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AHHoOTauus. B mpeacTaBieHHON cTaThe PacCMOTPEHBI BOMPOCH! MOBBIIICHUS TPUOO-
TEXHUYECKHUX XaPaKTEPUCTUK CMA30YHBIX KUIKUX Cpea. DTU KUAKOCTH ObUIH MOAUDUIIUPO-
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BaHbI THOPUIHBIMU YTJIEPOJHBIMU MaTEpUaANaMHU, MPEICTABISIONMMU co00l cMech rpaduTa,
rpadeHa M yrIIepOIHBIX HAHOTPYOOK. YTJIEpOIHbIE CMECH HAaHOYACTHIl OBLTH MOJTYYEHBI Me-
TOJIOM CaMOPACIIPOCTPAHSIOMIETOCS BBICOKOTEMIIEPATYPHOTO CHHTE3a. YCTAHOBIIEHO, YTO
BBE/ICHHE CMeceil HaHOYTJIEPOIHBIX YAaCTHIl B )KUAKYIO CMa30YHYIO CpEly CYIIECTBEHHO H3-
MEHSICT TPUOOJIIOTUYCCKHIE U BI3KOCTHBIC XapaKTEPUCTUKH.

KaioueBsbie ci10Ba: u3HOC, TpeHHE, MOPQOIOTHS, MOAU(DUKAIHS, BA3KOCTb, KHIKOCTB,
HAHOYTJIEPOJ.

Abstract. In the presented article, the issues of improving the tribotechnical character-
istics of lubricating liquid media are considered. These liquids were modified with hybrid
carbon materials, which are a mixture of graphite, graphene, and carbon nanotubes. Carbon
mixtures of nanoparticles were obtained by the method of self-propagating high-tempe-
rature synthesis. It has been established that the introduction of mixtures of nanocarbon par-
ticles into a liquid lubricating medium significantly changes the tribological and viscosity
characteristics.

Key words: wear, friction, morphology, modification, viscosity, liquid, nanocarbon.

Introduction. The main type of defects that lead to the output 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 increase energy efficiency and
reduce wear power. In engineering applications, lubricants have a significant impact on the
mechanical action of tribosystems, while allowing you to adjust the pressure in the contact
rubbing bodies, maintain the cooling functions of the systems, increase the stability of the
triboassembly and minimize the values of indicators and wear between the contacting
bodies [1]. The use of significant carbon nanoparticles as lubricant additives can increase
the wear resistance of rubbing bodies and significantly reduce the coefficient. This effect
can be increased due to the formation of a separate layer capable of withstanding high con-
tact loads without irritation and expectation to detect microroughness of cracking bodies,
which leads to the identification of the development process. In recent years, many studies
have highlighted in the UK the anti-friction properties of individual modifiers, such as:
MoS2, WS2, graphene and fullerene, nanosized detonation synthesis diamonds correspond-
ing to the type of functionalized nanosized particles (clays, diamonds, metals, metal oxides
and ceramics). In particular, a large number of works are devoted to molybdenum disulfide
particles used as additives to lubricants (plastic, liquid, etc.). In particular, MoS2 particles
with a diameter circulating in the region of 1 pum were studied, in which particles of devel-
oped tissue were found. The introduction of data into lubricating oil with a concentration
of ~ 2 wt. % to the index of volumetric wear by 10-30 %. However, although solid modifi-
ers 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 [2—4]. Moreover, the limited mechanical and chemical stability in the lubricating
environment of these modifiers can lead to deterioration of the properties of the lubricant
composition during long-term operation.

For example, inorganic modifiers such as MoS2 or WS2 are destroyed by friction in the
boundary lubrication regime. In addition, some additives containing sulfur can create acidic
compounds in the lubricating medium during friction, which accelerate the corrosion of the
contacting bodies.

Thus, the development of optimal compositions of lubricant additives to improve tribo-
technical characteristics is essential, especially under extreme friction conditions. Carbon par-
ticles obtained by SHS synthesis from natural raw materials are of interest as additives in lub-
ricants of various nature due to their unique properties, such as technological ease of produc-
tion, high dispersion, and chemical stability. These characteristics of carbon particles obtained
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by SHS synthesis make them a very promising modifier for obtaining environmentally friend-
ly lubricants and can replace additives containing sulfur and phosphorus [5-6].

The purpose of this work is to study the viscosity and physico-mechanical characteris-
tics of liquids modified with nanodispersed carbon particles and their compositions.

Experimental. Tribological studies were carried out on an FT-2 type friction machine,
which operates according to the reciprocating motion scheme, the indenter stroke length is
5-50 mm in dry friction conditions (counterbody), made of steel and polished on a flat flat
surface with emery cloth or grinding paste to arithmetic mean deviation of the surface profile
Ra=0.1-0.3 um.

The samples were fixed in the clamp of the friction machine, the working sphere and
the working surface of the polymer disk (counterbody) were rubbed with a bleached calico
cloth soaked in ethyl alcohol, after which they were dried for two minutes at room tempe-
rature. The tests were carried out at a normal load on the sample up to 20 N, a linear sliding
velocity of 0.036 m/s, and a surface temperature of the polymer sample (20+5 °C). The
nanolubricant was supplied to the friction zone in such a way as to provide a mixed lubrica-
tion regime.

The rheological characteristics of the samples were determined by the Engler method.
Using this method, the viscosity is determined by the time of flow of the test liquid from a VZ-4
viscometer of a liquid with a volume of 200 ml at a certain temperature when compared with
the time of flow of distilled water from a viscometer of the same type at 20 °C (viscometer
constant). During the measurements, it is ensured that the test liquid flows out in a continuous
stream.

Viscosity in Engler units at temperature T is determined by the formula:

E =—, (1)

where J; — time (in seconds) of the expiration of 200 ml of the test liquid sample at a tempera-
ture T; J; — time (in seconds) for 200 ml of control liquid to flow out at a temperature 7.

Results and discussion. The preliminary studies on the study of the tribotechnical char-
acteristics of the friction pair PA 6-52100, tested in a lubricating medium of the composition
oil SN 150, containing up to 10 wt. % of carbon particles obtained by SHS synthesis, showed
a decrease in the friction coefficient for this friction pair (fig. 1). The tests were carried out on
an FT-2 friction machine according to the method described above.

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 3040 %.
However, the introduction of carbon-containing particles of various 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 ultrafine diamond-containing graphite, as well as
the presence of solid allotropic modifications of carbon for nanodispersed carbon particles
obtained by SHS the concentration of the modifier in the composition (10 wt. %), which leads
to thickening of the lubricant, i. e. an increase in the viscosity of the modified liquid material.
The experiments carried out to study the tribotechnical characteristics of lubricants at a
modifier concentration in the range of 0.1-5 wt. % showed a decrease in the values of the
friction coefficient of a metal-polymer pair. It should be noted that for all compositions based
on [-20A oil modified with nanodispersed carbon particles, including those obtained by
the method of self-propagating high-temperature synthesis, a decrease in wear intensity by
14-32 is observed.
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Fig. 1. Dependence of the friction coefficient on the time of tribotechnical tests for a pair of
52100-polyamide 6 steel during friction with lubrication: a — initial friction pair tested without

external lubricant supply; b — friction pair tested with SN 150 external lubricant supply; ¢ — friction

pair tested with external lubricant SN 150 and modified with 10 wt. % ultrafine diamond-containing

graphite; d — friction pair tested with external lubricant SN 150 and modified with 10 wt. % carbon-

containing particles synthesized by self-propagating high-temperature synthesis. a — original friction

pair tested without external lubricant supply; b — friction pair tested with SN 150 external lubricant

supply; ¢ — friction pair tested with SN 150 external lubricant supply and modified with 10 wt. %
ultrafine diamond-bearing graphite; d — a friction pair tested with an SN 150 external lubricant supply
and modified with 10 wt. % carbon-containing particles synthesized by the method of self-propagating
high-temperature synthesis

Another aspect affecting a slight increase in the coefficient of friction for petroleum lub-
ricants is a sufficiently high concentration of the modifier in the composition (10 wt. %),
which leads to thickening of the lubricant, i. e. an increase in the viscosity of the modified
liquid material. The experiments carried out to study the tribotechnical characteristics of lub-
ricants at a modifier concentration in the range of 0.1-5 wt.% showed a decrease in the values
of the friction coefficient of a metal-polymer pair. It should be noted that for all compositions
based on SN 150 oil modified with nanodispersed carbon particles, including those obtained
by the method of self-propagating high-temperature synthesis, a decrease in wear intensity by
14-32 % is observed. Studies of the viscosity characteristics of various types of liquids have
shown a decrease in the viscosity of modified liquids in the range from 0.01 wt. % to 1 wt. %.
An increase in the concentration of the modifier above 1 wt. % leads to an increase in the vis-
cosity of the studied liquids measured in Engler degrees (fig. 2-3).

The presence of nanodispersed particles in the studied carbon modifiers was determined
using the method of scanning electron microscopy (fig. 4). Based on the presented data, it can
be seen that the studied particles have high values of specific surface, differ from each other
in morphology. The conducted studies on the effect of modifiers on the intermolecular inter-
action with the modified liquid showed the absence of interaction with the formation of new
chemical compounds when additives are introduced into the original lubricant.
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Fig. 4. Morphology of nanodispersed carbon particles obtained by various technologies:
a — ultrafine diamond-containing graphite; b — graphene-like structures; ¢ — carbon particles obtained
by SHS synthesis from starch; d — carbon particles obtained by SHS synthesis from cellulose;
e — multilayer carbon nanotubes; f— highly dispers

Conclusions. Thus, based on the data obtained, it can be seen that the introduction of
nanodispersed carbon particles into the lubricant matrix SN 150 oil, distilled water, ethylene
glycol) at low modifier concentrations up to 1 wt. % leads to a decrease in viscosity values.
Increasing the concentration of the modifier above 1 wt. % increases the viscosity characteris-
tics of the studied liquid media. The introduction of modifiers into lubricants does not lead to
chemical interaction with the modified material. Nanodispersed carbon particles have a de-
veloped morphology and high specific surface area, which affects the tribotechnical character-
istics of the studied lubricating media. The introduction of the studied nanodispersed particles
into the matrix of the lubricant leads to a slight increase in the friction coefficient at concen-
trations above 10 wt. % in relation to the values of the friction coefficient for the base lubri-
cant. When the content of the modifier in the range from 0.1 to 5 wt. % values of the coeffi-
cient of friction are reduced by 14-32 % in relation to the values of the coefficient of friction
of the base lubricant.
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AHHOTanus. B cBs3M ¢ ynaydlmieHMEeM M pOCTOM TEXHOJIOTMM, HA JAHHBIX MOMEHT HC-
IBITHIBAETCS] HEXBATKA CHELMAIMCTOB B 00JACTH MH)KEHEPUH, 3 UMEHHO «CTaHKOCTPOCHUE.
Mpbl co3aeM HMHXEHEPHBIE KJacChl, B KOTOPHIX OyAyT M3ydaTbCsi OCHOBHBIE TEXHUYECKHE
HayKHM, a Takxke OyayT peaJn30BaHbl JOMOJHHUTEIbHbIE 00pa3oBaTeNbHbIE MPOrpaMMbl. Tem
caMbIM Mbl (OPMHUPYEM TEXHUYECKOE MBIIUIEHHE Y OOY4arolMXCcs U MOATrOTaBIMBAEM CTY-
neHToB Juig noctyruienus B [lepenoByto Mmkenepnyto lkomy (ITHLL).

KawueBble ci0Ba: MHXEHEPHBIA KilacC, (OPMHPOBAHUE TEXHUYECKOTO MBIIUICHHUS,
MH)XCHEPHO-TEXHUYECKAs JESATEIBHOCTD.

BBenenne. MlHxeHepHbie KIacchl — 3TO HOBas MOJENb 00pa30BaHHUs MO MporpamMmam
OCHOBHBIX TEXHHUYECKUX MPEAMETOB JOMOJTHUTEIBHBIX 00pa30BaTEIbHBIX MPOTPaMM. 3aHATHS
B MHXXEHEPHBIX KJIaccax MO3BOJSIOT chOpMHpPOBATH M YCOBEPIIEHCTBOBATH CaMOCTOSITEINb-
HOCTb, MOTUBHPOBATh K HMCCJIEAOBATEIBCKON M IMPOEKTHOW AeATeNIbHOCTH. [IpenmyiiecTBo
WH)XEHEPHOTO KJlacca — MpakTUdecKasi MpoQuiibHas MOAroToBKa ¢ 1 Kypca oOy4deHHs myTeM
MPOXOXKACHHUS MPOQPIIBHBIX 3JIEKTUBHBIX KypcoB (3D-monenupoBanue, poOOTOTEXHHUKA),
a Takke yriayOJjeHHas MOATrOTOBKA Mo 0a30BBIM AuMCIHUIUTMHAM ((du3uKka, nHpopMaTruka, mMa-
TeMaThKa). BHenpeHue yueOHON esATEIbHOCTH B MHXKCHEPHBIX KJIaccaX MoMoraer 6oiee Ka-
YECTBEHHO MOJrOTaBIMBATh CTYJEHTOB IO TEXHUYECKOMY MPOQUII0, CIOCOOCTBOBATH pa3-
BUTHUIO M CaMOpealIn3alii 00Yy4YaIoINXCs ¢ MHTEPECOM M CIOCOOHOCTSIMU K MHKEHEPHOMY
TBOpuecTBy. [lemarorn paspabaThiBaloT 00pa30BaTEIBHYIO TPACKTOPHUIO I OOYUYaOIIUXCS

69



