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CORRELATION ANALYSIS OF PHYSICOCHEMICAL, RHEOLOGICAL
AND TRIBOLOGICAL PROPERTIES OF USED LUBRICANTS

Literature introduction

Nowadays, with the development of technology, the importance of protecting
machines from undesired effects is increasing. One such factor is friction, which
results in tribological wear. Particularly exposed to this effect are kinematic pairs,
between which there is a precise fit. It goes without saying, therefore, that a car
engine, for example, must be provided with adequate lubrication to prevent it from
wearing out too quickly. Various types of engine oils are used to protect the engine
unit. Each is characterised by slightly different properties, so that the user can match
the lubricant to the engine requirements as closely as possible.

The basic parameter determining the properties of lubricants is viscosity. The
value of this parameter varies during the service process. Factors such as oxidation,
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which increases viscosity, or dilution of the lubricant with fuel or refrigerant, which
results in a decrease in viscosity, contribute to this [1]. Manufacturers of engine oils
have adapted the classification of lubricants according to SAE, however, as research
has shown, despite the same designation, they show different viscosity characteristics
In a range not covered by catalogue data [2].

Another parameter that varies during the life of the engine oil is the amount of
water it contains. It depends on the driving style - whether it is urban, mixed or the
vehicle is used on long-distance journeys. Starting the engine at low temperatures and
driving short distances contributes to an increase in water content, as the drive unit is
not warmed up sufficiently to evaporate this water [3]. Due to the different nature of
the molecular structure of water and lubricant, this results in an emulsion that exhibits
poorer protective properties. The presence of water in the powertrain carries
additional risks, i.e. the formation of corrosion [4].

Another parameter describing the properties of lubricants is density. It is
sensitive to the content of wear products in the lubricant, which gives a basis for
drawing conclusions about the effect of the condition of the engine unit on the
lubricant. An approach to considering engine oils with respect to viscosity, water
content and density was demonstrated in their work by Landowski and Baran [5].

In terms of analysing the properties of lubricants, researchers are also
interested in referring to laboratory tests using a four-ball apparatus. As the literature
review shows, despite the same viscosity class designation, lubricants distributed by
different manufacturers show different lubricating properties [6]. Therefore,
supplementing physicochemical and rheological tests performed on a group of
collected engine oils with tribological tests is justified.

Comprehensive tests with engine oils are conducted to obtain data for
developing an assessment of the condition of the lubricant that has been subjected to
the operating process. The paper consists of several sections including a literature
review, a description of the research methods used together with the results obtained
and the conclusions drawn from the research.

Research methodology

The test subjects were samples of engine oils in service. Each sample was
described by its viscosity class and the name of the manufacturer by which it was
produced. Additional information assigned to the individual samples was: oil mileage
[km], type of fuel used to power the engine, engine displacement [dm3], engine
nominal power [KW], car mileage at oil drain [km]. Based on the collected data, each
sample was assigned a dependent sample belonging to the control group containing
fresh oils.

Laboratory tests were carried out using common test methods described in the
standards. Viscosity was determined using a Mini AV-X apparatus. The measurement
temperature was 40°C (EN ISO 3104:1996) and 75°C (reference temperature for
tribological tests). For the measurement of water content, samples with a volume of
1cm? were fed into the Cou-Lo Aquamax KF apparatus (EN 1SO 12937:2000). The
density of the samples was determined at 15°C (EN ISO 3675:1998) and 75°C
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(reference temperature relative to tribological tests) using an areometer with a range
of 0.8-1.0 g-ml-1.

The tests using the four-ball apparatus were based on EN 1SO 20623:2018. A
single test run was 3600s at a rotational spindle speed of 1200rpm, and a force of
392N was applied to the kinematic node. The initial temperature of the lubricant was
75°C. After three test runs for each sample, microscopic inspection of the balls
comprising the kinematic node was carried out.

Results

The data obtained as a result of the research was placed in a table, which was
implemented in Statistica™. Then, using the correlation matrix, correlation graphs
were plotted for each variable.

The result of the analysis found a correlation of r=0.7898 and r=0.7964 for the
density determination at 15°C and 75°C and the fresh/used oil determination,
respectively. The correlation plot showed a decreasing characteristic, indicating that
fresh oils have a lower density compared to the density of used oils.

Another correlation with a value of r=0.8306 indicates a relationship between
the fresh/used oil designation and the wear diameter measured on the balls
comprising the kinematic node. The characteristics of the correlation plot are also
decreasing, indicating that the wear marks of fresh oil are smaller than those of used
oil.

As the analysis shows, the size of the wear marks was also influenced by the
density values read for the individual samples at 15°C and 75°C. The correlation
values r were r=0.83914 and r=84598, respectively. Both correlation plots have an
increasing characteristic, which indicates that as the density of the lubricant tested
increases, the diameter of the wear marks measured on the balls of the kinematic joint
also increases.

For the other parameter combinations of the lubricants tested, no significant
correlation was found between them.

Conclusions

The tests and analyses carried out made it possible to determine the correlation
between the properties of the lubricants tested. Despite the expected correlation
between viscosity values and tribological tests, it was not observed in the selected test
group. A similar result was obtained for water content. The only correlation between
physico-chemical and tribological tests was observed in the density - wear diameter
comparison.

Another conclusion of the study is that fresh oils protect the kinematic node
better than oils already in service. This underlines the importance of timely lubricant
replacement in power units.
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IIATAHHA YNCEJIBHOI'O MOIEJIIOBAHHSA ITIOIINPEHHSA
3ABPYJHEHbD 3 TOUYKHA 30PY BUKOPUCTAHHSI I'IC TEXHOJIOI'TH

3a0pyIHEHHsSI TIOBITPS y MICBKOMY CEpEIOBUIII Ha CHOTOJHINIHIA JCHb
CTAHOBUTH T'OJIOBHY 3arpo3y IS MEIIKAHIIB BEIMKUX MicT. OJHUM 13 OCHOBHHX
JDKepen  1boro 3a0pynHeHHs € aBtoTpaHcnopT. [loBiTps Hamg BeTUKUMH
MeraroJjicaMd MICTUTh y JCKIJbKa pa3iB OUIbIIEe aepo30JIiB 1 B KiJibKa pa3iB OuIbIIe
IIKIJUTHBUX Ta3iB MOPIBHSIHO 3 perioHaMu 0e3 1HTEHCHUBHOTO aBTOTpaHcmopty. o
70% ycixX MKiIIMBUX BUKHUIB, SKI CIPUYUHSIOTH 1€ 3a0pyJAHEHHS, MpUNATace Ha
aBTOMOOUTEHUN TPAHCTIOPT.

Oco0nuBO HEOE3MEUHOIO € Ta 00CTAaBUHA, 110 J)Kepesia BUKUAIB 3HAXOAThCA Ha
PiBHI Ou€l JIt0JIel, OCKUIBKM aBTOMOOLUII 13/19Th MO 10pOrax, po3TalllOBaHUX Ha PIBHI
MENIKaHLIB MicTa. Benuka KOHIEHTpalisl aBTOTPAaHCIOPTY B 30ecnocepenHii
OJIM3BKOCT1 BIJ JKUTJIOBUX OyJAWHKIB, OCBITHIX 3aKjJajJiB Ta JIIKAPEHb CTBOPIOE
OCHOBHY MpoO0JIeMy JJIsl MOMUPEHHS 3a0py/THEHB Bil aBTOTPAHCIIOPTY.

s mpoGiema BHMarae HEralHOTO YBard Ta NPHHHATTS JI€BHX 3aXOJIB IS
3MEHIIICHHS BUKHJIIB Ta TOJIMIICHHS SKOCTI TOBITPSA B MiCTaX, IO € KIOYOBUM
3aBHAHHSAM ISl TOKpAIEHHS SIKOCTI JKUTTA MEIIKAHIIB Ta 30epeKeHHs
HABKOJIMIITHLOTO CEPEIOBHUIIIA.

IoGynoBa oduacti 3a nonomororo I'lC

Ha nepmwomy erami MIATOTOBKM TPUBUMIPHOI MOJENlI MICHEBOCTI 3

ypaxyBaHHAM peibe]y Ta crnopyl Oyidu BUKOPUCTaHI JAaHHI 3 BIAKPUTUX JKEpel

172



