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INTRODUCTION

Previous concepts of lubricity improvers’ functional 
mechanism aimed at increasing the stability of 
lubricating layer, created both by engine fuels as well 
as lubricating oils, can be come down to the interaction 
between additive molecules and the surface of machine 

element being lubricated. Depending on the forces 
applied to the friction pair, two mechanisms of boundary 
layer formation by lubricating additives have been 
adopted. They are the following:
• The adsorption or chemisorptions of additive 

molecules on the lubricated surface (additives create 
the “antiwear” /AW layer), and
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Abstract   The paper covers the mechanism of lubrication layer formation by fuels containing synthetic hydrocarbons 
and alcohols. Development of alternative fuels containing FAME, alcohols, and synthetic hydrocarbons has 
increased the interest in the mechanism of lubrication of fuelling systems parts. Fuel lubricity tests have been 
conducted using the HFRR and BOCLE testing rigs. Fuels under testing, both for CI engines and for aviation 
turbine ones, contained synthetic components: saturated hydrocarbons both of even and odd number of carbon 
atoms, and butanol, isomers. These components have been added to conventional fuels, such as diesel fuel and 
Jet A-1 fuel at the concentration of 0–20% (V/V). All fuels under testing contained commercially available 
lubricity improvers (carboxylic acid). Test results were analysed using model αi described in [L. 6, 7]. As 
a result of the analysis, it has been found that the liquid phase, which is a lubricating film, should contain 
agglomerates or molecular clusters responsible for the transport of energy introduced into lubricating film by 
electrons emitted from metal surface. The mechanism enabling a description of the effect of base fuel without 
lubricity improvers on efficiency of such additives has been suggested.
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Streszczenie   Przedmiotem artykułu jest mechanizm tworzenia warstwy smarującej przez paliwa zawierające syntetyczne 
węglowodory i alkohole. Rozwój paliw alternatywnych spowodował wzrost zainteresowania mechanizmem 
smarowania elementów układów zasilania silników. Badania smarności paliw prowadzono z użyciem apa-
ratów HFRR i BOCLE. Badane paliwa do silników o ZS i paliwa do turbinowych silników lotniczych za-
wierały trzy serie syntetycznych komponentów: węglowodory parafinowe o parzystej liczbie atomów węgla, 
węglowodory parafinowe o nieparzystej liczbie atomów węgla oraz izomery butanolu. Powyższe syntetyczne 
komponenty były dodawane do mineralnych paliw: oleju napędowego i paliwa Jet A1 w ilości 0–20% (V/V). 
Wszystkie badane paliwa zawierały komercyjnie dostępne dodatki smarnościowe (kwas karboksylowy). 
Wyniki badań eksperymentalnych były analizowane z zastosowaniem modelu αi opisanego w publikacjach  
[L. 6, 7]. W rezultacie przeprowadzonej analizy stwierdzono, że faza ciekła – film smarny powinna zawierać 
aglomeraty lub klastry molekularne, które są odpowiedzialne za transport energii wprowadzanej do filmu 
smarnego przez elektrony emitowane z powierzchni metalu. Zaproponowano mechanizm, który może wyja-
śnić wpływ paliwa bazowego (bez dodatków smarnościowych) na efektywność działania dodatków smarno-
ściowych.
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•  The chemical reaction of additive with surface 
material (additives create the “extreme pressure” /EP 
layer).

The above-mentioned mechanisms have been 
developed for many decades and have been widely 
described in many publications regarding tribochemistry, 
among others, in [L. 1]. Basic experimental material 
for the development of such mechanisms is testing 
the surface of lubricated elements at the end of their 
work at specific circumstances – after releasing the 
mechanical and thermal forcing. Various analytical 
methods enable one to determine the durable products 
of the reaction with lubricity improvers on the surface of 
elements being lubricated. The chemical structure and 
the amount of such products cumulated at specific places 
of lubricated surface are recognised as responsible for 
the boundary layer protecting lubricated surfaces against 
direct contact, hence against the fatigue or seizing up. 

The basis for testing the mechanisms of the protection 
layer, which is the boundary layer discussed above, are 
disputed based on the following:
• The research work is conducted ex post, and there are 

no explicit reasons that durable products of chemical 
reactions with additives are responsible for boundary 
layer durability during lubrication.

• Research on the creation of adsorption layers by 
lubricity improvers are necessarily conducted 
in static conditions, without fluid layer flow and 
without the load.

• Many other fuel or lube oil additives have higher 
polarity than lubricity improvers, showing higher 
an ability to adsorb, but have no beneficial effect on 
boundary layer durability.

• Adsorption mechanisms do not help to explain the 
observed strong effect of the chemical structure of 
the base fuel on the efficiency of the function of 
lubricity improvers. 

Fig. 1.  Adsorption mechanism of lubricity improvers functioning at AW zone
Rys. 1.  Adsorpcyjny mechanizm działania dodatków aktywnych w obszarze AW

ASSUMPTIONS OF THE PROPOSED 
MECHANISM OF MECHANO-INDUCED 
TRIBOCATALYTIC REACTIONS 

The theory of mechano-induced catalytic 
reactions has been developed for tribological processes  
[L. 2, 3, 4], in the case of fuels, for lubrication of fuel 
pumps and injection units. The crucial point for this 
theory is the means of describing the observed catalytic 
reactions. It was found that the observation of the 
course of reaction with one set of reagents subjected to 

reaction at exact conditions would not be able to give 
the information needful for the description of such 
reaction mechanism. This is the Arrhenius’s attitude 
to chemical reactions – the base of his equation was 
the observation of reaction rate change depending on 
reaction mixture temperature variation. For a specific 
reaction, he experimentally determined the relationship 
k = f (T), where k is the constant reaction rate, T – 
temperature at which the reaction take place. He found 
that this relationship is different for different reagents. 
Hence, he developed the activation energy Ea as the 
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quantity responsible for various course of relationship  
k = f(T) for different reagents.

                 ln k = ln A – Ea/RT (1)

Introduction of activation energy was possible 
due to the observation of the course of relationship  
k = f(T) for the whole set of reagents. This attitude 
to describe the tribocatalytic reactions is the basis for 
a new theory that enhances the Arrhenius theory. The 
observation of change in tribocalalytic reactions due 
to external forces, i.e. the mechanical work and heat, 
was taken as a starting point. The Arrhenius equation 
corresponds to the “reaction” in relationship reaction 
= fu (action), so it is part of an extended relationship. 
It is assumed that it is a more complete description of 
the process with tribocatalytic reactions that considers 
both thermodynamic and kinetic relationships. This 
description would give more information to describe the 
tribocatalytic reaction mechanisms, especially regarding 
such complicated process as lubricating film forming. 
The bases of mechano-induced catalytic reactions were 
developed in the mid-1980s [L. 5]. The tribological 
research in the extent of boundary lubrication showed 
that the process of boundary layer forming should by 
described using the relationship of two functions. 
One, the f(y) is the “action,” and the other φ(y) is the 
“reaction.” It assumed that f(y) – action is the work 
L that has to be done at tribological system to put the 
system into a specific critical condition, e.g., seizure. 
The φ(y) is the reaction of the system to the completed 
work that could be expressed as internal energy 
change ∆u of the tribological system. This change is 
expressed by the temperature change in the system and 
the change in energy state of system elements due to 
chemical reactions taking place with the tested reagent. 
Furthermore, it found that there was the additional 
energy supplied to the constituents of the lubricating 
layer, which is expressed in the equation (2) as ε. The 
energy ε is connected with low energy electrons emitted 
in tribological process [L. 6, 7, 8, 9, 10, 11]. The 
following is the resulting relationship:

αi = (L – L0) / A exp[-Ea/(RT + ε)] 
[(e0) cos (k2L + k3)] t                        (2) 

C = 1/A exp[-Ea/(RT + ε)] [(e0) cos (k2L + k3)] t   (3)

where
L –  mechanical work that should be done in 

tribological system to gain critical condition, 
e.g., seizure, 

L0 –  mechanical work that should be done in 
reference system to gain critical condition, 
e.g., seizure, 

T –  temperature of liquid phase where the 
reaction takes place, e. g. boundary layer, 

ε −  energy introduced into the reaction space, 
other than heat (RT),

e0 –  energy stream emitted from the surface of the 
solid body (catalyst) as low-energy electrons 
(perpendicular to solid surface), 

A, k2, k3 –  constant values,
t –  time.

The above relationship shows the energy 
distribution between the environment and the system, 
where the observed reaction takes place, as well as the 
energy distribution inside the system, i. e. the lubrication 
layer. It was found that the system of energy distribution 
delivered through the surface of parts being lubricated 
to constituents of the lubrication layer, even distant from 
the surface should exist. It was found that the mechanism 
of energy transfer delivered by emitted electrons is 
described by the trigonometric part of relationship (2). 
The angle 

                             γ = k2L + k3 (4)

was connected with electron emission anisotropy, and 
further with the existence of priority directions of energy 
transfer into the lubrication layer. The existence of such 
priority directions should be connected with the presence 
of ordered molecular structures, “molecular clusters,” 
in the lubrication layer created by hydrocarbons 
containing fuels [L. 12]. The research presented in  
[L. 13] show that molecular clusters are created by 
aromatic hydrocarbons, especially PAH. It was also 
found [L. 12] that the priority energy transport paths 
exist in cluster structures, and they are described with 
a trigonometric relationship similar to equation (2).

Based on above assumptions, the following 
mechanisms of boundary layer formation have been 
formulated:
• For the AW zone: Lubricant (e.g. fuel) containing 

molecular clusters forms the layer subjected to 
pressing force and force tangent to lubricated surface. 
The load increase causes removing the layer from the 
gap between parts being lubricated. The clusters are 
the part of the lubricant structure that hinders such 
removing due to relatively strong intermolecular 
bonds inside the cluster and a slighter interaction 
between the clusters.  Load increase causes structure 
deformation of the clusters, and the tribologically 
activated surface of element being lubricated emits 
the energy (as low-energy electrons), which flows 
through the clusters, and as a result, it is cumulated 
in clusters. When the load achieves the critical value, 
the cluster deformation, and amount of cumulated 
energy is so high that the clusters disintegrate, and 
it is easy to remove the lubricant from friction zone, 
resulting in seizure. Molecules of lubricity improvers 
incorporate into the structure of the clusters or 
contact with them. When the energy of the clusters 
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is close to the disintegration energy, the endothermic 
chemical reaction with lubricity improver molecules 
takes place. Due to this reaction, part of th energy 
included in the clusters is taken, so the clusters 
are virtually “cooled down.” Such energy remains 
included in the products of the lubricity improvers 
reaction, so even at relatively high load, the clusters 
do not cumulate energy in their structure, they stay 
deformed, but they still are durable, and efficiently 
hinder removing the lubricant from friction zone. 

• For the EP zone: The load increase above the critical 
value (seizure point) is the reason that partially 
transformed chemically lubricity improver molecules 
cannot “cool down” the clusters, but at a specific 
energy, they are subjected to further transformation, 
and disintegration, creating transition products 
reactive against the material of lubricated surface. 
Such products are contained in the surface layer 
of lubricated machine elements. Products of such 
reaction are resistant to extreme load, and prevent 
further seizing, or even welding of mating elements. 
As for the fuels, the EP zone of forcing does not exist.

Fig. 2.  Suggested mechanism of lubricity improvers functioning in the AW zone
Rys. 2.  Proponowany mechanizm działania dodatków smarnościowych w obszarze AW

The molecular clusters, which collided with 
another molecules, atoms, or ions, behave in a different 
way than single molecules of specific compound. The 
special quality is transferring the energy from molecule 
colliding with cluster to the whole cluster, which 
prevents specific constituents of the cluster from the 
disintegration of some bonds and the fragmentation of 
the molecule. An important quality of molecular clusters 
is the ability to conduct electricity, even when they are 
dielectrics. Such special qualities of clusters and the 
ability of different hydrocarbons to create them lead 
to the following hypothesis: Hydrocarbon molecules 
of fuels create the molecular clusters responsible for 
energy transfer from the source (the surface of the 
lubricated element) to inside of liquid phase. This 
energy is then transferred to molecules of reagents. 
Therefore, clusters can take over the energy from low-
energy electrons emitted from the solid surface and 
transfer it to the inside liquid phase, and then to transfer 
it to reagent molecules. 

Fig. 3.  Models of cluster structure [L. 12]
Rys. 3.  Modele struktury klastrów [L. 12]
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PRELIMINARY  VERIFICATION   
OF  THE  SUGGESTED  MECHANISM   
OF  LUBRICATION  LAYER  CREATION  BY  
ENGINE  FUELS  

The hypothetic mechanisms mentioned above have been 
verified using the following hydrocarbon fuels: diesel 
fuel with commercial lubricity improver, and Jet A-1 
fuel without lubricating additive, and their blends with 
chosen synthetic hydrocarbons and butanol isomers. 

Methodology

The fuels used in the research are listed in Table 1.
The proposed mechanism of protective layer 

formation by fuels, including Jet fuels, suggests the 
influence of the chemical structure of mineral part of 
fuel on its lubricity. To see if the chemical structure of 
mineral part of jet fuel affects the tribological properties 
of its blends with synthetic hydrocarbons, blends were 
prepared containing Jet A-1 produced using hydro-

treating technology (Jet 1) and Jet A-1 produced using 
Merox technology (Jet 2).

The second synthetic component of diesel fuel used 
in research was butanol. This alcohol is interesting for 
fuels application. There are four isomers of butanol. 
Three of them are the components of biobutanol. The 
isomer which dominates in biobutanol – n-butanol 
(butan-1-ol) was added to Diesel Fuel 2 in concentration 
5 to 20% (V/V).

Butanol isomers as well as various synthetic 
hydrocarbons, including those listed in Table 1, were 

Table 1.  The list of tested fuels
Tabela 1.  Wykaz badanych paliw

Mineral fuel Synthetic component
Concentration  

of synthetic component 
[% (V/V)]

Commercial diesel fuel 
(without FAME) – DF1

The mixture of aliphatic hydrocarbons n C11, n C15, n C17 (odd 1 and 
odd 2 – components of various concentration of each hydrocarbon; 
two samples were prepared for each component: odd 1/1, odd 1/2, 
odd 2/1, and odd 2/2)

0, 5, 10, 15, and 20

The mixture of aliphatic hydrocarbons n C12, n C14, n C16 (even 1 and 
even 2 – components of various concentration of each hydrocarbon; 
two samples were prepared for each component: even 1/1, even 1/2, 
even 2/1, and even 2/2)

0, 5, 10, 15, and 20

Commercial Jet A-1 
– Jet 1 (hydrotreating 
technology)

The mixture of aliphatic hydrocarbons n C11, n C15, n C17 (odd 1 and 
odd 2 – components of various concentration of each hydrocarbon; 
two samples were prepared for each component: odd 1/1, odd 1/2, 
odd 2/1, and odd 2/2)

0, 5, 10, 15, and 20

Commercial Jet A-1 – Jet 
2 (Merox technology)

The mixture of aliphatic hydrocarbons n C11, n C15, n C17 (odd 1 and 
odd 2 – components of various concentration of each hydrocarbon; 
two samples were prepared for each component: odd 1/1, odd 1/2, 
odd 2/1, and odd 2/2)

0, 5, 10, 15, and 20

Commercial diesel fuel 1 
(without FAME) – DF1

Buthan-1-ol 10 and 20

Butan-2-ol 10 and 20

2-methylpropane-1-ol 10 and 20

Commercial diesel fuel 2 
(without FAME) – DF2 Biobutanol (containing mainly    Butan-1-ol) 0, 5, 10, 15, and 20

added to jet fuels  in concentration of 5 to 20%(V/V) in 
order to determine their influence on electric conductivity 
and lubricity of prepared blends. 

The fuels (blends) listed above were tested using 
standard HFRR and BOCLE methods. The lubricity of 
diesel fuel is detected using a HFRR (High Frequency 
Reciprocating Test Rig) apparatus and method 
according to PN-EN ISO 12 156 standard. The HFRR 
and BOCLEE apparatus is shown in Fig. 4 and Fig. 5. 

The wear scar diameter of balls was measured, 
and it was the criterion of lubricity of the tested blends.  
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Additionally, during HFRR tests, it was possible to 
measure the protective film thickness, friction moment, 
and temperature. These parameters were measured 
when the mixtures of diesel fuel and buthanol isomers 
were tested. According to the proposed mechanism of 
lubricating layer formation, the electric conductivity, 
as one of the molecular cluster characteristic, were 
measured. 

This methodology should allow for preliminary 
verification of the hypothesis that molecular clusters 
formed by hydrocarbons of base fuel (fuel without 
additives) play an important role in protective layer 
formation during tribological processes. The first 

criterion of the preliminary verification of this hypothesis 
is the measurable relation between electric conductivity 
of tested blends and such tribological parameters, as 
the wear of tribotester elements, the thickness of the 
protective layer during HFRR tests, and friction moment.  
The second criterion is the concentration of synthetic 
components of tested fuels at which the tribological 
properties are different than at other concentrations.

The results

The results of research conducted according to the above 
methodology are presented in Figs. 6–10.

Fig. 4.   HFRR apparatus-friction node and test conditions
Rys. 4.  Węzeł tarcia aparatu HFRR i warunki testu

The test conditions are as follows:
• Test duration – 75 min
• Frequency of upper ball vibration – 50 Hz
• Load – 200 g
• Temperature of tested fuel on the beginning 

of the test – 60ºC

The test conditions are as follows:
• Rotating speed of cylinder – 240 rpm
• Load – 1 000 g
• Test duration – 30 min.
• Fuels temperature – 25ºC

Fig. 5.  BOCLE apparatus-friction node and test conditions
Rys. 5.  Węzeł tarcia aparatu BOCLE i warunki testu
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 Fig. 6.  Electric conductivity vs. n-paraffinic hydrocarbons content in diesel fuel DF 1:  a) odd 1 = odd 1/1 and odd 2 = odd 
2/1, b) even 1 = even 1/1 and even 2 = even 2/1

Rys. 6.  Przewodność elektryczna vs. zawartość węglowodorów n-parafinowych w oleju napędowym DF 1: a) o nieparzystej licz-
bie atomów C odd 1 = odd 1/1 i odd 2 = odd 2/1, b) o parzystej liczbie atomów C even 1 = even 1/1 i even 2 = even 2/1 

Fig. 7.  HFRR wear scar diameter vs. concentration (in DF 1) of n-paraffinic hydrocarbons: a) odd, b) even 
Rys. 7.  Średnica śladu zużycia w teście HFRR vs. stężenie (w DF 1) węglowodorów n-parafinowych: a) o nieparzystej liczbie 

atomów C, b) o parzystej liczbie atomów C 

The presented results show the relation between 
wear scar diameter after HFRR tests and the concentration 
of synthetic n-paraffinic hydrocarbons. The research 
covered hydrocarbons, which have a structure similar 
to biocomponents obtained using different technologies. 
There were prepared two mixtures consisted of (a) 
synthetic hydrocarbons of odd number of carbon 

atoms in the molecule, and (b) synthetic hydrocarbons 
of similar chain length, but of even number of carbon 
atoms in the molecule. In the case of hydrocarbons with 
an even number of carbon atoms  at concentration 5% 
(V/V), the very distinct deterioration of fuel lubricity in 
relation to diesel fuel quality was observed. An increase 
of such hydrocarbons concentration to 10% (V/V) causes 
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the improvement of the lubricity to diesel fuel level. 
Further concentration increase causes another lubricity 
deterioration, but not as sudden as for 5% (V/V). In the 
case of hydrocarbons with an odd number of carbon 
atoms, the course of relationship wear = f (synthetic 
hydrocarbons concentration) is similar, but lubricity 
deterioration at 5% (V/V) concentration is very small. 
Therefore, the addition of n-paraffinic hydrocarbons 
causes a decreasing durability and thickness of 
lubricating film created by conventional diesel fuel, and 
this effect is especially evident at concentration of 5% 
(V/V). 

It is difficult to explain the effects described here 
using any known lubrication theory (the creation of 
lubricating layer in hydrodynamic friction – viscosity, 
and boundary one – adsorption and chemisorption 

of fuel constituents responsible for lubrication). The 
geometric (stereochemical) effects connected with 
the creation and mechanically forced disintegration of 
clusters, according to this theory, can be the explanation 
of the mentioned effects. The introduction of n-paraffinic 
hydrocarbons into mineral fuel can cause the disturbance 
of the structure of the clusters. When hydrocarbons 
concentration reaches 5% (V/V), the disturbances 
are strong enough to decompose a considerable part 
of the clusters, causing deterioration of lubricating 
film durability. Beyond this concentration, the new, 
more durable cluster structure containing n-paraffinic 
hydrocarbons is created. However, further concentration 
of n-paraffins increase causes bigger disturbances in the 
structures of the clusters, and consistent lubrication film 
durability decreases. 

Fig. 8.  BOCLE test lubricity change vs. content of synthetic “odd” components: a) JET1 – obtained using hydrotreating 
technology, b) JET2 – obtained using Merox technology

Rys. 8.  Zmiana smarności w teście BOCLE vs. zawartość syntetycznego komponentu „odd”:  a) JET1 – wytworzone z zastoso-
waniem technologii hydrorafinacji, b) JET2 – wytworzone z zastosowaniem technologii Merox 

The influence of the chemical structure of mineral 
part of jet fuel, depending on refineries technology, 
on BOCLE determined lubricity of blends containing 
synthetic hydrocarbons is seen in Fig. 8. The 
concentration of 5% (V/V) of synthetic hydrocarbons is 
critical, but the change of wear with the concentration 
of synthetic hydrocarbons increase is different for each 
kind of jet fuel.

Research on the effect of non-polar n-paraffinic 
hydrocarbons on diesel fuel conductivity clearly shows 
that the electrically conducting structures are created. 
It was noticed that, at a concentration of 5% (VV), 
the distinct extreme appears. The lubricity extreme 
appears at the same concentration. The data shows that 
the addition of hydrocarbons at a low concentration of 
5% (V/V) causes a change in the ability of blends to 
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conduction the energy of electric charges. It is confirmed 
by the observed relationship between the BOCLE wear 
and electric conductivity for Jet A-1, and mixtures 
of this fuel with synthetic hydrocarbons and butanol 
isomers (Fig. 9). This theory is confirmed by testing 
models of another alternate fuel: a mixture of diesel fuel 
and butanol. Table 2 summarises the effect of butanol 
isomers on the HFRR wear test. Furthermore, Fig. 10 
shows example courses of changes of lubricating film 
thickness and friction coefficient during lubricity testing 
of mixture of DF (diesel fuel) with one of butanol isomer. 
Results indicate that lubricity parameters depend on 
biocomponent concentrations. As shown previously, this 
effect appears at a concentration of 5% (V/V) of alcohol.

It is difficult to explain the observed effect of 
butanol on lubricity based on any known theory of 
boundary layer forming, while the cluster theory enables 
one to explain such results. 

Fig. 9.  BOCLE lubricity vs. electric conductivity for 
blends of conventional Jet A-1 and synthetic 
components: hydrocarbons and isomers of butanol 

Rys. 9.  Zależność smarności w teście BOCLE od przewodno-
ści elektrycznej konwencjonalnego paliwa Jet A1 za-
wierającego syntetyczne komponenty: węglowodory 
i izomery butanolu 

Table 2.  The effect of butanol isomers on HFRR wear scar diameter
Tabela 2.  Wpływ izomerów butanolu na średnicę śladu zużycia w teście HFRR

SN Butanol isomer HFRR result for mixture of    DF 1 and 
10% (V/V) of butanol isomer [µm]

HFRR result for mixture of    DF 1 and 
20% (V/V) of butanol isomer [µm]

0 Diesel fuel 1(DF1) 407
1 Butan-1-ol 406 437
2 Butan-2-ol 374 440
3 2-metylopropane-1-ol 378 385

Fig. 10.  Change of friction coefficient and lubricating film thickness during HFRR testing of diesel fuel with biobutanol 
(containing mainly butan-1-ol)  at various concentration; WS1,4 – wear scar diameter

Rys. 10.  Zmiana współczynnika tarcia i grubości filmu smarnego podczas testu HFRR oleju napędowego z biobutanolem (zawie-
rającym głównie butan-1-ol) w różnym stężeniu; WS1,4 – średnica śladu zużycia 
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CONCLUSIONS

The mechanism of protective layer forming (probably 
of AW structure) has been developed based on physical 
interpretation of a mathematical model of tribochemical 
processes, and enables one to explain the empiric 
observations regarding the lubricity of diesel and aviation 
turbine fuels. The proposed mechanism is considerably 
different from currently described hypotheses in the 
following ways:
• It introduces the term molecular clusters created by 

base fuels hydrocarbons as a component of protective 
layer, responsible for the durability of the layer.

• It attributes the energy transport from the surface of 
lubricated element to inside of protective layer to 
molecular clusters.

• It shows that lubricity improvers are subjected 
to chemical reactions not only on the surface of 
element being lubricated, but in whole volume of 
boundary layer. Due to chemical reactions, part of 
the energy is taken from molecular clusters, resulting 
in a boundary layer durability increase. 

• It shows the effect of particular base fuel constituents, 
including non-petroleum ones (hydrocarbons, 
bioalcohols) on the change/disturbance of molecular 
clusters, resulting in fuel lubricity.

The results of testing of fuels containing synthetic 
hydrocarbons and butanol isomers presented in this 
paper previously confirm the suggested mechanism. 
However, it is necessary to perform further investigations 
and verifications directed to confirm the presence of 
molecular clusters in engine fuel structures and their role 
in forming and maintaining the durability of boundary 
layers.
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