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Abstract

Purpose: The purpose of this article is to investigate the possibility of using fullerene additives to fuels and lubricating
materials for the improvement their oxidative stability and to determine the concentration of nanoadditives in
hydrocarbon solutions. Research methods: Methods of increasing the oxidative stability of Castrol Magnet SAE 5w-30
oil by adding fullerene C60 and determination the content of nanoadditives in the hydrocarbon liquids were considered
in the article. Results: The optimal concentrations of fullerene additives are determined, the method of
photoelectrocolorimetric determination of their concentrations in lubricants is developed, the experimental data of
optical properties of Cgo solutions are obtained and the amount of fullerene in solution is calculated. Discussion: It is
proposed to use fullerenes as an antioxidant additive, which significantly improves the thermal oxidative stability of oils
and the method of determining of fullerene content.
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1. Introduction

The oxidative stability of hydrocarbons decreases
when heating oil even to its operating temperature
in the presence of dissolved oxygen and air
oxygen. These factors cause formation the solid
phase as a sediment and resins, which, deposited
on the parts of the oil system, change its
lubricating characteristics and cause filter
contamination.

Stabilization of lubricating materials with
traditional oxidation inhibitors is not effective
enough. Therefore, there is a necessity to develop
and implement a new generation of additives for
the efficient operation of friction units, as well as
the introduction of more efficient methods of oil
regeneration.

The problem of determining the content of
additives in fuels and lubricating materials today is
no less relevant. The replacement period and the
durability of the friction unit depend on their
concentration [1].

2. Analysis of the research and publications

The main criterion for replacing any oil is the
formation of oxidation products in addition to the

depletion of the additive package.

Improvement of machines and mechanisms, their
transition to more forced modes of operation,
increasing the heat load of engines and their fuel and
oil systems leads to a reduction of the service life of
lubricants. Therefore, it is especially relevant the
question of oxidative stability of oils, which means
the resistance of hydrocarbons to oxidation by air
oxygen and minimal susceptibility to the formation
of resinous compounds, and also the possibility of
regeneration for further use as intended.

Hydrocarbons of all classes are subject to
oxidation, but with different speed and direction of
reactions. That is why there is a difference between
compositions of oxidation products, which is of
great importance for the performance properties of
lubricating materials [2-3].

Recently, there is a significant progress in the
production and research of nanoobjects, new
nanomaterials and nanotechnologies have emerged.
Nanoclusters of a number of metals, fullerenes, and
carbon nanotubes were synthesized. The new
methods of observation and study of the properties
of carbon nanostructures were created due to the
development of physicochemical methods for
studying their use in lubricating materials [4-6].
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The discovery of a new allotropic modification of
carbon has contributed to the significant
development of many areas of science and
techniques. This discovery is also very important for
petrochemistry.

The use of nanomaterials in this field is a
particularly promising area. Thus, fullerenes for
petroleum products are used as a variety of additives
that  significantly  improve  physicochemical
properties of lubricants.

Fullerenes have unique chemical properties. Their
molecules are made up of five- and hexagonal
fragments. The pentagons are absent in the layer
structure of the graphite and they ensure the closure
of the fullerenes structure. Fullerene Cq is the least
stable and the most available of the fullerenes. The
Ceso molecule belongs to the icosahedron group and
is a polygon which resembles a football of the type
made of hexagons and pentagons, with a carbon
atom at the corners of each hexagon and a bond
along each edge.

Fig. 1. Fullerene molecula Cgo

Fullerenes have high chemical inertness in relation
to the process of monomolecular decomposition.
Thus, the Cg molecule retains its thermal stability
up to a temperature above 1500 °C, which cannot be
said about other antiwear and antioxidant additives
[7-10].

However, the oxidation of this form of carbon to
CO and CO; is observed at significantly lower
temperatures (about 250 °C) in the presence of
oxygen, but such a temperature in the lubrication
system of modern automobile and aircraft engines is
not achieved. The process of slow oxidation leads to
the formation of an amorphous structure in which
one molecule of Cgo has twelve oxygen atoms, while
the molecule of fullerene almost completely loses its
shape. It is necessary to take into account the fact
that one molecule of antioxidant additive can contain
one oxygen atom. This characterizes the high
efficiency of nanoadditives in lubricating materials.
An intensive formation of CO and CO; takes place
when temperature increases above 500 °C and the

final destruction of the ordered structures of
fullerenes happens.

3. Problem statement

It was noted that hydrocarbons of all classes are
subjected to oxidation, but with different rates and
directions of reactions, and hence the composition
of oxidation products.

Heating of oil to temperature above 100 °C in the
presence of oxygen reduces the thermal and
oxidative stability of hydrocarbons and leads to the
formation of sediments and resins, which change,
first of all, the color of the oil, its acid number, ash
content, contaminate filters and oil supply
channels to the friction units, accumulate on the
parts as of varnish formations.

Therefore, there is a need to develop and study
modified additives — fullerenes with the
improvement of techniques to increase the
oxidative stability of fuels and lubricants, as well
as to determine the content of nanoadditives during
the work of the friction unit.

4. Problem Solution
4.1. Methods and determination of oxidative
stability of oil

The experiments were performed in accordance with
GOST 11802 to evaluate the effect of fullerene Ceo
on the antioxidant properties of fuels and lubricants.
The scheme of the device is shown in Fig. 2.
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Fig. 2. Device for studying the oxidative stability of fuels
and lubricants TCPT-2M

The method consists in the oxidation of a sample
of fuel or lubricating material in the presence of
copper as a catalyst at a temperature of 150 °C for 4
hours, followed by quantification of the formed
precipitate.
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It should be mentioned that the evaluation of
oxidative stability is carried out only for gasoline, by
the induction period, fuels for jet engines, diesel
fuels, especially of vegetable origin (biodiesel),
vegetable fats.

The same techniques and equipment can be used
to assess and study the oxidative stability of oils.

The TCPT-2M device is designed to study the
thermal stability of jet fuels. It is a metal electronic
thermostat with four hermetically sealed stainless
steel bombs. A manometer is placed to control the
tightness of each bomb. The pressure must be at
least 0,02 MPa. The constant temperature in the
apparatus (150 °C) is maintained with an accuracy
of = 2 °C and monitored by a thermometer. The
volume of one bomb is 225 — 250 cm?, the ratio of
volumes of fuel (lubricant) and air in the bomb is
1:3.

The device is heated to 150 °C to perform the
study, and then prepared bombs with oil samples are
placed in it [3]. After 1 hour the temperature reaches
150 °C. After 4 hours from the start of the test, the
bombs are removed from the device and cooled to
the room temperature. Then the bombs are opened,
their contents are washed with a solvent and filtered.
The precipitate is transferred to a filter from beakers,
sticks, copper plates by washing them with a
solvent. Then the filters are placed in cups used for
drying and weighing, and the filters are dried to a
constant weight.

The mass concentration of a sediment (Cced), Mg
per 100 cm? is calculated by the formula:

Ceed=2 ( my — ml),

where my is the mass of the beaker for weighing with
a clean filter, mg;

m; is the mass of the beaker for weighing with
sediment on the filter, mg.

The change in the concentration of the precipitate
was observed during the study depending on the
concentration of fullerene, which was added as an
additive to improve the antioxidant properties.
Castrol Magnet SAE 5w-30 car engine oil was
selected for the investigation. The test results are
shown in Table.

4.2. Determination of fullerene concentration
in solution

Fullerenes are the only soluble form of carbon, so
the study of their solubility in different solvents has
both fundamental and applied importance.

All known methods of analysis can be classified
by the nature of the interaction of the substance with

various types of external influences, and by the
properties of the substance that can be determined
by these methods.

Table

The results of investigation of oxidative stability of
oil Castrol Magnetec SAE 5w-30

Compositio Fullerene Precipitate
E concentration, | concentration,
g/kg mg/100 cm?
SAE _ 16
5w-30
SAE 0.008 154
5w-30 + Cgp
SAE 0.012 135
5w-30 + Cgp
SAE 0.02 10.6
5w-30 + Cgp
SAE 0.032 81
5w-30 + Cgp
SAE 0,041 8.05
5w-30 + Cgp

Photoelectrocolorimetric method is one of the
most common and simplest ways to determine the
amount of substance in the solution. It is more
objective compared to visual colorimetry and gives
more accurate results. The light flux is partially
absorbed when passing through the colored liquid.
The rest of the light flux falls on the photocell
causing the formation of an electric current, which is
registered by an ammeter. More concentrated
solutions have higher optical density, higher degree
of light absorption, and, accordingly, the lower
strength of the resulting current.

There is a direct proportional dependence
between the optical density and the concentration of
the substance in the solution and further research
were based on it.

A photocolorimetric measurement of solutions of
fullerene Ceo in toluene solution with different
known concentrations of fullerenes was performed
to establish the unknown concentration of fullerene
Ceo in toluene solution. Then a calibration graph of
dependence for a certain wavelength of optical
density on the fullerene concentration was built. The
corresponding calculations of the unknown
concentration of Ceo fullerene in toluene solution
were performed using obtained dependence.
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Fig. 3 represents dependence of the optical density
of fullerene solutions in toluene (with different
concentrations) on the wavelength.
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Fig. 3. Absorption spectra of fullerene solutions Cgo in
toluene. Fullerene Cgo concentration beginning from the
upper curve (1-6): 1 — 0,56 mg/ml; 2 — 0,45 mg/ml; 3 —

0,38 mg/ml; 4 — 0,28 mg/ml; 5 — 0,23 mg/ml; 6 —
1,14 mg/ml; 7 — unknown concentration Ceo

A calibration graph for the selected wavelength
(540 nm) was built to calculate the unknown
concentration of Cg in the solution (Fig. 4).

A Trendline was added on the curve on the graph
using the capabilities of Microsoft Excel.
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Fig. 4. The graph of dependence of optical density (D)
on fullerene concentration (C) for the wavelength 540 nm

Thus we obtain a mathematical description of the
Trendline in the form of an equation:

y =1.678x + 0.409,

and calculate the concentration of Cso in a solution
of toluene by the equation:

y =1.678x + 0.409,
y = 1.95,

hence x = (1.95-0.409) / 1.678 = 0.92 mg/ml,

Thus, 0.92 mg/ml is the concentration of fullerene
Cso in the solution.

This is a fairly high concentration of fullerene in
solution, but it is possible to determine lower
concentrations using this technique.

5. Discussion of results

The device TCPT-2M designed to determine the
thermal stability of jet fuels was used to evaluate and
study the oxidative stability of oils.

It was observed a change in the concentration of
the precipitate during the analyzes depending on the
fullerene concentration, which was added as an
additive to improve the antioxidant properties.
Castrol Magnet SAE 5w-30 car engine oil was
selected for the investigation.

The performed investigation showed that
increasing the concentration of fullerene Cgo leads to
a decrease in the content of resins in the oil, which
indicates the antioxidant effect of the additive. The
additive concentration of 0.03-0.04 g/kg gives a
slight decrease in resin formation, which makes it
possible to determine the optimal content of the
additive in the oil.

An important factor is the approbation of the
photocolorimetric method for determining the
concentration of fullerene in oils and other
hydrocarbon liquids, which is the simplest and the
most accessible, and the possibility of its application
in petrochemistry has been proved.

6. Conclusions

It have been determined the optimal content of
fullerene additive in the oil, which is 0.003-0.004
mass %. The use of fullerenes as an antioxidant
additive significantly improves the thermal oxidative
stability of oils and is a promising area of research.

The efficiency of using the photocolorimetric
method to establish the unknown concentration of
Ceo fullerene in solutions was confirmed. It is proved
that this method is quite accurate and does not
require large costs. Thus, it is possible to determine
the concentration of fullerene additives in fuels and
lubricating materials.
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OxmncHa cTa0iJIbHICTh 3MAIyBAJIBHUX MaTepiadiB 3 QyJepeHOBHMH HAHONPHCAAKAMH
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Meta: Meror gaHOI CTarTi € JIOCHIDKEHHS MOMKIJIMBOCTI 3aCTOCYBaHHS (DYJIEPEHOBHX IPUCAIOK IO
MaJMBHO-MACTUIBHUX MaTepiasliB JUIS TOKPAIIEHHS X OKMCHOI CTaOUIBHOCTI Ta BU3HAYCHHS KOHIICHTPAIII
HAHONPHUCAJIOK Y BYTJICBOAHEBUX po3unHax. Metoau: Y CTAaTTI PO3MIISIHYTO METOJ MiJBUIIEHHS OKUCHOI
crabiuipHocTi onuBu Castrol Magnetec SAE 5w-30 musixom no6aBku ¢ynepery Ceo, @ TAKOXX METOIUKY
BH3HAYEHHSI BMICTY HAHONPHUCAIOK y BYIJIEBOJAHEBUX pinuHax. PesynpraTm: Bu3nadeHo ontumainbHi
KOHIIEHTpalii (yJepeHOBUX MPHUCATOK Ta PO3POOIECHO METOAMKY (DOTOKOIOPHMETPUYHOTO BH3HAYECHHS iX
KOHIIEHTpAaLil y 3MallyBaJbHUX Marepiana, OTpUMaHi JaHHI ONTUYHUX BIacTUBOCTeW po3uuHiB Ceo Ta
MPOBEIEHI PO3paxyHKH KUIbKICTI Qynepeny y po3unHi. OO0ropopeHHsi: 3anpornoHOBaHO BHUKOPUCTAHHS
(dyJIepeHiB B AKOCTI aHTHOKHUCHIOBAJIBHOI MIPUCAJIKH, 1110 3HAYHO MOJIIIIIYE TEPMOOKHUCHY CTA0UIbHICTh OJIUB
Ta METOJMKY BH3HAYEHHS 1X BMICTY

KarouoBi cioBa: BmicT (yliepeHiB, 0JIMBa, OKHCHA CTAOUIBHICT, ONTHYHA T'yCTUHA, CMOJIH, (YJIEPEHOBI
pucaaku, GOTOEICKTPOKOIOPUMETP

B.B. €Epumenxo’, T.B. Kpapuyk?, O.B. Epumenko®

OKHCIUTENbHAS CTA0MIBHOCTD CMA309HBIX MATEPHAJIOB ¢ (y/JIePEeHOBBLIMM HAHONPHCATKAMHE
123 HanmonaneHeIi aBualmoHHbIi yauBepcurer, Jlio6omupa I'ysapa, 1, Kues, 03058, Ykpanna

E-mails: Ye.valerij.ua@gmail.com; 2tatianaworknau@gmail.com; 3S94000@ukr.net
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MPUCATOK K TOPIOYE-CMAa30YHBIX MaTepHajoB Ui YIY4YIIEHHS WX OKHUCIUTEIHHONW CTaOMIBHOCTH U
ONpeAeNeHNs] KOHLEHTpPAllMd HAHONPHCAJOK B YIJIEBOJOPOJIHBIX pacTBopax. Metoasl: B cratee
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pPacCMOTPEH METOJI MOBBIIICHHST OKHCIUTEIbHOM cTabmabHOCcTH Macia Castrol Magnetec SAE 5w-30 mytem
nobasku (ymnepena Ceo, @ TaKkKe METOJIUKY OTNPEENICHNsI COACPKAaHHUS HAHOTIPUCAJOK B YIIIEBOJOPOIHBIX
KHUIKOCTAX. Pesyabrarel: OmnpeneneHsl ONTHMaldbHBIE KOHIEHTpanuu (yUICPEHOBHX IPUCATOK |
pa3paboTaHa MeToAuKa (OTOKOJIOPUMETPHUUECKOTO ONPEACICHUS] WX KOHLEHTpPAlUh B CMAa304HBIX
MaTepHaia, MojydeHHbIe JaHHbIE ONTHYECKHX CBOHCTB pacTBOPOB Ceop M MPOBEACHBI pacueThl KOJHMYECTBY
¢ymnepera B pactBope. O6cyxnenue: IlpemroxeHo wucnonp3oBaHne (yIEpeHOB B KadecTBE
AHTHOKUCIIMTEIFHOM MPHUCAIKH, 3HAUNTEIHHO YIIYUIIAIONIYI0 TEPMOOKHCIUTEIbHYIO CTAOMIBHOCTH Macel ’
METOAMKY ONpEACTICHUS UX COACPKAHHUS.
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