fiat 1.3 JTD engine were measured using
an eddy current brake, Automex AMX 100. The measurement error of the test stand is 2%.

The specific fuel consumption (Figure 7) was calculated based on the following
relationship:

ge =
3600 × Ge

N
(1)

where Ge is the instantaneous fuel consumption [g/s] and N is the engine power [kW].
The results of the calculations are presented in Figure 7.
Before the dynamometer tests, fuel injectors were removed from the engine (Figure 6)

and examined in the laboratory for leak tightness and dosing on the STPiW (AUTOELEK-
TRONIKA, Poznań Poland) test bench. The aim of these tests was to verify whether
the injection equipment operates correctly to eliminate measurement errors during the
experiment (Tables 1–4).
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Table 1. Measurements of the injection doses Bosch 0445110083 fuel injector 1 (AUTOELEKTRONIKA,
Poznań, Poland).

No. Pressure
[MPa]

Injection
Time [µs]

Range
[mm3/H]

Dosage
[mm3/H]

Leak Range
[mm3/H]

Leak
[mm3/H]

1 140 0 0 0 0–70 19
2 135 780 34.71–49.69 42.8 0–70 25
3 30 420 0.31–3.89 2.14
4 80 260 0.31–4.09 0.7

Table 2. Measurements of the injection doses Bosch 0445110083 fuel injector 2.

No. Pressure
[MPa]

Injection
Time [µs]

Range
[mm3/H]

Dosage
[mm3/H]

Leak Range
[mm3/H]

Leak
[mm3/H]

1 140 0 0 0 0–70 22
2 135 780 34.71–49.69 44.3 0–70 31
3 30 420 0.31–3.89 2.35
4 80 260 0.31–4.09 0.9

Table 3. Measurements of the injection doses Bosch 0445110083 fuel injector 3.

No. Pressure
[MPa]

Injection
Time [µs]

Range
[mm3/H]

Dosage
[mm3/H]

Leak Range
[mm3/H]

Leak
[mm3/H]

1 140 0 0 0 0–70 26
2 135 780 34.71–49.69 40.7 0–70 29
3 30 420 0.31–3.89 2.06
4 80 260 0.31–4.09 0.5

Table 4. Measurements of the injection doses Bosch 0445110083 fuel injector 4.

No. Pressure
[MPa]

Injection
Time [µs]

Range
[mm3/H]

Dosage
[mm3/H]

Leak Range
[mm3/H]

Leak
[mm3/H]

1 140 0 0 0 0–70 17
2 135 780 34.71–49.69 43.3 0–70 26
3 30 420 0.31–3.89 2.26
4 80 260 0.31–4.09 0.8

The tests of injection quantities conducted on the STPiW 3 test bench aimed to examine
whether the fuel injectors remained efficient after dyno testing and whether the Eco Fuel
Shot additive affected their operating parameters. The analysis showed that the injection
and overflow quantities are within the acceptable ranges.

Additionally, during the tests, the actual parameters of the engine were monitored
using a diagnostic interface. The maximum measurement uncertainty of the research
station is 3%. Eco Fuel Shot is a liquid catalyst added to fuel with the purpose of improving
the combustion of the fuel mixture and preventing the deposition of soot in the engine. The
fuel additive is mixed at a ratio of 1 L of Eco Fuel Shot to 50,000 L of diesel fuel. Thanks
to the use of a carrier, it emulsifies with the fuel very quickly. Studies conducted by the
manufacturer regarding the impact of the additive on engine components have shown that
it is neutral.

3. Discussion

Eco Fuel Shot is a liquid catalyst aimed at the reduction and oxidation of toxic sub-
stances (mainly NOx and HC) in exhaust gases during the combustion process and pre-
venting the accumulation of deposits. Reviewing the literature, one way to reduce the
content of nitrogen oxides and hydrocarbons in exhaust gases is to lower the temper-
ature in the engine combustion chamber using various engine design solutions or fuel
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additives [26]. These solutions lead to a reduction in the combustion temperature in
the engine chamber, resulting in lower emissions of nitrogen oxides. The liquid cata-
lyst reduces the content of nitrogen oxides and hydrocarbons by oxidizing them during
combustion (Figures 1 and 2), without changing the parameters of this process. The re-
maining parameters remain at a similar level as when using standard fuel. The Eco Fuel
Shot catalyst contains an active substance that reduces the surface tension of carbon, re-
sulting in the complete combustion of soot and naphthalene. Its operation affects the
rate of chain combustion reactions by changing the activation energy of chemically inert
particles that react with each other. Eco Fuel Shot is a selective catalyst with an approximate
empirical formula of C5H5FeC5H4COCmHn. Table 5 presents the chemical composition of
the catalyst.

Table 5. Chemical composition of catalyst.

No. Identification Concentration [%]

1 3—Metylobutan—1—ol (Isoamyl alcohol) 50
2 Isopropyl alcohol (2—Propanol) 28
3 1—Butanol 12
4 Acetic acid 10

During combustion, the catalyst induces redox reactions involving the reduction and
oxidation of chemical compounds. In the case of combustion processes, these compounds
include nitrogen oxides and hydrocarbons, as well as carbon monoxide and carbon dioxide.
The combustion process in the engine chamber is a rapidly occurring reaction of the
substance in combination with oxygen, accompanied by the release of a significant amount
of heat. This reaction is initiated by the collision of molecules, whose energy exceeds
a certain threshold value for each reaction, sufficient to break existing intramolecular
bonds and form new bonds within the molecule. The energy possessed by active chemical
molecules necessary to engage in a reaction is called activation energy. The physical
meaning of activation energy in the context of internal combustion engines can be explained
as follows. To initiate a reaction, it is necessary for the reacting molecules to collide.
However, not all collisions lead to reactions between the colliding particles. If every
collision led to a reaction, all reactions would occur almost instantly. Nevertheless, all
reactions have a finite speed, meaning that only a fraction of all collisions lead to a reaction.
Effective collisions are defined as those collisions whose energy at the moment of collision
is slightly higher than the average energy specified for a given temperature. Activation
energy is precisely the excess energy that molecules must have at the moment of collision
to undergo a chemical reaction, and it is a fundamental factor determining the course of
a chemical reaction. The lower the activation energy, the higher the rate constant of the
reaction, and the reaction occurs faster. For polyatomic systems (including hydrocarbon
fuels), activation energy is defined as the minimum kinetic energy that the potential energy
of the system must exceed to allow a chemical reaction to occur within it [27]. Since
activation energy depends on the molecule’s structure and bonding strength, the behavior
of paraffinic hydrocarbons CnH2n+2 has been presented in a very clear manner. In these
hydrocarbons, the energy of breaking C-H bonds is greater than the energy of breaking C-C
bonds. Therefore, as the number of carbon atoms increases, less activation energy is needed
to dissociate the molecule. Eco Fuel Shot is an active substance with a low activation energy
which reacts with substrates, and the resulting compound easily transitions into the final
product. This leads to reduced emissions of toxins in exhaust gases. Substances that reduce
the interfacial tension between two phases are called surfactants. These are active surface
substances that affect the activation energy size between reacting substrates. In study [28],
the authors proposed two types of surfactants as additives to fuels emulsified in water to
improve the combustion process and reduce toxin emissions in exhaust gases. Research
shows that surfactants reduce the hydrocarbon content in the environment [6].
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Analyzing the results of the conducted engine tests, the use of the catalyst resulted
in a significant reduction in both nitrogen oxides and hydrocarbon content in the exhaust
gases. The fuel combustion process in the engine combustion chamber consists of several
stages: ignition delay period, kinetic combustion, diffusive combustion, and secondary
combustion. Among these stages, the ignition delay period has the most significant impact
on the others. There is an aim to minimize the duration of this stage. The ignition delay
period is the time from the beginning of fuel injection into the combustion chamber to the
appearance of the first auto-ignition foci. During this period, the fuel jet breaks up, heats
up, and mixes with the air. If the ignition delay period is too long, the fuel delivered to the
cylinder before ignition does not have enough time for evaporation and mixing with the
air. This leads to the engine’s dynamic loading, noise, and increased emission of nitrogen
oxides (a rapid pressure increase occurs during the second stage). Factors affecting the
ignition delay include:

• Cetane number of the fuel, which determines the fuel’s ability to auto-ignite. The
higher its value, the better the combustibility properties of the fuel. The cetane number
of fuels can be increased by using various additives.

• The type of combustion chamber affects the size of the auto-ignition delay because
there are differences in the fuel distribution in the space and boundary layer and in
the temperature distribution of the combustion chamber walls.

• The pressure and temperature of the fuel at the beginning of the fuel injection process
influence the first stage of the combustion process. Increasing the pressure and conse-
quently the temperature at lower injection advance angles shortens the auto-ignition
delay. Due to the operational wear of the engine, the pressure and temperature at the
end of the compression stroke in the cylinder decrease due to leakages, extending the
auto-ignition delay.

• Quantitative and qualitative characteristics of fuel injection. The size of the dose and
the shape of the jet affect the auto-ignition delay period. Proper injection quantities
(pilot, main) generated by the fuel injectors and the appropriate atomization of fuel
jets shorten the auto-ignition delay.

• Increasing the engine’s rotational speed improves atomization and increases the pressure
and temperature in the combustion chamber, which shortens the auto-ignition delay.

• Directed intensity of charge movement in the combustion chamber shortens the auto-
ignition delay period.

• The dependence on the auto-ignition delay period has been presented in work [29]:

τs = (0.36 + 0.22 × cm)× exp[Ea(
1

RT2
− 1

17.19
)× (

21.2
P2 − 12.4

)
0.63

] (2)

where T2 is the temperature in the combustion chamber, P2 is the pressure in the combustion
chamber, Ea is the amount of activation energy, and cm is the average piston speed.

Ea =
618.840
LC + 25

(3)

where LC is the cetane number.
Based on relation (3), the auto-ignition delay was calculated (Figure 8).
Then, the auto-ignition delay period across the entire range of rotational speeds of the

external characteristics was evaluated for the examined fuels (Figure 9).
The Eco Fuel Shot catalyst increases the cetane number of the fuel, thereby affecting

the magnitude of the activation energy by reducing its value. By analyzing relations (2) and
(3), the use of the catalyst shortens the ignition delay period, which results in improving
combustion processes.
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The combustion process consists of a set of chemical chain reactions of oxidizing fuel
and air components, resulting in mechanical energy. Analyzing the results of conducted
studies, it can be concluded that the tested catalyst achieves the greatest reduction in
nitrogen oxides in exhaust gases. Shortening the autoignition delay period improves the
combustion process by damping the abrupt pressure surge in the engine chamber, thereby
achieving a lower temperature. Nitrogen oxides are formed in high-temperature areas of
the engine combustion chamber. Lowering the temperature reduces their content in the
exhaust gases. However, lowering the temperature increases the content of particulate
matter in the exhaust gases due to their incomplete combustion. The research results show
that the soot content increased only slightly compared to standard fuel. Theoretically,
the content of hydrocarbons should also increase. However, the studies showed that the
concentration of hydrocarbons in the exhaust gases was reduced, especially at higher
rotational speeds. The formation of particulate matter and hydrocarbons is influenced by
the physical parameters of fuel properties. Regardless of the engine load, it is possible
to improve the atomization of the injected fuel by using fuel additives. Atomization is
the breakup of the fuel jet flowing out at high speed, creating a large number of droplets
near the outlet of the nozzle holes. The formation of the combustible mixture consists of
atomization and spreading of the fuel jet, heating and evaporation of the fuel, and mixing
of the fuel with air. The preparation of the combustible mixture lasts from the start of fuel
injection to the end of its combustion. The course of the injection process depends on the
quantitative and qualitative characteristics of the fuel jet, the design of the combustion
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chamber, fuel properties, the speed and direction of the charge spread, the location of
fuel injectors, and the mutual orientation of fuel jets. The ignition of atomized fuel is a
chain, multi-stage process. The first ignition foci are formed according to the volumetric
combustion process. The flame spreads and the combustion of the fuel-air mixture prepared
during the autoignition delay period begins. The combustible mixture enters the stage of
diffusive combustion and then completes its combustion. The use of the Eco Fuel Shot
catalyst affects not only the chemical properties of the fuel but also its physical properties.
The additive improves atomization and shortens the fuel evaporation time. This leads to a
reduction in hydrocarbons and soot in the exhaust gases, despite the lower temperature
in the engine combustion chamber. Analyzing the percentage concentration of carbon
dioxide in the exhaust gases, it is evident that the engine running on fuel with the Eco
Fuel Shot additive had lower emissions at low and medium rotational speeds, while above
2600 [rpm] carbon dioxide emissions were lower for the engine powered by standard diesel
fuel. The oxygen content in the exhaust gases, on the other hand, is the opposite. A similar
relationship occurs in the emission of nitrogen oxides: the higher the rotational speed, the
smaller the differences in their content in the exhaust gases between the tested fuels. This
may be related to the temperature in the combustion chamber. Higher rotational speeds
result in higher temperatures, which affect the emission of individual toxic substances. The
Eco Fuel Shot additive does not affect the maximum pressure in the engine combustion
chamber. The power and torque of the engine depend on the size of the gas forces acting
on the piston crown. For both fuels, these parameters were at a similar level. Analyzing the
course of specific fuel consumption, it can be concluded that the use of the catalyst lowers
engine efficiency. Specific fuel consumption is higher for fuel with the additive throughout
the entire range of rotational speeds.

4. Materials and Methods

The engine tests were conducted at the measurement station equipped with a Fiat 1.3
JTD engine featuring a Common Rail system, Automex AMX 100 brake (ODIUT Automex
Sp z o. o., Gdańsk, Poland) (Figure 10), Automex fuel meter ((ODIUT Automex Sp z o. o.,
Gdańsk, Poland), MDO Maha smoke meter (MAHA, Haldenwang, Germany), and Capelec
exhaust gas analyzer (Capelec Group, Montpellier, France), which meets the latest Euro-
pean requirements for MID (Measuring Instruments Directive) with the highest accuracy
class of 0.
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Figure 10. Fiat 1.3 JTD test bench with control system.

The measurement error of the engine test bench with the fuel meter is 2%. Standard
diesel fuel (ON) and fuel with the Eco Fuel Shot liquid catalyst were used for the tests. The
exhaust emission measurement was carried out in accordance with the Polish Standard
PN—EN ISO 8178—1: 2020 [30]. Emission measurements were taken at the engine outlet
about 2 m from the exhaust manifold (Figure 11). For the research, standard diesel fuel
with a 7% bio-component additive was used. Data regarding the cetane number content of
the standard fuel with the catalyst were provided by the manufacturer.
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Figure 11. Emission measuring point A.

External characteristics were conducted at full engine load for each rotational speed.
During the studies, the parameters of the engine running on standard and modified fuels
were compared. The results of measurements with the catalyst fuel were referenced to the
measurements on standard fuel under the same conditions.

The liquid catalyst Eco Fuel Shot is a hygroscopic substance that is dosed directly into
the fuel tank. The additive ensures that the fuel is homogeneous and undivided, leading to
its complete combustion in the engine chamber. The task of the active substance is to reduce
the magnitude of the activation energy due to the formation of a transitional compound
with reactants. The analysis of conducted research showed that the application of the
liquid catalyst as a fuel additive significantly limited the emission of certain substances.
The chemical properties of the active substance induce secondary combustion and reduce
the emissions of nitrogen oxides, hydrocarbons, and carbon dioxide. The smoke emission
slightly increased. The catalyst removes deposits from engine components. The increased
smokiness could have been caused by the engine operating on modified fuel for too short a
period. The soot present on the engine components did not have time to burn off, which
could have affected the emission of particulates. The specific fuel consumption was at a
comparable level for both tested fuels.

The catalyst initiates a redox reaction during combustion, involving the transfer of
electrons between chemical particles. Particles losing electrons undergo oxidation, while
molecules gaining electrons undergo reduction. The action of the liquid catalyst occurs
inside the combustion chamber, which, thanks to the low activation energy, increases
the reaction rate constant, optimizing and improving the combustion process of the fuel
mixture in the engine chamber. The cetane number of the tested diesel fuel was 51, and
with the addition of Eco Fuel Shot, it was 57. Mathematical analysis showed that the liquid
catalyst shortens the ignition delay period, affecting the combustion process of the fuel
mixture in the cylinder’s working space.

Further research on the application of the liquid catalyst as an Eco Fuel Shot additive
to fuel will include long-term engine tests, analyses of engine operation on plant-derived
fuels with the addition of Eco Fuel Shot, and analyses of engine operation with a liquid
catalyst on modified fuel supply equipment.

5. Conclusions

The Eco Fuel Shot fuel additive is a liquid catalyst that reduces toxic substances in
exhaust gases. Manufacturer data showed that it increases the cetane number of the fuel,
which affects the activation energy value and shortens the delay period of fuel autoignition
in the engine’s combustion chamber. The studies showed that an engine running on
fuel with the catalyst had a lower concentration of nitrogen oxides (NOx) across the
entire range of rotational speeds. To reduce nitrogen oxides in exhaust gases, the AdBlue
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liquid is used, which is dosed from a separate tank in the vehicle and added to the SCR
catalyst in the exhaust system. By reducing the content of nitrogen oxides in the exhaust
gases, the consumption of AdBlue by the vehicle during operation can be reduced. The
emission of hydrocarbons (HC) is lower for the fuel with the additive up to 2600 [rpm]
at lower rotational speeds, which may be attributable to a lower amount of oxygen in the
combustion chamber. A similar relationship occurs in the emission of carbon dioxide (CO2),
where above 2600 [rpm] its emission is higher compared to standard fuel. The velocity
characteristic of oxygen (O2) concentration in the exhaust gases shows that the oxygen
content above 2600 [rpm] is lower for the modified fuel compared to the standard. The
worst performance was noted in the content of particulate matter in the exhaust gases
for the fuel with the additive. Across the entire range of engine rotational speeds, its
content was lower for standard fuel. The power and torque of the tested engine were at
a similar level for both fuels, so the engine efficiency is influenced by the instantaneous
fuel consumption, which was lower for conventional fuel. In conclusion, the authors of
the study believe that the Eco Fuel Shot catalyst is a developmental product that can be
improved or an engine can be adapted for its utilization.

Further research related to the use of the catalyst as a fuel additive should be conducted
in the following directions:

1. Laboratory tests of the spray patterns of standard and modified fuels with the additive.
2. Measurement of pressure and temperature progression in the combustion chamber of

the engine for standard and modified fuels.
3. Analysis of the operation of CI (compression ignition) engines with modified fuel

injectors as presented in study [19], using fuel with the catalyst.
4. Analysis of the operation of engines on plant-derived fuels with the Eco Fuel Shot catalyst.
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