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B ecmammi na npuxnaoi docniosxcenv 8i0npaybo8aHUx OaU8 NPOOEMOHCMPOBAHA NPOMUPIUIUGICNG 3A2ANbHO-
NPUTHAMUX MEMOOUK 00CHIONHCEHb MPUDOTIOSIYHUX 61ACMUBOCEN MACTNUTILHUX MAMEPIANié ma KpUmuiHo po3enis-
HYyma MOJCIUBICMb BUKOPUCIAHHA OMPUMAHUX Pe3VIbMAamie 8 AKOCMi Kpumepiie OyiHIOBAHHA eKCNIyamayiiuHol
NPUOAMHOCIE MACTMUIBHUX OJUE NICJISL Ne6HO20 MePMIHY eKcnayamayii. 3okpema, Oyau po3ensiHymi maxi HOpmamu-
6HI NOKA3HUKU 5K 6 SI3KICMb, MeMnepamypa cnauaxy, KUCIOMHe YUCI0 Md 6MiCm HepO3YUHHUX ocadis. B askicmo,
30Kkpema, oyinosanacs 3a memooom I enniepa ma memooom Ocmeanvoa. B pezynromami 6y10 6Cmanosiero, wo
nepwull i3 3a3HAYEeHUX Memooié OeMOHCMPYE HUMNCYI 3HAYeHHs. AHAN02IUHY HEeOOHO3HAYHICb 0eMOHCMPYIOMb i
HOPpMAMUBHI MEmMOOUKU BUSHAYEHHS MeMNepamypu Cnaiaxy y GiOKpumomy ma 3aKpumomy mueisax, 8USHAYeHHs
KUCTIOMHO20 YUCTA WIAXOM NOMEHYIOMempUuHo20 abo KaloOpuMempuiHo20 mumpyeantsa 3paska oauel, po3yuHe-
HO20 Di3HUMU POZYUHHUKAMU MA SUSHAYEHHS 8MICIY WIAMI8 MemMoOOM eKCMpPaKyii H-NeHmaHoM, H-2enmaHom ma
IKCMPAKYIUHUM OeH3UHOM. K 6UABUNOCA pe3yrbmamu, OMPUMAHI PISHUMU MemoOaMil, NOPIGHIO8AMU HEMONMCIUBO.
Ananiz ompumaHux 0anux Maxodic niOmeepoICcye OYMKy npo me, w0 NOKAZHUKU, 6USHAYEH] 8 1AOOPAMOPHUX YMO-
8ax He Maiomb NPAKMUYHOZ0 3ACMOCYBAHHA, MOMY, WO 60HU He KOPEMOMbCs i3 PeaibHuUMUu ymMosamu pobomu
onusu. Taxi docniodicenHs modcyms Oymu uKopucmani auute 0 BIOHOCHO20 3iCMAagieHHs: 080X abo binbule 3pas-
K6 MacmuabHux mamepianie. B axocmi 06’ exkmugHo2o Kpumepis, sikuti 6u 6i006pasicas npoyecu 63aemMo0ii KOMNo-
HeHmi6 3MAWy8aIbHUX OAUE | 8Y31i6 mepms 6 npoyeci excnayamayii ma mie 6u ciy2yeamu NOKA3HUKOM CIYNeHs
Ccmapinus OIU6U A8MOPOM 3aNPONOHOBAHO BUKOPUCINOBYBAMYU OleeKMPUYHY NPOHUKHICIb Y 3MIHHOMY eleKmpuy-
Homy noai. Ilpueedeni nepwi pesyrvmamu 00CAIOHCEHb OeMOHCMPYIOMb, WO 3MIHU OieIeKMPUUHOT NPOHUKHOCII SIK
@dyHKYIA yacy excnayamayii, MO*CYMb 86aXCAMUCA NOKASHUKOM MIpU CIMAPIHHA OUBU, d OMPUMAHI pe3yIbmamu
003601710Mb HAOIUNCEHO OYIHIOBAMU KOHYESHMPAYII0 WAAMIE ma MeXaHiuHux 3a0pyonens 8 oausax. Ilpome, epaxo-
8yrouU 6a2amoKOMNOHEHMHICMb CYYACHUX ONU8 MA 8NIUS THUUX YUHHUKIE HA OleIeKMPUYHY NPOHUKHIMb Mamepia-
JIy OMpUMAaHi pe3yivmamu ciio 88axcamu auule Nonepeorimu i maxkumu, wo nompeoyroms nooaibuo20 YmoyHeHHs
ma onpayio8amHsl.

KirouoBi cnoBa: osimBa, TpHOOJIOTIYHI XapaKTEPUCTHKH, PEOJIOTIUHI XapaKTEpPUCTHKH, JIeJIeKTPUYHA TPOHHK-
HICTh, HOPMATHUBHI METOTH.

B cmamve na npumepe ucciedosanuii ompabomaHHvix Macen npoOeMOHCMPUPOBAHA NPOMUBOPEUUBOCHb 00-
WenpUHAMbIX MeMmOOUK UCCIe008aHULl MPUDOTOSUYECKUX CEOUCME CMA30YHbIX MAMEPUALO8 U KPUMUYECKU pac-
CMOMPEHA 803MOICHOCHb UCHONIb306AHUSL NOTYYEHHBIX Pe3yIbMmamos 6 Kauecmee Kpumepues OYeHKu IKCHIyama-
YUOHHOU NPUSOOHOCTU CMA30UHBIX MACEL NOCIe ONpedesieHHo20 CpoKa IKChayamayuu. B wacmuocmu, 6viiu pac-
CMOMPEHbl MaKue HOPMAMuHble NOKA3AMENU, KAK 63KOCHb, MeMNepamypa 6CHbIUKU, KUCLIOMHOE YUCIO U CO-
oepoicanue Hepacmeopumbix 0caokos. Bssxocms, 6 wacmuocmu, oyenusanace no memooy Ienniepa u memooy
Ocmeanvoa. B pezyiomame 0b110 YCMAHOBIEHO, YMO NEPEbILL U3 YKAZAHHBIX MeM0o008 0eMOHCmpupyem 06o./iee Hu3-
Kue 3HauyeHus. AHANo2UUHYI0 HEOOHOZHAYHOCIb OeMOHCMPUPYIOM U HOPMAMUBHbIE MEMOOUKU ONpeOeseHUs. meM-
nepamypvl 6CRbIUKU 6 OMKPBIMOM U 3AKPLIMOM MUSJIAX, ONpedesieHue KUCIOMHO20 YUCIA NymeM NOMeHYUuOMempu-
YeCK020 UL KATOPUMEMPUYECK020 MUMpPOBanus 06pasya Macia, pacmeopeHHo20 Pa3IUdHbIMU PACMEOPUMEes MU U
onpeoenerust COOePAHCAHUSA UWNAMOB MEMOOOM IKCMPAKYUU H-NEHMAHOM, H-2enmaHom u sxkcmpakyuei. Kax oxasa-
JIOCb, pe3yibmamsl, NOJYYEHHbIE DASHLIMU MemoOdMU, CPAGHUBAMb HEBO3MONCHO. AHAIU3 NONYUEHHbIX OAHHbIX
maxaice noomeepacoaem MHeHUue 0 Mmom, Ymo NOKA3amenu, onpeoeietsie 8 1ab0PamopHbIX YCI0BUAX, HEe UMEIOM
NPAKMUYeCcK020 NPUMEHEHUs, NOMOMY YMO OHU He KOPPEeIUPYIOmcs ¢ PeaibHbiMu yeiosuimu pabomol macia. Ta-
Kue UCCie008anusi Mo2ym Oulmb UCNOAb308AHbL MOJLKO 0J151 OMHOCUMENbHO20 CONoCmagienuss 08yx uiu bonee 00-
PA3Yy06 CMA30UHLIX MAmMepuaios. B kauecmee 06vbekmueno2o Kpumepus, KOMopwvilli Obl OMPANCAT NPOYECChL 63aU-
MOOelicmausi KOMROHEHMO8 CMA30YHBIX MACE]L U Y3108 MPEHUsL 8 NPoyecce IKCRIYamayuu u Moz 0vl CIyscums no-
Kasamenem CmeneHu CmapeHusi MAacia asmopom APeOI0NCeHO UCNOb308AMb OUIICKMPUYECKYIO NPOHUYAEMOCTb 6
nepemenHom daekmpuyeckom none. Ilpusedennvie nepeovie pe3yibmanvl UCCACO08AHUL OEMOHCIMPUPYION, YO U3-
MEHEeHUsT OUINEKMPUUECKOU NPOHUYACMOCTU KAK (DYHKYUSL 8PEMEHU IKCHLYAMAYUYU MO2YM CHUMAMbCS NoKasane-
JleM CmeneHu Cmaperus Macid, a NOJYYeHHble Pe3yibmambl N03600M NPUOTIUNCEHHO OYEHUBAMb KOHYEHMPAYUIO
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WAAMO8 U MEXAHUYECKUX 3azpsznenuil 8 onugkax. OOHAKOo, YUumvledas MHOZOKOMNOHEHMHOCHb COBPEMEHHBIX MACEeL
U nUsiHUE OpPY2UX PAKMOPO8 HA OUIIEKMPULECKYTO NPOHUKHOGEHUE MAMEPUALa NOIYYEHHble Pe3Ybmamsl cledyem
CUUMAMb MOAbKO NPEOAPUMETbHbIMU U MPEOVIOWUMU OalbHeliue20 YMOUHeHUs U 00pabomKu.

KiroueBble clioBa: Maciio CMa304yHOE, TPHOOJIOTHYECKHE XapaKTEPUCTUKH, PEOJIOTMYECKUE XapaKTEPUCTHKH,
JUBJICKTPUYECKas IIPOHUIIAEMOCTh, HOPMATUBHBIC METOIbI

The article demonstrates the contradiction of generally accepted methods of research of lubricants tribological
properties on the example of spent oil studies and critically considers the possibility of using the obtained results as
criteria for assessing the serviceability of lubricating oils after a certain service life. In particular, regulatory
parameters such as viscosity, flash point, acid value and insoluble sludge content were considered. Viscosity, in
particular, was assessed by the Heppler’s and the Ostwald’s methods. As a result, it was found that the first of these
methods shows lower values. Similar ambiguity is demonstrated by normative methods for determining the flash
point in open and closed crucibles, determining the acid number by potentiometric or calorimetric titration of an oil
sample dissolved in various solvents and determining the sludge content by extraction with n-pentane, n-heptane
and extraction benzene. As it turned out, the results obtained by different methods are impossible to compare. The
analysis of the obtained data also confirms the opinion that the indicators determined in the laboratory have no
practical application, because they do not correlate with the real operating conditions of the oil. Such laboratory
studies can only be used to compare two or more samples of lubricants. As an objective criterion that would reflect
the interaction of the components of lubricating oils and friction units during operation and could serve as an
indicator of the degree of aging of the oil, the author proposed to use the dielectric constant in an alternating
electric field. These first research results show that changes in dielectric constant as a function of service life can be
considered an indicator of the degree of aging of the oil, and the results allow us to estimate the concentration of
sludge and mechanical contaminants in oils. However, given the multicomponent nature of modern oils and the
influence of other factors on the dielectric penetration of the material, the results obtained should be considered

only preliminary and those that require further refinement and processing.
Key words: oil, tribological characteristics, rheological characteristics, dielectric constant, normative methods

Introductions

Settings of technically and economically
expedient oils’ operation time is one of the most
important issues in the lubricants’ usage [1]. In
Ukraine, these problems have become especially
relevant. Market demands for petroleum products
has led to changes in the current production struc-
ture of enterprises, the structure of imports and
exports, product range and sales systems. The total
range of aviation, motor, transmission, hydraulic,
turbine, compressor, electrical-insulation and other
oils which are produced at Ukrainian enterprises
includes more than 200 items, within motor and
transmission oils - more than 65. At the same time,
there is a significant increase in the volume of im-
ported lubricants. This influx is due primarily to
the fact that domestic refineries can provide
Ukraine with lubricating oils by only about 44%.
According to various expert estimates, the neces-
sity for lubricating oils up to 900 thousand tons per
year can be expected in Ukraine in the coming
years, and the need for transmission oils reaches at
least 50,000 tons, in particular. With such a wide
range of products, the question of the suitability of
lubricants by different manufactures, the choice of
lubricants in terms of quality and cost, as well as
the definition of oils’ optimal operational time in
terms of their ability to meet certain operational
requirements as to different equipment arises espe-
cially important [2].
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Setting objectives

Settings of the lubricants' optimal lifetime
deadlines is not only extremely important, but also
a complex task, the solution of which must simul-
taneously satisfy both operational and technologi-
cal conditions, the purpose of which is to ensure
the reliability of lubricated machines and mecha-
nisms; and economical profitability, which consists
in choosing a rational approach to the choice and
consumption of oils. Therefore, the choice of
parameters to characterize the intensity of the oil
aging process during operation of the equipment
and oils condition assessment has considerable
practical interest [2, 3].

Research results and their analysis

The author analyzed well-known standard
methods for assessing the quality of lubricating
oils. In practice, the aging of lubricating oils is
often checked out by the change in their rheologi-
cal properties, which are determined according to
accepted standards by measuring viscosity at dif-
ferent temperatures, depending on the purpose of
the oils. However, it should be noted that if the
thermochemical mechanisms of the aging process
lead to an increasing in the oils viscosity, the dis-
solving effect of fuel in motor oils or mechanical
destruction in transmission oils reduces their vis-
cosity. Thus, changes in the viscosity of the oil
during operation are determined by various com-
plex factors, and it is possible that the viscosity of

{( 17

HaykoBu# BicHuk I®PHTYHI

ISSN 2415-3524 online 2021. Ne 2(51)

N—_



Mexanika marepianis

the working oil is equal to its original value, but in
this case the changes in chemical and fractional
composition are ignored. in the process of aging.
At the same time, the conditions of the hydro- and
elastohydrodynamic regime of lubrication change,
despite the fact that the standardized viscosity de-
termined in laboratory conditions is similar to or
close to the viscosity of fresh oil [4]. As part of a
research program at “Radom Polytechnic” (Ra-
dom, Poland), the viscosity for several randomly
selected oils after different usage time was deter-
mined by the author using different viscometers.
The results are given in table 1. The following oils
have been investigated:

1. CASTROL EPX (similar to API GL-5,
SAE (18) 85W-90) after 113 operating hours.

2. CASTROL EPX (similar to API GL-5,
SAE (18) 85W-90) after 312 operating hours.

3. BPDL MP30 (similar to API CC, SAE 30)
after 4160 operating hours.

4. MOBILGARD 312 (similar to API CD,
SAE 30) after 512 operating hours.

5. MOBIL Delvac 1230 (similar to API CC,
SAE 30) after 628 operating hours.

The data given in table 1 demonstrate that the
Heppler’s method gives a viscosity value lower
than the Ostwald’s one. Studies show that this is
probably due to the inhibition of the used oil’s
flow through the capillary by means of impurities
accumulated in it during the operating time. For
this reason, an objective measurement of the oil
viscosity by the capillary method is impossible.
Thus, the viscosity of the oil can be undoubtedly
considered as an indicator that characterizes its
rheological properties, but it should be noted that
the viscosity can not be the only indicator of the
serviceability of oils. Viscosity, as a measure of
internal friction of a liquid, is not able to fully
characterize the resistance to movement of equip-

Table 1 — Comparative viscosity of lubricating
oils obtained by different methods

_;g Temperature 40 °C | Temperature 50 °C
= Method

=

E‘ Ostwald's | Heppler's | Ostwald's | Heppler's
& (mm?/s) | (mm%s) | (mm?s) | (mm?s)
1 108,6 106,2 66,0 65,2

2 - 115,2 - 70,0

3 112,5 110,7 68,2 66,0

4 102,8 100,1 63,2 62,4

5 98,5 94,9 61,3 59,1

« - » — measurement is impossible

ment parts, due, in addition, the type and geometry
of conjugate friction pairs, the technology of their
processing and method of lubrication [3].

Methods for oil viscosity determining and es-
timating should be improved taking into account
the maximum approximation to the operational
effects under real friction units’ conditions. Ac-
cording to ASTM standards, during recent years a
Brookfield rotary viscometer for the lubricating
oils’ viscous classification has been widely used in
many countries [4].

Another well-known standard criterion for as-
sessing the quality of lubricants is the flash point
determination in open and closed crucibles. Studies
confirmed by the author (see Table 2) show that
with a slight change in the viscosity of the lubricat-
ing oil, a decrease in the flash point may indicate
the depth of oxidation of the oil and the formation
of highly viscous condensation products. It was
also found that the flash point in the open crucible
decreases with the increased sludge content in the
lubrication oil. More accurate results can be ob-
tained by determining the flash point in an open
crucible. The table 2 shows the flash point values
of previously selected oils.

Table 2 — The comparative flash point obtained
by various methods

Flash point in Flash point in
Sample . .
open crucible, | closed crucible,
number o o
C C
1 266 239
2 247 227
3 278 254
4 253 230
5 267 240

The actual flash point is due to many factors.
The analysis of the obtained data confirms the
opinion that the determination of the flash point in
the laboratory, especially in a closed crucible, has
no practical application, because it does not corre-
late with the real operating conditions of the oil.
This temperature determination can only be used to
compare two or more samples of lubricating oils
[4].

Free acids content determination in lubricants
is carried out by the acid number determining
method, while the determination of free and bound
acids — by the method of determining the alkaline
number. Both methods are reduced to potentiomet-
ric or calorimetric titration of the oil sample dis-
solved in alcohol (ethyl, isopropyl), gasoline, tolu-
ene, isopropanol or other solvent. The results ob-
tained by different methods are impossible to com-

Ta )
18 )

ISSN 1993-9965 print
ISSN 2415-3524 online

HaykoBu# BicHuk IOHTYHI
2021. Ne 2(51)



Mexanika marepianis

pare. In many publications concerning the ma-
chines operation, the acid number increasing is
considered as a measure of the lubricating oils cor-
rosive effect intensity. Such assumptions are not
always confirmed. The results of the acid number
measuring by means of standard methods show
only the total number of acid groups per unit mass
of oil, but it is not known with which radicals these
groups are associated and what is the total amount
of these acids [4]. The determination of the acid
number is associated with a large subjective error
in manual calorimetric titration and with the diffi-
culty of accurately determining the inflection point
in potentiometric titration, because the real neu-
tralization curves differ from the theoretical char-
acteristics of this process. The table 3 shows the
values of acid numbers for previously selected
samples of oils determined by calorimetric and
potentiometric titration.

Table 3 — Comparison of the acid number
values, determined by different methods

Sample .Pote.ntiometric . Cal.orimetric
number titration method, | titration method,
mg/KOH/g mg/KOH/g

1 1,91 2,01

2 1,31 1,83

3 1,26 1,31

4 1,98 2,02

5 2,34 2,78

Thus, the acid number can be considered a
conditional criterion for assessing the oxidation of
lubricating oils until the appearance of acidic com-
pounds. The deepening of this process leads to the
neutralization and precipitation of the formed es-
ters. Therefore, the scope of the acid number is
quite limited.

In turn, changes in the alkaline number deter-
mined by alkaline hydrolysis of esters can charac-
terize the intensity of the lubricating oils oxidation
process. These tests are quite complex and require
expensive special equipment, and the results do not
correspond to the real operating conditions. Sludge
extraction, as an indicator of the degree of oxida-
tion carried out by means of various solvents, does
not give comparable results. Thus, as to the meth-
ods for determining the alkaline and acid numbers
can be summarized: the determined intensity of the
corrosion effect of solutions on materials does not
always correspond to changes in acid and alkaline
numbers. Therefore, the value of the acid number
can not be considered a measure of the corrosive
activity of lubricating oils [3].

During the operating process of lubricating
oils, various sediments accumulate there, they are
products of condensation and coking, as well they
have the purely mechanical origin. Determining
their number can also be considered as a measure
of the oils aging level. However, various solvents
are used to determine the content of these precipi-
tates. Disregarding external mechanical impurities,
which should be determined by the benzene extrac-
tion method (so does ESSO), ELF recommends
sludge content determination the by extraction with
n-pentane, SHELL — n-heptane, and ESSO — gaso-
line extraction. Thus, it is obvious that, while the
sludge content determination by means of pentane,
heptane and gasoline, mechanical impurities are
also released from the oils in addition to resins.
This means only that the sludges are the sum of
insoluble in this solvent resins and mechanical im-
purities. The amount of precipitated resins is de-
termined by the nature of the solvent, its behavior
to the oil, temperature, the chemical composition
partition coefficient of the resins and their molecu-
lar weight. Comparison of the amount of precipi-
tate precipitated with various solvents on the filter
plate SETA, is given in table 4.

Table 4 — Comparative percentage of insoluble
precipitates determined by different solvents

The amount of insoluble precipitates,
Sample %
number in in in extraction
n-pentane | n-heptane gasoline
1 1,49 1,25 3,19
2 1,65 1,34 3,71
3 1,53 1,26 3,21
4 1,79 1,54 3,60
5 1,21 1,01 3,05

Thus, it can be stated that the actual sludge
content in the lubricant oil corresponds to the con-
tent of the precipitate obtained from the oil by
means of this solvent, reduced by the content of
mechanical impurities, determined with the help of
benzene. These methods of the content of sludge
determining, due to their differences, do not allow
to draw conclusions about the serviceability of lu-
bricating oils. Moreover, a study conducted by the
authors at Radom Polytechnic University showed
that the introduction of 2% (as to the weight) me-
chanical impurities and sludge which had been ex-
tracted from waste oils into SuperOl SAE 30 motor
oil slightly improves its anti-wear properties. The
same results were obtained after the adding of
these precipitates in the base oil SAE 10, and the
anti-wearing properties were determined on a four-
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ball friction machine. Thus, the determination of
the content of sludge and mechanical impurities,
although related to the performance properties of
lubricating oils can not serve as a direct indicator
of the aging process.

Thus, we can conclude that the normative
methods for assessing the protective properties of
lubricating oils do not response to actual operating
conditions. Similar conclusions can be made by
considering other standardized criteria such as pour
point and water amount (not covered in this article)
[3].

From the above considerations it follows that
the set of standards for oils, as well as methods for
determining their properties are based on conven-
tional indicators or on conventional means of de-
termining them with insufficient correlation with
the actual operating conditions. In general, only
fresh oils can be evaluated by standard test meth-
ods, because the procedure for determinations im-
plementing usually requires contamination removal
from the tested samples, their dehydration, homog-
enization, etc., removal the components that accu-
mulate in the oil during operation and, naturally
have a significant impact on the determined values.
Modern methods of lubricating oils testing are
usually developed by oil manufacturers or the au-
thors of their recipes, ie they are clearly production
in nature. Based on the same set of its own stan-
dards, the manufacturer of lubricating oils rela-
tively simply meets their requirements, without
paying attention to the behavior of products in real
operating conditions and friction units. Moreover,
the values of the criticized evaluation properties in
the product standards are usually in the tolerance
intervals (not lower - not higher), this allows the
production of lubricating oils of the same grade in
a wide range of compositions.

Analyzing the process of the lubricating oils
state changing, we can say that the criteria for as-
sessing this state should be such one that reflects
the actual interaction process of lubricating oils
components and friction units that actively interact.
From this point of view, it may be practically in-
teresting and useful to assess the electrochemical
processes and changes in the behavior of oil in an
electric field. It is well known that pure fresh lubri-
cating oil is a non-polar liquid. Thermochemical
processes that take place under the real operation,
lead to the emergence of oxidation products, which
in turn should cause polarity increasing. Among
petroleum products, dielectric parameters are im-
portant primarily for hydrocarbons, which are used
to fill electric switches, for the manufacture of ca-
pacitors and transformer oils. Only during recent
years have been published works on the usage of

fast and accurate dielectric methods for the lubri-
cating oils condition assessment. The gradual ac-
cumulation of polar products, still soluble in un-
changed hydrocarbons, depending on the tempera-
ture can bring their concentration to one at which
significant changes in dielectric constant can be
expected, which in turn becomes critical at critical
concentrations and temperatures.

Since lubricating oils are a complex mixture
of dozens of different compounds that react with
each other, in applied research there is no need to
determine the chemical composition of the oils in
operation. At the same time, it is necessary to de-
termine the relative changes in the state of these
oils, which is understood as a result of changes in
the state of chemical composition and, accordingly,
fractional composition [4].

In the up to date researching works dealt with
petroleum products properties assessing, much at-
tention has been paid to the study of conductivity
(resistance) in a constant electric field. According
to the author, such studies characterize the tempo-
ral values of these properties in certain solutions.
Studies of conductivity, and in fact the potential
drop, implemented in an alternating electric field,
can characterize the process of changing the state
of multicomponent mixtures.

A number of studies have been conducted to
confirm this idea. Contaminations had been iso-
lated from the used oil Superol "CC SAE 30" by
extraction with benzene. The obtained samples had
been dried at a temperature of 105 °C, and after the
isolated contaminants were dissolved in an oil base
to obtain solutions of 0.01, 0.05, 0.25, 1 and 5%.
Similarly, from the benzene solution, after evapo-
ration of the solvent, by extraction with n-pentane
were isolated sludge, which were dissolved at the
same concentrations in the oil base. Under the
above conditions and a certain order of the samples
replacement, the changes in the potential drop for a
series of solutions of contaminants and sludge of
different concentrations have been studied. For the
obtained results in the concentrations range up to
1%, the corresponding regression equations have
been compiled and graphical dependences have
been compiled (see Fig. 1).

Preliminary analysis of the graphical depend-
ences shows that the sharpest changes in the poten-
tial drop are observed for strongly polar sludge as
oxidation products. When the concentration of
sludge above 4%, the value of the potential drop is
stabilized.

Conclusions
The described researches have shown that
normative methods of estimation of protective
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U,mV
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391
38 1
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31+
30 1
29 -
28 1

Figure 1 — Dependences of the potential drop on the concentration of
sludge and mechanical contaminants

properties of lubricating oils which are based on
conditional indicators or on conditional means of
their definition do not correlate enough with real
operational conditions, and moreover, they show a
certain discrepancy in results. It is logical that the
described test methods can and should be applied
only to fresh oils, and they, unfortunately, can not
give an answer about the functional suitability of
lubricants after a certain usage. An attempt to use
dielectrometric parameters as a criterion that re-
flects the interaction of the lubricating oils compo-
nents and friction units demonstrates results that
may have practical value. Based on the previous
results, it can be stated that changes in dielectric
constant as a function of operating time can be
considered an indicator of the oil aging degree.
The obtained dependences allow to estimate the
concentration of sludge and mechanical contami-
nants in the working oils. However, given the mul-
ticomponent nature of modern lubricants and the
unconditional influence of other factors on the di-
electric penetration of the material, a series of ad-
ditional and refining experiments should be con-
ducted to obtain more objective mechanisms for
assessing the lubricating oils tribological state.
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