Balkan Tribological
Association

Serbian Tribology
Society

’

University of Belgrade,
Faculty of Mechanical Engineering

10™ International Conference on Tribology — BALKANTRIB '20
Belgrade, Serbia, 20 — 22 May 2021

INFLUENCE OF THE AMOUNT OF METAL-CONTAINING ADDITIVE
ON PERFORMANCE CHARACTERISTICS OF LUBRICANT BASED ON
RAPESEED OIL

Mara KANDEVA"**, Zhecho KALITCHIN?, Elena ZADOROZHNAYA?, Aleksandar VENCL*?
Technical University of Sofia, Faculty of Industrial Technology, Sofia, Bulgaria
’South Ural State University, Chelyabinsk, Russia
3SciBulCom Ltd., Sofia, Bulgaria
“*University of Belgrade, Faculty of Mechanical Engineering, Belgrade, Serbia
*Corresponding author: kandevam@gmail.com

The paper exposes experimental results of the performance characteristics (coefficient of friction, contact
temperature and wear) of the biolubricant based on rapeseed oil. The amount of commercial metal-containing
additive in formulated lubricant was 1, 1.5, 3 and 5 %. All results were compared with the results obtained for the
base rapeseed oil. They showed that the metal-containing additive in rapeseed oil reduced all characteristics
(coefficient of friction, contact temperature and wear). It was also found that the dependence of all
characteristics on the amount of additive is nonlinear and that there is an optimal value of it.
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1. INTRODUCTION

Owing to growing environmental concerns,
vegetable oil-based lubricants and other
biodegradable lubricants are expanding their area
of application [1]. They provide significant
environmental advantages concerning resource
renewability, non-toxicity and biodegradability.
Unfavourable properties of vegetable oils could be
improved through selective plant breeding or
genetic modification, but no matter what they
steel need appropriate additives.

Lubricant additives can be separated as
chemically active or chemically inert. Chemically
active are dispersants, detergents, antiwear and
extreme-pressure, oxidation inhibitors, and rust
and corrosion inhibitors. These additives interact
chemically with metals and form protective layers,
as well as with products of oxidation and
degradation, making them harmless. Chemically
inert are emulsifiers, demulsifiers, pour point
depressants, foam inhibitors and viscosity

improvers. These additives are used to improve
the physical properties that are critical to the
performance of the lubricant [2].

The first goal of this study was to investigate
the biobased (rapeseed) oil with the addition of
different amounts of metal-containing additive.
The second goal was to find the optimal value of
the additive.

2. EXPERIMENTAL DETAILS

The metal-containing additive is added to the
commercially available rapeseed oil. The additive
have good solubility in mineral and synthetic oils
and greases [3,4]. It contains metal salts of organic
and inorganic acids and should reduce friction,
prolong scuffing and improve oxidation resistance
through the formation of a multifunctional layer on
contact surfaces [5]. In dependence on the used
chemical components, the metal film consists of
copper or different metals and is up to 1—2 um
thick. It is porous and has a low amount of
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dislocations and a high amount of vacancies, which
provide a low shear strength of the formed layer,
and thus low friction (Fig. 1).
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Figure 1. Mechanism of multifunctional layer forma-
tion through the selective transfer; adopted from [6]

Two different tribometers were used for the
performance characteristics determination.
However, tribological systems were the same in
both cases and consisted of the bronze test sample
and steel counter-body lubricated with formulated
biolubricants. Coefficients of friction experiments
were performed under four different normal loads
and fixed sliding speed and time. On the other
hand, contact temperature and wear were
continuously monitored in conditions of fixed
normal load and sliding speed.

3. RESULTS AND DISCUSSION

Experimental results of the coefficient of
friction are shown as a function of normal load and
as a function of the amount of metal-containing
additive. Values of the coefficient of friction were
corresponding to the lubrication condition. It could
be noticed that the base oil (rapeseed oil)
dependence of the coefficient of friction from
normal load fits the Stribeck curve in the area of
mixed lubrication (Fig. 2). The addition of metal-
containing additive decreased friction, regardless
of the quantity of additive.
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Figure 2. Rapeseed oil coefficient of friction values
for different normal loads

The obtained results of the mass loss and contact
temperature increase, for different lubricants, are

shown as a function of sliding time, in the form of
the comparative wear curves. Contact temperature
values were in correlation with the coefficient of
friction values, while the addition of metal-
containing additive decreased wear regardless of the
quantity of additive, as in the case of friction tests.

4. CONCLUSIONS

The metal-containing additive, which is already
proved as an addition to mineral and synthetic
base oils, was successfully used for the formulation
of lubricants based on rapeseed oil.

All investigated characteristics (coefficient of
friction, contact temperature and wear) were
improved with the addition of a metal-containing
additive to rapeseed oil.

The dependence of all characteristics on the
amount of additive was nonlinear, pointing to 3 %
as an optimal amount of additive.

ACKNOWLEDGEMENT

Some of the activities of this research are
realised through the collaboration within the
CEEPUS network CIII-BG-0703. Aleksandar Vencl
also acknowledges the project financially
supported by the Republic of Serbia, Ministry of
Education, Science and Technological Development
(Contract No. 451-03-9/2021-14/200105).

REFERENCES

[1] A. Rac, A. Vencl: Performance investigation of
chain saw lubricants based on new sunflower oil
(NSO), Tribologie und Schmierungstechnik, Vol.
56, No. 3, pp. 51-54, 2009.

[2] E.A. Bardasz: Lubricant additives and their
functions, in: G.E. Totten (Ed.): ASM Handbook,
Volume 18: Friction, Lubrication, and Wear
Technology, ASM International, Metals Park, pp
135-149, 2017.

[3] M. Kandeva, A. Vencl, E. Assenova: Influence of
“Valena” metal-plating additive on the friction
properties of ball bearings, Tribological Journal
BULTRIB, Vol. 4, pp. 18-24, 2014.

[4] M. Kandeva, D. Karastoyanov, E. Assenova, K.
Jakimovska, S. Simeonov, A. Vencl: The influence
of the Valena metal-plating additive on
tribotechnical characteristics of the steel-bronze
tribological system, Journal of Friction and
Wear, Vol. 37, No. 2, pp. 187-190, 2016.

[5] V.G. Babel’, D.N. Garkunov, S.M. Mamykin, P.I.
Kornik: Metal-Containing Oil-Soluble Composition
for Lubricating Materials, Patent RU 2277579,
Russia, 2005 [in Russian].

[6] Valena SV, available at: https://valena-sv.com,
accessed: 20.04.2021.

80 10" International Conference on Tribology — BALKANTRIB '20




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [595.276 841.890]
>> setpagedevice


