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Abstract: The article is devoted to the analysis of the most used additives for lubricants. The principle of their operation and the result of
their work are considered. The effect of additives on the structure of surface layers on the surface of friction pairs is estimated. The analysis
showed the use of only a limited number of principles of the action of antifriction additives. Theoretically promising antifriction additives for

base oils, relevant for use in railway transport, have been proposed.
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Introduction

The introduction of effective antiwear, extreme pressure and
antifriction additives into lubricants has stimulated interest in the
study of existing analogues. This has generated interest in the de-
velopment, testing, application of new compounds and the study of
their properties. Lubricant additives play an important role in in-
creasing the service life and reliability of machines and mechan-
isms.

Additives have been discovered that effectively increase the
thermal stability of lubricating layers, reduce the coefficient of
friction and reduce wear even at high temperatures. To implement
external friction, it is necessary to create a layer on the friction
surfaces that has a small value of T and a value of ox that is less
than that of the base material. From the consideration of the mole-
cular component of friction, it follows that for the implementation
of external friction, the shear resistance in the contact zone of the
bodies must be less than in their volume. In other words, on the
surface of a solid, there must be a layer with a reduced shear resis-
tance (the rule of 1.V. Kragelsky).

A positive gradient of mechanical strength can be created by
applying various lubricating films on the surface at a small value of
T, which is exactly what solid lubricants have. In the structure of
layered and solid lubricants, the relative strength of bonds between
atoms in different directions varies greatly. This is due to the pres-
ence in solid lubricants of the difference in interatomic distances
between atoms in one layer relative to others. In the structure of
solid lubricants, two types of bonds are usually combined - very
weak (van der Waals) between the layers and strong (covalent,
metallic) within the layer. In the process of friction, the layers of the
solid lubricant shift, while due to the weak van der Waals interac-
tion between the layers, the shear resistance will be very small.
Different surfaces of layered crystals determine their surface sliding
process [1]. One of the main properties that ensures the high lubrici-
ty of solid lubricants is their high adhesion to metal surfaces. Solid
lubricants that do not have a layered structure (metals, polymers)
exhibit a lubricating effect as a result of low shear resistance of the
resulting adhesion bridges - they create a positive gradient of the
mechanical strength of rubbing materials, which ensures stable
external friction with low friction forces.

Special attention was paid to the study of the ability of var-
ious compounds to modify the rubbing surfaces of various metals
under boundary conditions and the ability of surfactants (surfac-
tants) to exhibit a noticeable antifriction effect due to the adsorption
of polar molecules on the rubbing surfaces [2]. It is necessary to
observe the correct technology for the production of lubricants,
because the colloidal stability of the resulting oil depends on it. A
deeper understanding of the mechanisms of action of additives will
help the development of more effective, in order to increase the
antifriction properties of lubricants.

In [3], a study is carried out of the effect of molybdenum
complexes with dithiophosphine and dithiocarbamine on the struc-
ture and thickness of the layers that they form on the surfaces of
friction pairs. MoS; - a lamellar solid lubricant based on molybde-
num disulfide as an additive - consists of individual asymmetric
planes that slide easily relative to each other [4]. Each MoS; layer
consists of S - Mo - S stacks (molybdenum atoms are located be-
tween two layers of sulfur atoms), in which one molybdenum atom
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is surrounded by six sulfur atoms. Testing was carried out on a
friction four-ball machine under normal load in the temperature
range 25-350 ° C. The results showed that molybdenum-containing
additives provide lower values of the coefficient of friction than
their zinc counterparts [5]. Molybdenum disulfide forms a tough
cohesive film, smoother than the working surface. The resulting
film of molybdenum disulfide on the friction surface has high adhe-
sive properties to metal surfaces, which significantly reduces sur-
face wear.

The most effective antifriction behavior is achieved when
the formation of secondary structures is localized in thinner metal
layers on friction surfaces. Molybdenum-containing complexes
form thinner films of S-S layers than their zinc analogs; this corres-
ponds to lower values of the coefficient of friction [6].

Polytetrafluoroethylene has no layered structure. Its high
lubricating properties are due to its high softening point. The poly-
mer exhibits an extremely low coefficient of friction due to the
smooth molecular structure of the polymer chains, which are
oriented in such a way as to facilitate sliding. PTFE leads to the
formation of rod-shaped macromolecules that can slide over each
other. Thus, fluorine-containing acids in an organic solvent reduce
the coefficient of friction, and the larger the carbon chain, the lower
the value of the coefficient; friction polymers also, due to the large
branching of the carbon chain, reduce the coefficient of friction.

In [7], the authors used hydrocarbon lubricants and found
that there is a decrease in surface wear during the formation of
organic products, which were called "friction polymers". The wear
of metal surfaces is reduced due to the formation of friction poly-
mers by lubricants, which indicates a positive effect of friction
polymers on the fatigue life of high-temperature bearings and on the
contact strength of machine parts.

As a result of strong intermolecular interaction between the
surfaces of friction pairs, molybdenum complexes form thinner SS
layers, which corresponds to lower values of the friction coefficient.
Various additives (surfactants - surfactants) in lubricants are capa-
ble of exhibiting an antifriction effect due to the adsorption of polar
molecules on rubbing surfaces. The wear mechanism in the case of
ionic liquids based on fatty acids is adhesive in nature. The result of
the adhesion interaction of the rubbing bodies is the destruction of
the subsurface layers of materials, the frictional transfer of wear
particles. Lubricant molecules are adsorbed on the friction surface
and create a protective layer.

After studying the additives, we can say that the most prom-
ising will be organic compounds containing sulfur and phosphorus.
The proposed additives may be relevant for reducing the wear of the
surfaces of the friction pair rail - wheel flange of a locomotive.

Results and Discussion.

Sulfonated oils impart good antiwear properties to the lubri-
cant. Using sulfonated hydrocarbons supposes that the active sulfur
will react with rubbing surfaces to form thick iron sulfide films that
reduce the surface wear. The sulfate ability as additives improves
the antiwear, anti-friction and extreme pressure characteristics of
lubricants. This is due to forming low-energy films on rubbing
metal surfaces under heavy loads because of chemisorption, as a
result of which friction and wear between the mating surfaces de-
crease. It can be assumed that the resulting surface films are easily
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shear, have their own slip planes and changes in the structure. But
this effect has its own peculiarity, namely the degree of forming
surface reactions and iron sulfide chemisorbed films, iron oxide
does not correlate with the degree of antiwear, antifriction and
antiscuffing action. Compounds (iron sulfide, iron oxide) resulting
from concomitant chemical reactions do not have the properties of
low shear strength, ductility, good fission and low melting points,
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which are considered important for low wear and friction properties
under boundary conditions. This factor can affect the properties of
the formed films and have a temporary effect. Figure 1 shows by
adding sulfoadditives to the material, the wear decreased and
amounted to 30 microns. Thus, the additives reduce wear on the
friction pair. The wear rate decreased by 76% when adding a sulfo-
containing agent.

94 1884 2826 3768 471 5652 6594 75306 8478 942

L
ra

Friction path, m

Figure 1. Test results:
1- Puma; 2 — Puma + sulfo compound

Based on the data obtained, it can be said that additives
based on sulfo compounds have the most stable indicators of wear
which is associated with the high activity of sulfur and stable com-
pound formation on the friction pair surface. Also of interest is the
behavior of a lubricant with additives under the action of magnetic
amplifiers on a railway track or rolling stock.

Conclusion

The analysis and experiment have shown that the most ef-
fective will be additives consisting of organic and inorganic fillers.
An inorganic agent based on sulfur compounds was used in the
work. They show high chemisorption on rubbing surfaces, resulting
in the formation of protective films that reduce friction. When using
a mixed type additive - an organic agent and a non-organic agent - it
can be assumed that the friction coefficient will noticeably improve.
Based on this study, many factors must be considered to create a
lubricant additive.

The most promising direction in the development of anti-
degradation additives is the mixed method, which uses an organic
agent and an inorganic one (sulfonyl additives). The most readily
available organic filler is esters of polybasic acids. Sulfur and phos-
phorus are also widely available materials.
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