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Abstract: The study of the structure and physicomechanical characteristics of carbon nanostructures, lubricants and cooling liquids was 

carried out by methods of scanning electron microscopy, atomic force microscopy, IR spectroscopy, physicomechanical and physicochemical 

analysis. Tribotechnical tests were carried out on a friction machine operating according to the "sphere - plane" scheme.The possibility of 
modifying various liquid media with nanosized carbon particles of various composition, structure, production technology, including those 

obtained by the method of self-propagating high-temperature synthesis, has been studied. The studies carried out made it possible to 
establish general trends in the implementation of the synergistic effect in liquid matrices differing in structure, polarity of macromolecules, 

and molecular weight. 
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1. Introduction. 

According to the results of work [1-3], the introduction of 

nanomaterials into base lubricants used to reduce the friction 

coefficient and reduce wear in magnetic disks leads to a significant 
increase in the operating characteristics of magnetic disks. 

A liquid medium such as oil or water is used as a heat 
transfer medium. To change their characteristics, it is necessary to 

determine and select the effective amount of carbon nanomaterials, 
which makes it possible to increase the thermal conductivity of the 

liquid [4-7]. One of the preferred carbon nanomaterials is graphite 
with a high thermal conductivity exceeding the thermal conductivity 

of a pure liquid dispersed therein, ground or naturally obtained with 

an average particle size of less than 500 nm, and more preferably 
less than 200 nm, and most preferably less than 100 nm. Graphite is 

dispersed in a liquid by one or more methods, including sonication, 
milling, and chemical dispersion.  

Carbon nanotubes with a graphite structure are one of the 
most promising modifiers of the carbon class of nanomaterials, 

although the applicability of other carbon nanomaterials is quite 
substantiated. To ensure the long-term stability of the resulting 

solutions, one or more chemical dispersants must be used. It was 

found that the increase in the thermal conductivity of the modified 
liquid in comparison with the liquid without carbon nanomaterial is 

proportional to the amount of added carbon nanomaterials (carbon 
nanotubes or graphite) [5-9]. 

Thus, based on this review, it can be seen that the 
direction associated with the study of the structural features of 

nanofluids modified with nanosized carbon particles obtained by the 

technology of self-propagating high-temperature synthesis have 
sufficient patent purity. 

This work is devoted to the study of various types of 
multifunctional additives on the structural features of modified 

liquids of various natures, viscosity, tribotechnical characteristics of 
petroleum oils and their stability at different temperatures. 

 

2. Materials and Procedures 
In the development of new nanodispersed modifiers, as 

well as for their comparison with the previously known antifriction 

fillers, the following materials were used in the research process. To 

modify the base lubricating bases, nanomodifiers obtained by 
various synthesis technologies were used: carbon particles obtained 

by the technology of self-propagating high-temperature synthesis, 
multilayer graphenes, nanodispersed carbon particles obtained by 

detonation synthesis. Nanodispersed clusters of synthetic carbon 
substances were obtained by explosive technology, SHS synthesis 

(DND, nanotubes). The dispersion of the clusters is 20 - 30 nm, the 
specific surface area is 350 m2 / g. The content of mixtures of 

nanodispersed clusters of synthetic carbon in liquids was 0.001% 

wt. - 10% wt. 
Tribotechnical studies were carried out on a friction 

machine of the FT-2 type, which operates according to the 
reciprocating motion scheme, the stroke length of the indenter is 

from 5 to 50 mm, made of steel and ground on a flat flat surface 
with emery cloth or grinding paste to the arithmetic mean deviation 

of the surface profile Ra = 0.1 - 0.3 microns. The samples were 

fixed in the clamp of the friction machine, the working sphere and 

the working surface of the steel disk (counterbody) were wiped with 
a cloth “coarse calico”, bleached, moistened with ethyl alcohol, and  

then dried for two minutes at room temperature. The tests were 
carried out at normal load on the sample up to 20 N, linear sliding 

speed 0.036 m / s, steel surface temperature (20 ± 5) ºС. 
Investigations of structural changes in additives and nanoscale 

lubricants were carried out using infrared spectroscopy by 

transmission and ATR methods. IR spectra of starting components, 
additives, lubricants, model compositions, as well as samples taken 

after frictional action on a Tensor-27 spectrophotometer .. 
 The assessment of the state of the friction surface, the 

topography of the separating layer, the morphology of particles, the 
structure of additives and fillers were studied using a Mira / Tescan 

scanning electron microscope (Czech Republic) and an atomic force 
microscope (AFM) using an NT-206 setup. Images were visualized 

using original packages in the Windows operating system.  

The rheological characteristics of the samples were 
determined by the Engler method. By this method, the viscosity is 

determined by the time the test liquid flows out of a viscometer type 
VZ-4 liquid with a volume of 200 ml at a certain temperature when 

compared with the time the amount of distilled water flows out of a 
viscometer of the same type at 20 ºС (constant of the viscometer). 

 

3. Results and discussion. 
The additives and lubricants used in mechanical 

engineering are conventionally classified into five main groups: 

metal-cladding, polymer, chemically and surface-active, solid 

lubricating components, complex additives and fillers. This 
classification does not take into account the peculiarities of some 

types of additives and modifiers, for example, the size factor, 
however, it is generally accepted and used in tribotechnics. 

In recent decades, a new direction in tribotechnics has 
been intensively developing, based on the use of modifiers of 

nanometer dispersion to create tribosystem components. 
The introduction of various additives into the oil base in 

strictly metered and balanced concentrations can significantly 

change the properties of the original oil. The additives used for oil 
doping can be classified as follows: antioxidant, anti-corrosion, 

detergent, antifoam, viscous, depressant, anti-emulsifier, adhesion, 
multifunctional additives. Of the greatest interest among these 

additives are multifunctional additives, since any oil should contain 
as few additives as possible. This is due to the fact that the 

complexity of the formulation makes it difficult to obtain balanced 

properties of the oil, increases the requirements for its operating 
conditions and can cause undesirable side effects in the form of 

corrosion and precipitation. As a result of the introduction of 
multifunctional additives, the tribotechnical characteristics, 

stability, corrosive and viscous properties are increased [5-8]. 
In the course of the studies, the morphology of carbon 

nanoparticles obtained by the method of self-propagating high-
temperature synthesis was studied. Based on the data obtained, it 

can be seen that carbon particles obtained by different technologies 

have different morphologies. 
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According to SEM data at low resolutions, for 
nanodispersed diamond-containing graphite particles obtained by 

the technology of the Electrokhimpribor Combine, the formation of 
compact agglomerates with fractal dimensions is characteristic. An 

increase in scanning resolution shows the presence of cluster 
structures consisting on average of three to five globules with a 

lateral size of 20 to 50 nm. 

The morphology of graphene grade "GPS" is 
characterized by the type of "crumpled paper", in some cases the 

presence of separate fairly even carbon sheets from 1 to 10 layers is 
observed. 

The morphology of carbon particles obtained by the 
method of self-propagating high-temperature synthesis from a 

charge of the following composition: starch 50% wt. / Nitrate 50% 
wt. characterized by a globular porous structure. With an increase in 

the scanning resolution, the presence of nanotubes is observed in 

the structure of the globule. 
The morphology of carbon particles obtained by the 

method of self-propagating high-temperature synthesis from a 
charge of the following composition: cellulose 50% wt. / 

Ammonium nitrate 50% wt. is a cluster structure with a developed 
surface. 

When the resolution is increased by decreasing the 

scanning area in the structure of this material, the formation of 
globular agglomerates with a lateral size of 500 × 500 nm is 

observed. 
Multilayer carbon nanotubes are large globular structures, 

based on the morphology of which the formed structures of 
multilayer nanotubes are not visible. When the resolution of the 

SEM survey is increased, these tubular structures are visualized. 
The morphology of highly dispersed graphite particles is in the form 

of "corrugated sheets". 

The study of structural changes in nanofluids was carried 
out using the methods of IR spectroscopy. Studies of the structural 

features of colloidal solutions based on water, ethylene glycol, 
industrial oil containing nanosized carbon particles, including those 

obtained by explosive technology and their mixtures, showed that 
noticeable changes in the spectra of the studied colloidal solutions 

begin to be observed at a modifier concentration of more than 5 

wt%. - 10% wt. depending on the type of the modified liquid and 
the introduced modifier. 

Based on the data obtained, it was found that when the 
initial liquids are modified with the studied nanodispersed carbon 

particles, there is no chemical interaction between the modifier and 
the liquid matrix. 

At given concentrations of modifiers, carbon particles 
most likely interact with each other to form an extended labile 

network structure, which should lead to a significant change in the 

viscosity characteristics of the modified liquids. 
Studies of the viscosity characteristics of various types of fluids 

showed a decrease in the viscosity of the modified fluids in the 
range from 0.01% wt. up to 1% wt. An increase in the concentration 

of the modifier above 1% wt. leads to an increase in the values of 
the viscosity of the investigated liquids measured in Engler degrees. 

The main type of defects leading to the release of parts 
and products in mechanical engineering are mechanical failures 

during operation associated with friction and wear. The use of 

lubricants is a highly effective way to improve energy efficiency 
and reduce wear rates. In engineering applications, lubricants have a 

significant effect on the mechanical durability of a tribosystem, 
while allowing one to regulate the pressure in the contact of rubbing 

bodies, perform the functions of cooling systems, increase the 
stability of the tribosystem, and minimize the value of the friction 

force and wear between the contacting bodies. 

The use of solid carbon nanoparticles as additives to 
lubricants can significantly increase the wear resistance of rubbing 

bodies and significantly reduce the coefficient of friction. This 
effect can be explained on the basis of the formation of a stable 

separating layer capable of withstanding large contact loads without 
destruction and allowing filling microroughnesses of rubbing 

bodies, which leads to stabilization of the friction process. 

In recent years, a lot of research has been devoted to the 
study of the antifriction properties of various solid modifiers such as 

MoS2, WS2, graphene and fullerene, nanodispersed diamonds of 
detonation synthesis, various types of functionalized nanodispersed 

particles (clays, diamonds, metals, metal oxides and ceramics). In 
particular, a large number of works are devoted to particles of 

molybdenum disulfide used as an additive to various types of 

lubricants (plastic, liquid, etc.). In particular, we studied MoS2 
particles with a diameter in the region of 1 μm, and these particles 

had a developed surface. The introduction of these particles into the 
lubricating oil with a concentration of ~ 2% wt. leads to a decrease 

in volumetric wear by 10% - 30%. However, although solid 
modifiers lead to a significant improvement in tribotechnical 

characteristics, the complexity of the manufacturing technology, 
environmental insecurity, and high cost limit the scope of these 

modifiers. 

Moreover, the limited mechanical and chemical stability 
in the lubricating medium of these modifiers can lead to a 

deterioration in the properties of the lubricating composition during 
long-term operation. For example, inorganic modifiers such as 

MoS2 or WS2 are destroyed by friction in the boundary lubrication 
mode. In addition, some additives containing sulfur can create 

acidic compounds in the lubricating medium during friction, 

accelerating the corrosion of the contacting bodies. 
Thus, the development of optimal compositions of additives for 

lubricants to improve tribotechnical characteristics is extremely 
necessary, especially under extreme friction conditions. Carbon 

particles obtained by SHS synthesis from natural raw materials are 
of interest as additives to lubricants of various natures due to their 

unique properties, such as technological ease of production, high 
dispersion, and chemical stability. These characteristics of carbon 

particles obtained by SHS synthesis make them a very promising 

modifier for the production of environmentally friendly lubricants 
and can replace additives containing sulfur and phosphorus. 

Conducted preliminary studies to study the tribotechnical 
characteristics of the PA6-52100 friction pair, tested in a lubricating 

medium of the composition "Oil I-20A, containing up to 10% wt. 
carbon particles obtained by SHS-synthesis ”showed a decrease in 

the coefficient of friction for a given pair of friction. The tests were 

carried out on an FT-2 friction machine at a load of 30 N and a 
friction speed of 0.1 m / s. 

Based on the data obtained, it can be seen that the 
introduction of a lubricating medium into the friction zone leads to 

a decrease in the values of the friction coefficient by 30% - 40%. 
However, the introduction of carbon-containing particles of various 

production nature into the lubricant composition leads to a slight 
increase in the friction coefficient, which is possibly due to the 

presence of a solid diamond core for ultradispersed diamond-

containing graphite, as well as the presence of solid allotropic 
modifications of carbon for nanodispersed carbon particles obtained 

by SHS synthesis. 
Another aspect that affects a slight increase in the 

coefficient of friction for petroleum lubricants is a sufficiently high 
concentration of the modifier in the composition (10% wt.), Which 

leads to thickening of the lubricant, i.e. increasing the viscosity of 
the modified liquid material. Experiments carried out to study the 

tribotechnical characteristics of lubricants at a modifier 

concentration in the range of 0.1% wt. - 5% wt. showed a decrease 
in the values of the coefficient of friction of the pair "metal - 

polymer". It should be noted that for all compositions based on I-
20A oil modified with nanodispersed carbon particles, including 

those obtained by the method of self-propagating high-temperature 
synthesis, a decrease in the wear rate by 14% –32% is observed. 

The studies carried out to study the morphology of the 

surface layers of polyamide 6 after tribotechnical tests showed the 
possibility of forming a specific relief. 

With friction without lubricant, a surface with a developed 
morphology and rather high roughness values is formed. The 

introduction of a lubricant into the friction zone leads to the 
smoothing of the surface layers. 
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The presence of globular carbon structures is possible on 
the surface. The use of lubricants with a low concentration of 

carbon nanoparticles makes it possible to obtain a more significant 
effect of smoothing out the surface layers of the polymer during 

friction, which can lead to a decrease in the values of the friction 
coefficient for the investigated friction pair 52100-polyamide 6. The 

studies on the study of lubricants after tribotechnical tests were not 

carried out. showed a significant presence of wear products of a pair 
52100-polyamide 6 in nanoscale lubricants. 

 

4. Conclusions 
Studies of the structural features of colloidal solutions 

based on water, ethylene glycol, and industrial oil containing 

mixtures of nanosized particles have shown that noticeable changes 
in the spectra of the studied colloidal solutions begin to be observed 

at a modifier concentration of more than 3 wt%. - 5% wt. At given 
concentrations of modifiers, carbon particles most likely interact 

with each other to form an extended labile network structure, which 

should lead to a significant change in the viscosity characteristics of 
the modified liquids. It is shown that the introduction of 

nanodispersed carbon particles leads to a change in the viscosity 
characteristics of the liquids under study. Depending on the type of 

modifier, concentration, it can lead to both a thixotropic effect in 
the test fluid and an increase in viscosity values. Based on the data 

obtained, it can be seen that the introduction of a lubricating 
medium into the friction zone leads to a decrease in the values  of 

the friction coefficient by 30% - 40%. However, the introduction of 

carbon-containing particles of various production nature into the 
lubricant composition leads to a certain increase in the friction 

coefficient, which is possibly due to the presence of a solid diamond 
core for ultradispersed diamond-containing graphite, as well as the 

presence of solid allotropic modifications of carbon for 
nanodispersed carbon particles obtained by SHS synthesis. The 

study was carried out with the financial support of the Russian 
Foundation for Basic Research and the BRFFR within the 

framework of research projects № 20-51-00001 and № T20P-352. 
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