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The article deals with tribochemical influence of the surface activity of biosynthetic oils on the operational
efficiency and reliability of lubricated friction nodes under the critical conditions. It is proved that the oil surface
activity is caused by the structure and properties of their molecules and interactions with steel surfaces.
Evaluating criteria of oil tribochemical activity influence on the steel surface modification has been studied. The
significant influence of biooils on the steel surface nanolayer phase transformations, friction and steel wearing is
claimed. It has been established that the effect of the steel crystal structure deformation and strengthening its
surface depends on activity of composition of lubricant. It is proved that biooils lead to improved friction and
wear indicators of lubricated samples. X-structural analysis of the steel surfaces showed that during friction the
austenite is destroyed and ferrite is formed. Penetration in the lubricated steel nanolayers shows increasing the
ferrite and decreasing the austenite content, that cases reducing the deformation degree of metal crystals, which
leads to the strengthening of its surface under the plasticized layer and to decreasing the level of friction and wear
due to the formed intersurface servitotribopolymer film, which is stable under critical friction.
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Introduction

Friction nodes as important parts of all equipments
and a set of interrelated functional factors, including their
design, type of materials, lubricants and mode of
operation are called tribosystems. Among the whole set
of factors that determine the efficiency of tribosystems, a
special place is occupied by the factor of tribological
quality of such elements of these systems as lubricants,
in particular base oils and lubricating compositions based
on them (b.ol-l.comp.). When the tribological quality of
b.ol.—l.comp is talking about, it usually means such their
integrated property as surface activity of friction pairs.
Moreover, it is important to take into account the level of
such activity, which is estimated by physicochemical
properties. Therefore, as the practice of friction node
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operation shows, base oils are one of the important
factors in controlling the process of formation of friction-
resistant lubricating films, which reduce the intensity of
friction and wear. Constantly growing importance of
tribological quality b.ol-l.comp. over the past 25 - 30
years, caused forming a new promising and relevant
branch of tribological science — tribochemistry.

In the context of development of theoretical and
applied aspects of tribochemistry of lubricants, it is
important to investigate the influence of structure and
properties of new biosynthetic materials obtained from
technical oils on tribotechnical quality of nanofilms
formed between lubricated metal surfaces of friction
nodes [1-4].
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I. Problem analysis

The first scientific studies of the influence of
physicochemical processes that take place in friction
nodes greased with lubricants and their properties, the
establishment of optimal conditions for their efficient and
reliable operation date back to the 60 -80s of last
century. The results of contemporary studies of
processes, which make bases of a new and important
branch of tribological science - tribochemistry, are
considered in the scientific monograph "System analysis
in tribonics" (H. Chihos, Translated from English -
Moscow: Mir, 1982. - 352 p.) Further intensive
development of scientific and technological principles of
tribochemistry as an important component of tribological
science, as well as analysis of the achievements of its
applied part — tribotechnics, are presented in two
monographs [5, 6].

Stages of tribology development in the context of
systematic analysis of physicochemical processes
occurring in the friction nodes under the critical
conditions are considered in [5]. The paper of the authors
[6] is devoted to the achievements in solving scientific
and technical problems of tribology of lubricants,
primarily base oils, additives, and in particular in the
formation of the foundations of their tribochemistry.
Scientific and technical monograph of Ukrainian
scientists is devoted to the analysis of the current state
and prospects of the lubricant industry development of
traditional samples and biosynthetic, as well as
tribochemical aspects of their use [1]. Tribotechnical
features of operation of friction nodes lubricated with
both traditional and biosynthetic lubricants are
considered.

The whole complex of scientific and technical
problems of modern tribology and tribotechnics is set out
in a fundamental paper called "Tribologi-Handbuch" [7].
The paper is based on a systematic analysis of energy
issues and mechanisms of diverse phenomena and
processes that occur in lubricated tribosystems, as well as
optimization of the conditions of their effective
operating, taking into account the factor of tribomaterials
and methods of tribometry.

Innovative trends in modern tribology are reflected
in a monograph on such important and interrelated parts
of tribology as tribocatalysis, tribochemistry and
tribocorrosion [8]. The mechanism of the corresponding
triboprocesses in the lubricated friction nodes operating
under the critical conditions is considered in the context
of the phenomenon of electron triboemission from the
activated surfaces of friction pairs. “Triboelectrons”
cause plastic deformation of surface nanolayers and
promote the formation of energy-resistant lubricating
films, and thus ensure efficient, reliable operation of
friction nodes. For the first time, due attention is paid to
the tribocatalysis, which has a decisive influence on the
energy of chemisorption processes and tribochemical
reactions in friction nodes, reducing their activation
energy [9].

Of particular importance is the coverage of the
results of the study of the influence of surface activity
(SA) of lubricants, in particular the values of dipole
moments of base oil molecules, their polarity and
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polarizability on the processes of their hemisorption and
tribochemical reactions [10]. It is shown that the level of
polarity and ability to polarize base oils significantly
affects a number of surface phenomena in nanolayers of
friction metals, primarily the density of dislocations and
plastic deformation of surfaces, as well as their
deformation hardening and as a consequence on energy
and material friction criteria. [9, 11, 12].

Due attention is also paid to highlighting the
shortcomings of methods for studying the surfaces of
materials in general, and the surfaces of functioning
friction nodes in particular, taking into account the
mechanisms of friction and wear. Analysis of the essence
of methods and features of their use are considered in the
context of dynamics and mechanisms of physicochemical
processes occuring on the surface nanolayers of
lubricated friction nodes, and the efficiency of their work
[1, 7, 13]. Thus, the surface activity of oils is the
initiating factor of a complex of tribochemical and
tribocatalytic processes that take place between the
elements of the lubricating nodes of friction and,
therefore, significantly affect the efficiency of their work
[8, 9,11, 12].

Il. Experimental

Studying the processes and phenomena that occur in
lubricated with oils (lubricants in general) friction joints,
the main attention was paid to the critical mode of their
operation, taking into account its functional
characteristics, namely: a) high energy intensity of the
surface layers of friction bodies in their contact area; b)
the graphical dependence of the friction coefficient (f)
and the thickness of the supl)erficial oil film (h) on the

complex parameter "n-v- Fye (where 1 - viscosity, v -

speed, Fn - normal load), known as " Stribeck curve ”; ¢)
conditional parameter “A” according to the formula A =

h/R (where R is the root mean square value of surface
roughness), and under critical friction A <0.4 [3, 4, 5].

Chemical processing of technical oils has been
proposed to create alternative base oils with high SA that
would meet the optimal requirements of “price - high
quality - environmental safety”. Taking into account
these requirements, methods and technologies for
obtaining a new type of biosynthetic oils, in particular
bio-oils, bio-additives, technical bioliquids, bio-
components of plastic oils using oils of industry basic
products [2, 3]. The specific chemical structure of
molecules of such biosynthetic products (primarily basic
biooils), high content in their structure of unsaturated
chemical bonds and highly polar functional groups cause
high levels of SA and favorable physicochemical activity
in tribochemical processes of their lubricated friction
nodes. Of particular practical importance was the
comparison of the influence of base oils of different
surface activity, namely: mineral and biooils on
tribochemical interactions in the lubricated interfacial
layers of friction nodes, which decrease the processes of
friction and wear and, as a result, increase efficiency and
reliability [1, 2].

Taking account the tribological quality of basic
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Table 1
Values of dipole moment and polarization ability of the main chemical bonds
Bond u, D a, cm® Bond u, D a, cm®
H-C 0.3 1.7 Cc=C — 4.2
H-O 15 31.9 C-0 0.36 15
C-C — 13 C=0 2.7 3.3
Table 2

Force field parameters of some functional groups

Fuctional groups

Force field parameters

_OH -C(0)-OR(-C=0) -CH=CH-CH(OH)
AG,' / S"10?, ITx/m? 4,15 3,30 1,84
S’, M%/kMOIB 1,50 2,20 0,68

biooils (lubricating compositions based on them) as a
surface activity, it is important to analyze the value of
their quantitative characteristics, namely: a) polarity and
polarization ability (e.g. dielectric constant) of oil
molecules; b) free energy of functional groups. Both
characteristics relatively reflect the peculiarities of the
structure of oil molecules, and hence the energy level of
their force fields. On the one hand, there is an effect on
the surface activity of oils of dipole moment values (u,
D) and the polarization ability (a, cm?®) of the main
chemical bonds according to Table 1.

On the one hand the highest surface activity is found
in those oils whose molecules contain the bonds H-O,
C=Cand C =0 (Tab. 1). On the other hand, the surface
activity of oils is affecyed by the free energy of highly
polar functional groups, in particular, -OH, -C (O) -OR;
-CH = CH — CH (OH) etc., according to the presented
two characteristics: a) specific free energy of certain
groups AGo' /' S', J/Im?, b) surfaces of certain groups S,
m2/kmol, which energy AGo’, kmol is distributed.

The largest values of force fields and surfaces have
such groups as hydroxyl -OH and ester (carbonyl)
-C(O)-OR (-C=0) (Tab.2) [4, 6, 7].

These estimates of the level of surface activity of
biooils are fully confirmed by the analysis of the
proposed mathematical equations, which functionally
relate the specific friction force, as well as the coefficient
of friction with two types of leading performance
characteristics of oil-lubricated tribosystems:

a) indicators of surface activity of oils, in particular:
dipole moments, polarizability, dielectric constant;

b) energy indicators of plastic deformation of
surfaces and formation of lubricating film, in particular:
specific friction force, surface tension, density of surface
dislocations of metal nanostructures, heat of adsorption,
film  thickness, etc. Analysis of mathematical
dependences showed that the specific friction force
decreases with increasing values of both dislocation
density and activity indicators of oils (i, a, €), as well as
with decreasing film thickness (h) [11].

The tribochemical process energy of lubricated
surfaces of tribosystems is characterized by the value of
activation energy (Ea, kJ/mol) basing on the dependence
of the friction coefficient (f) on temperature (T). The
graph of the dependence is characterized by three
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Fig. 1. Generalized dependence of the friction
coefficient (f) on the temperature (T) in the
tribological contact of the friction unit lubricated
with tribochemically active oil [12].

transient temperature regimes: two regimes are critical
with maximum values of Tc¢1 and Tero, as well as the
temperature of chemical modification - Tem, (Fig. 1). Itis
established that when the value of T is reached the
destruction of the energetically weak adsorption
boundary layer occurs, whereas under the T2 condition
there is a destruction of the energetically stronger
modified layer formed because of hemisorption
influence. When process temperature reaches Tchm.,
friction node effective operation with optimization such
its leading functions as antifriction, anti-wear and anti-
emergency due to the formed interfacial lubricating
nanofilm, which has the structure of a specific quasi-
solid composite with low shear resistance, resistant to
failure under extreme conditions, is provided.
Temperatures Ter1, Ter2and Te.m depend primarily on the
content of functionally high quality biooils (oils in
general) in the lubricating film structure (composite), in
particular on the level of their surface activity (polarity),
as well as on the optimization of the leading operating
parameters of the friction node [1, 12].

In accordance with the objectives of the study, three
lubricating compositions, surface activity of which is
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increasing, were prepared. All the compositions are
plastic lubricants formed on the basic lubricant -
"Tsiatim-201" (GOST 6267-74), which is a mineral oil of
medium viscosity, thickened with lithium stearate
Ci7H3sCOOLI. This ink is intended to lubricate the
friction nodes, which are operated at low loading and
under the temperature within — 60 °C and 90 °C [1, 2].
Compositions 1, 2 and 3 were prepared by adding into
base oil (composition-1) 25% wt. of new biooils
obtained as a result of chemical modification of technical
oils. a) bio-ol-1 oil (from rapeseed oil) is added to the

base oil to obtain composition-2. b) bio-ol-2-gl oil, which
is made from a mixture of rapeseed and castor (20 %)
oils, is added to the base oil to obtain composition-3,
which is characterized by the highest values of p, a and
AG,'/S’, and therefore the largest surface activity (Tab.
3) [2, 3].

Tribological tests of steel samples, lubricated with
the proposed prepared compositions using standardized
friction machines (tribometers) to determine the main
functional properties of the compositions were an
important stage of the study (Tab. 4).

Table 3

Characteristics of lubricating compositions used to lubricate steel-45 surfaces during tribotechnical tests
of samples [2, 3]

Lubricating
compositions . My ; Functional groups and their physical
and their Composition n, Pa-s and chemical activity

triboactivity
Composition 1 | Tsiatim-201 — plastic lubricant based on ~350; Ci17:0H35C(O)O" has medium surface
with low | naphthenic oils which is thickened with 1800 Pa-s activity determining by physical
triboactivity lithium stearate C17H3s-C(0O)-O-Li. (0°C, 10"tsm) | adsorbtion and Wan der Waals forces.
Composition 2 | a) Tsiatim-201 — 75% wt. ~430, -C(0)-0-; [-C(0)-O-CH:],; -CH=CH-
with  medium | b) Rest — “ bio-ol-1” 1500 Pa-s ;
triboactivity [Rura-C(0)-OCH2]2, M = 650, (0°C, 10t sm) | [-CH=CH],-CHz; have  medium

v10010...12 mm2/s,

Rura-C(O) — groups of rapeseed oil
HFA; where R - Ci71Hss-, Ci72Hai-,
Ci7:0Hss-;
-C-CH,-CH2-O- -
dioxyl residue [11].

ethylene glycol

surface activity determining by;
adsorbtion and particly by plastic
deformation effect of complexation.

Composition 3
with high
triboactivity

a) Tsiatim-201 — 75% wit.

b)Rest — “ bio-ol-2 consisting of:
[Rura-(OH)-C(0)-OCHz]2 and Ruea-
(OH)-C(0)-OCH;-

-CH2-OH, Mcep 493, vigo 8 - 10 mm?/s,
where Ruea — rapeseed oil residues;
Rruea (OH) — residues of OH-containing

~410,
~1400 Pa-s
(0°C, 10t sm)

-OH, CH=CH-CH(OH)-,
[-C(0)-0O-CHz]2, -CH=CH-,
[-CH=CH,]-CH>

groups with high surface activity
caused by tribochemical reactions and
expressed plastic deformation effect.

ricinoleic acid Ci7.1Hs1(OH)- [

111].

Notes: M, May. — molecular and average molecular weight, 5, vioo - Viscosity, respectively, dynamic, kinematic at

1000C, HFA - high fatty acids

Table 4

Basic functional operations and characteristics of tribotechnical tests of experimental samples of steels on

tribometers [9]
Friction couple Test Rotation . . . Friction
5333:2;?% of tribometer, | temperature, | frequency Io-?(;?r:(g:)alH Tirr:Z?(!g'?c:fsl tsting
types of steel t°C WL Hz ’ mashine
Measuring of antifriction properties
Mashine CHII-2
ASTM D of SR_V, Plar_1es Coeffic!ent of Optimol;
6425-99 of reciprocating 50 110-300 4MPa friction CMII-2;
motion, (during 2 hours) | SRV;BIIC-1
Steel-45
Measuring of antifriction properties
ASTM D Four balls, 75 1200 147 (15); Diameter of wear Falex;
4172-94 Steel IIIX-15 392 (40) Spots, dws, mm YKM-KIM
Measuring of anti scuffing properties
GOST Step (_105_) Lo_a_d, H: YKM-K;
9490-75 Four balls, magnification a) crlthal Per; YKM-1M;
ASTM D Steel T11X-15 20 1460 from 196 (20) 6) welding Pw; Falex;
2783-88 to 9800 B)IHCKC 3aHUPy Extrem
(1000) Is. Pressure (EP)
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Tribotechnical tests of lubricated with prepared
compositions (Tab. 3) steel 45 (HB 193) samples were
carried using SMTs-2 modified tribometer configured to
implement reciprocating mutual movement of friction
surfaces which were studied using X-ray structural
analysis. The average speed of relative movement of the
samples is 0.4 m/s; contact pressure - 4 MPa, oscillation
frequency —110 min*. The results of tribological tests of
lubricated with prepared compositions Steel 45 and Steel
SHH-15 samples on SMTs-2 modified tribometer are
given in Table 5.

Investigation of the surfaces of Steel 45 both in the
initial state and after testing on a tribometer in order to
estimate the effect of each lubricating composition (1, 2,
3) (Tab. 5) on the structure and properties of steel thin
surface layers was carried basing on the modern method
of X-ray structural analysis, namely the method of a
sliding beam of X-rays (X-) [3, 4]. The thickness of the
studied steel layers is determined by the inclination angle
of the X-rays to the sample surface. This method allows
to analyze the layers deepened from the surface by 10°8...
106 m, which are not available for traditional methods of
X-ray studies. A set of equipment was used for X-ray

structural examinations, namely: URS-1.0 apparatus;
BSV-2 tube; LCD camera. The time of exposure to X-
rays was 6 hours. The angle of inclination of the samples
was chosen equal to 1°; 2°; 4°; 6°; 10°; 20°.

Structural changes in the thin surface layers of steel-
45, which occurred during friction in the lubricating
compositions 1,2 and 3, were evaluated by
determination of the phase composition of the steel
surface at the depths of 0.5... 7 pum. The physical
expansion of interference lines on bar diagramms was
also evaluated, since the width of X-ray lines is
determined by the presence of coherent scattering
(blocks) in the crystals and micro-deformation of the
crystal lattice. It is known that the density of dislocations
at a given surface depth of the metal can be estimated by
the values of the width of the interference lines [7, 9, 11].

X-structural analysis of the steel-45 surface showed
that its structure consists of a- and y-phases. On the
radiograph there is a decrease in the integral intensity of
interference lines as in a-phase and y-phase of the metal
at large Bragg-Wulf angles, both on lines (220) for a-Fe
and on lines (222) for y-Fe (Fig. 2). The drop in the
intensity of the lines indicates a static curvature of the

Table 5

Tribotechnical indicators determined during the tests of steel samples (Steel 45, Steel SHH-15) lubricated
with prepared compositions (tab. 1) on adapted tribometers (ta4)

— . Steel 45 (HB 193) Steel.SHH-15
Lubrlcatlpg compositions fat oo o Pxp, Pas,
and their triboactivity 200 H oC . H H
Composition 1 with low
triboactivity 0,16 60 0,68 620 1470
Composition 2 with
medium triboactivity 0,11 53 0,62 670 1850
Composition 3 with high
triboactivity 0,08 48 0,45 820 2020

Notes: f - coefficient of friction; teont, -

the temperature of the contact zone (measured with a thermocouple at a

distance of 0.7 - 0.8 mm from the friction surface); dus - the diameter of the wear spot of the balls after testing on the

tribometer; Rcr., Rw. - critical and welding load.

J, % " J, %
b
100 (110% Jr=1 um 100 (110)ar =T um
0
801y 80
60 (200yy 211 60 (111 ) (21 1)
40 (2000 320y [ GIY (2227 (330 40 200y (2000
20 | | T2l 20 | | (220)7 Gy (222 (2200
0 I - | 1 0 4 . . | I
m l 50 60  Gmm 20 30 40 50 60 & mm
B-10° rad
35 - ¢
30 (211)
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20
- r 1
15 v
l() T T T T T T T T
0 1 2 3 4 5 6 7 h,pm

Fig. 2. The results of X-structural analysis of the surface of steel 45 before the tests, where J is the intensity of the
reflected radiation; 0 - is the distance of the lines from the reference point; 2a, b - bar diagrams of decoded X-spectra
taken from the friction surface a) at a depth of h=1 um; b) at a depth of h=7 pum. 2c - change of physical width of
interference lines depending on depth of a surface layer of steel.
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J, % J, % b
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Fig. 3. The results of X-structural analysis of the surface of steel 45 after testing with a tribometer (Tab. 3) in the
environment of the lubricating composition-1; 3a, b - bar diagrams of decoded X-spectra taken from the friction
surface a) at a depth of h= 1 um; b) at a depth of h=7 pm; 3¢ - change of physical width of interference lines
depending on depth of a surface layer of steel.

crystal lattice of the solid solution, which is formed as a
result of the penetration of carbon and nitrogen atoms
into the steel lattice. The number of o- and y-phases
varies depending on the depth of the surface layer. At a
depth of = 1 pum, the number of o- and y-phases is
approximately the same. y-Fe phase on metal surface is
rather stable because of presence of small amounts Mn,
Ni and some other metals in steel composition. So they
can cause prevention of austenite decomposition.
Whereas at a depth of = 7 um, the number of a-phases
increases, as evidenced by the changes in the ratio of the
intensities of the interference lines in the diagram shown
in Fig.2a,b. The changes in the physical width of
interference lines (211) indicates that in the surface
layers at a depth of = 0.5 pm there is a maximum
curvature of the crystal lattice as a result of the
penetration of other atoms during casehardening of steel
with nitrogen. In the deeper layers (> 2 um) the physical
width of the interference lines is stabilized (Fig. 2 c).

X-structural analysis of the Steel 45 surface after
friction and wear testing of the samples in the
environment of the base lubricating composition-1 (Tab.
1), which is characterized by low tribochemical activity,
showed some changes in structure, namely: a) there is an
increase in ferrite influence as a result of austenite
decomposition; b) deepening into the surface of the
sample causes the increase in the amount of ferrite, and
decrease the content of austenite (Fig. 3 a, b). There is a
tribo-modification of phase of steel surfaces with the
transformation of the austenitic phase into ferritic.
Moreover, ferrite, as a solid solution of carbon in a-iron,
is characterized by low strength and hardness, but high
ductility and toughness.

Whereas austenite as a solid solution of carbon in y-
iron (exists at a temperature of >1400°C) is
characterized by high rates of solubility of carbon in y-
iron (with a solubility limit ~ 2.01 %) and strength and
hardness, but low ductility . During the steel test in the
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same medium (composition-1), it has been determined
the interference line physical width B (211), which is
slightly larger in the surface layer compared to the same
lines in the initial state of steel. At a depth of = 7 um, the
values of B (211) become lower in comparison with the
initial state of the steel surface (Fig. 3 ). The decrease in
the values of B (211) with deepening into the sample
surface is probably due to the decomposition of the
austenite structure and the release of the a-phase. That
means that under such friction, the crystal lattice of steel
becomes less distorted (less deformed).

The study of the surface structure of steel-45 (in
composition and phase state) during the subsequent test
for friction and wear in the environment of the
lubricating composition-2 (Table 1), which was
characterized by higher tribochemical activity at the level
of hemisorption of polar groups of oils, proved that in
such an environment there is an intensification of the
process of decompaosition of austenite in comparison with
the friction in the inert medium of the composition-1
(Fig. 4 a, b). At a depth of ~ 7 pm, the presence of
mainly a-phase (ferrite) is recorded. At the same time the
physical width of the interference lines decreases
(Fig. 4 c).

The results of X-structural analysis of the surface of
steel samples tested with the tribometer for friction and
wear (Table 3) in the environment of the tribochemically
most active composition-3 (Tab. 1), which activity is due
to surface chemical reactions, convincingly prove the
further growth of the ferrite content in the nano-layer and
in particular with deepening into the surface (Fig. 5 a, b).
This process is most clearly observed at a depth of
~ 7 um. In addition, the analysis revealed a tendency to
reduce the width of the interference lines p (211) in the
subsurface layers (Fig. 5 c).

All that indicates that during test there was an even
more active process of plastic deformation of the steel
surface and the formation of stable lubricating film of the
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Fig. 4. The results of X-structural analysis of the surface of steel 45 after testing with a tribometer (table 3) in the
environment of the lubricating composition-2 (table 1); 4a, b - bar diagrams of decoded X-spectra taken from the
friction surface a) at a depth of h=1 pum; b) at a depth of h=7 um; 4c - change of physical width of interference lines
depending on depth of a surface layer of steel.

J. 0/0 a J, ()/0 b
N} (110 =l pm 100 (110 777 pm
B4 (11 Lyy 80
6l 200y 2l 60 111y 211
40 (200 F"’Ur' l‘\lll’ (222 (220 40 (2007 2005
20 | | 4 JoL 20 I | (220)y (Gl (2227 (22000
u I | | 04 . I . |
40 50 60 6 mm 20 30 40 50 60 6 mm
B-10% rad
35 ) c
i (211
30
25
20
5 Y
15 -
10 T T T T T
0 1 2 3 4 5 6 7 h,pm

Fig. 5. The results of X-structural analysis of the surface of steel 45 after testing with a tribometer (tab. 3) in the
environment of the lubricating composition-3 (tab. 1); 5a, b - bar diagrams of decoded X-spectra taken from the
friction surface a) at a depth of h=1 um; b) at a depth of h=7 pm; 5c¢ - change of physical width of interference lines
depending on depth of a surface layer of steel.

quasi-solid composite type under the conditions of the
critical mode.

Conclusions

The main points of the plastic deformation effect of
the friction pairs of tribosystems (Rebinder effect)and its
importance as a criterion for the tribochemical effect of
lubricating media on tribosystem efficiency.

It is shown that the thickness of the plasticized nano-
layer of metal of the friction node depends on the
indicators of chemical and physicochemical activity of
new biooils and their influence on the intensity of
tribochemical interactions between metal surfaces and
oils.

It is proved that the tribochemical activity of biooils
in nodes is higher in comparison with the activity of
mineral oil. The direction and method of achieving of
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desired tribochemical level of oils
established.

X-structural analysis of the friction surfaces of steel
samples both in the initial state and after tests in the
media of compositions 1, 2, 3 showed that during friction
there is destruction of the austenite structure with the
release of a-phase. Hhe intensity of austenite
decomposition progressively increases in samples tested
sequentially in compositions 1 — 2 — 3. It was found
that with the penetration into the surface layers of the
metal after the tests, the amount of ferrite increases and
the content of austenite decreases.

This process is accompanied by a decrease in the

deformation ability of the metal crystals and the

activity are

[1]
[2]

Frankivsk, 2017).

strengthening of the metal surface under its plasticized
layer. There is no reasonable relationship between the
physical width of the interference lines and the wear

intensity of the steel in the wvarious lubricating
compositions.
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Monitoring of Friction Node Surfaces in the Context of their Physico-Chemical Interactions...

B.I. Kupnuenko?!, B.C. Pi6yn?, B.I1. Hesnopogin!, M.b. Cxnanantok®

KoHTpoab cTaHy IOBEpPXOHb BY3JIiB TePTsl Y KOHTEKCTI (Pi3zuko - XiMivyHHX
B3a€MOJIH iX i3 3MalyBaJIbHUMHM Cepe0BHIAMU Pi3HOI OBEPXHEBOI
AKTHUBHOCTI

Xuenvnuyvruii nayionarvnuii ynisepcumem, Xmenonuywvkuii, Yxpaina, Vikirich@ukr.net
2Ximiko-ananimuuna nabopamopia ITAT « Vkpnagpmar, Kuis, Vipaina, ribun.vika@gmail.com
$[Mpuxapnamcvruil nayionanouuii ynieepcumem imeni Bacuns Cmegpanuxa, Isano-Dpanxiscvk, Ypaina,
skladanyuk16@gmail.com

Po3rmsiHyTO TpHOOXIMIYHMH BIUIMB ITOBEPXHEBOI AKTUBHOCTI OIOCHHTETHYHHX OJIMB HOBOTO THUITy Ha
e(eKTUBHICTh 1 HaJIIHICTE pOOOTH 3MaIlEeHHX HUMH 32 YMOB MEXKOBOTO PEKHMY BY3JiB TepTs. [loBeneHo, o
MMOBEPXHEBA aKTHUBHICTH OJIMB 3yMOBJIEHA 0COOIMBOCTSAME OYZOBH 1 BITACTHBOCTEH 1X MOJIEKYJI, €HEPTETHYHI OIS
SIKUX CHPUYHMHSIOTH TPUOOXIMIuHI B3a€eMOMIii i3 TPHOOAKTHBOBAHMMH HAHOIOBEPXHSAMH CTajeld By3Ja TEPTS.
CdopmoBani Kputepii OLIHIOBaHHS BIUIMBY TPHOOXIMIYHOI AaKTUBHOCTI OJIMB Ha TpoLEeC MOIU(IKyBaHHS
CTaJIbHUX TOBEPXOHb (DYHKIIOHYIOUMX BY3JIB TepTs. PeHTreHorpadiuHO MOCTIIHKEHO BIUIMB 3MallyBajbHUAX
CepeOBHII HA TIOBEPXHIO CTalli METOJOM KOB3ar04oro Mmy4ka X-NpoMeHiB. BusiBnennit eext cyTTeBoro BILIMBY
6i00MB Ha (a30Bi MEPETBOPEHHS IIOBEPXHEBOT0 HAHOWIAPY CTaJIl ITijl 4ac TpUOOBHIIPOOYBaHb 3pa3KiB Ha TEPT i
3HOLIyBaHHA. BcTaHOBIIEHO, MO edekT nedopMyBaHHS KPUCTAIIYHOI CTPYKTYPH CTali i3 3MIIIHEHHSIM ITOBEPXHIi
i 1e)OpMOBaHUM IIAPOM 3aJIekKATh BiZl TPUOOXIMIYHOT aKTHBHOCTI 3aIIPONOHOBAHMX MACTHIBHUX KOMITO3HIIIH.
JoBeneHo, mo 6i00JaMBU TPU3BOIATH 0 MOKPAIICHHS MOKA3HUKIB TEPTS 1 3HOIITYBAaHHS 3MaIIEHUX HUMH 3Pa3KiB.
X-CTpYKTYpHHI aHaji3 MOBEPXOHb 3pa3KiB CTali IOKa3aB, IO B Ipolecax TEpTs PYHHYETBCS CTPYKTypa
ayCTEHITy Ta YTBOPIOEThCs (pepuT. BusBieHo, o i3 3armmbaeHHsIM y TOBepXHeBi mapu craii (Big 0,5 1o 7 Mkm),
3MalIeHuX Oi00MMBaMH, KUTBKICTh (EepUTYy B IIapax 3pOCTa€, a BMICT AyCTEHITY 3MeHIIyeThcsa. [Ipu mpomy
3MEHIIY€EThCSl CTYMiHb JedopmManii KpHCTaliB MeTaly, IO HPU3BOAUTH N0 3MIIlHEHHsS HOTO IIOBEPXHI MiX
acTu(ikoBaHUM IIApOM Ta [0 3HIDKCHHS pIBHSA TepTsd 1 3HOLIYBaHHA 3a paxyHOK c(opMoBaHOL
MDKIOBEPXHEBOI CEPBOBITHO-TPUOOIIONIMEPHOT IUTIBKH, CTIHKOT 32 YMOB MEXOBOTO PEXKUMY TEPTSI.

Kiwuosi ciaoBa: Tpuboximis, cTanb, By30J TepTs, OioonuBH, aedopmallis MOBEpPXHi, MOBEPXHEBA
aKTHBHICTH, ayCTEHIT, QepuT.
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