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Abstract. During the maintenance of private vehicles, a stream of consumer waste is
generated in the form of containers with engine oil residues. When choosing methods for
handling such waste, it is necessary to have quantitative indicators of the tare weight and the
volume of engine oil remaining after use. Containers contaminated with motor oils during
disposal, neutralization and disposal due to the emission of oil residues create increased risks
of man-made impact on environmental objects. The purpose of the study is to determine the
volume of motor oil remaining after emptying under various conditions. Viscosity, temperature,
runoff angle of engine oil was taken into account as changing conditions. Laboratory studies
made it possible to establish that when disposing containers made of HDPE (from 1 to 30 liters),
in which engine oil was placed, the waste may contain from 1.5 to 15% of oil products. The
smaller the tare volume, the higher the percentage of oil product residues in relation to the tare
weight. It is proposed to use K indicators to assess the emission of oil products from containers
during its disposal, which allows quantifying the volume of engine oil that can enter the
environment during disposal or disposal.
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AnnoTanus. [Ipn TexHIIeckOM 00CTYKHBaHUH YACTHBIX TPAHCIIOPTHBIX CpeAcTB (op-
MUpPYETCsS OTOK OTXOJI0B MOTpeOIeHNs B BUIE Tapbl C OCTaTKaMU MOTOPHOT0 Macia. [Ipu BbI-
0ope MeTo/I0B 0OpalleHus! C TAKUMHU OTXOJAaMH HEOOX0IMMO UMETh KOJHMUECTBEHHbIE IT0Ka3a-
TEJIN MacCHl Taphl ¥ 00BEMa MOTOPHOTO Macila, OCTAIOIIETOCS ITOCTIe e¢ UCTIoNIb30BanHus. Tapa,
3arpA3HeHHAass MOTOPHBIMH MacjaMy, NPU YTHIM3aluu, 00€3BpeKHBAaHWU M 3aXOPOHEHHUH
32 CUET AMHCCHUU OCTATKOB HE(TEMPOIYKTOB CO3JAET MOBBIIICHHBIE PUCKH TEXHOTCHHOTO
BO3/ICHCTBHUS HAa OOBEKTHI OKpY Karomiei cpensl. Llenb uccnegoBanms — yCTaHOBUTH 00BEM MO-
TOPHOTO MAacla, OCTAIOIINICS ITOCTIE OIIOPOKHEHUS Taphl, IPH Pa3INIHBIX yCIOBUIX. B kade-
CTBE M3MEHSIOUIMXCS YCIOBUM ObUIM MPUHATHI BO BHUMaHHUE BA3KOCTh, TEMIIEpPATypa, Yo
CTEKaHUS MOTOpHOTO Macia. JlabopaTopHbIe HCCIIeOBaHNS O3BOJIMIIN YCTAHOBHUTD, UTO MIPH
YTUIH3AIUH Tapbl u3 noiaumdtuneHa Huszkoro paeineHus ([TH) (ot 1 mo 30 1), B koTopoii pas-
MeIIaJ0Ch MOTOPHOE Macilo, B 0TX0JIaX MOXeET cofepkarbes oT 1,5 1o 15 % HedrenpoaykTos.
UeM MeHbIIe 00bEM Tapbl, TEM BHIIIE MPOIEHT OCTATKOB HE(PTEIPOIYKTOB MO OTHOIICHUIO
K Macce Tapel. [lpeanokeHO I OLECHKH SMHCCHH HEPTEHPONYKTOB W3 Taphl, NPH ce
YTHIU3aUH, UCIOJIb30BaTh Moka3aTenu K1, MO3BOJISIONINE OLEHUTh KOJMYECTBEHHO 00BEM
MOTOPHOTO Maciia, KOTOPOE MOXET MOCTYNUTh B OKPYKAIOIIYIO Cpely NpU YTHIN3ALUU U
3aXOpPOHECHUM.

KuroueBsle cjioBa: 3ko010rus, HeQTENPOLYyKTHl, MOTOPHOE Macio, YTHINU3aus, TOIH-
STHJIEH HU3KOTO AaBIIECHHS, SMUCCHUS
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Introduction

For transportation and temporary storage of petroleum products used for
private consumption, containers made of polymeric materials are used. Of the wide
variety of petroleum products used for vehicle maintenance, motor oils can be
distinguished. According to the research company Russian Automotive Market
Research, motor oil consumption in Russia in 2023 will be 976 million liters, which
will require more than 260 million plastic containers. For the production of
packaging, high-density polyethylene (HDPE) is used. The commonly used
container volume is from 1 to 30 liters. Containers contaminated with motor oils
during neutralization and disposal increase risks of man-made environmental
impact due to the release of oil residues [ 1-5]. Motor oils contain a large amount of
chemicals having a significant impact on the environment. Motor oils are composed
of liquid mixtures of isoparaffin, naphthenic, aromatic and naphthenoaromatic
hydrocarbons; oxides and sulfates of Ba, Ca, Mg; heavy metal compounds;
polyolefins, diesters; sulfonates; salicylates, etc.

The use of the HDPE waste material resource to obtain secondary granules
and other products requires thorough cleaning of waste from various contaminants.
The presence of oil products in waste increases the consumption of detergents by
several times and forms a secondary waste stream in the form of sludge [6—11]. The
developed technologies for using the material resource of consumption waste from
HDPE, without preliminary purification, in order to obtain high-performance
physical and mechanical characteristics, require quantifying the content of engine
oil in the composition of the HDPE waste [12].

In order to assess the risk of possible release of petroleum products from
containers into the environment, calculate the amount of detergents used in
preparing containers for disposal, and establish the technological parameters of
various methods of disposal that are sensitive to the content of engine oil,
it is necessary to estimate the volume of engine oil remaining in the container after
its use.

The purpose of the study is to establish the volume of engine oil remaining in
the container under various conditions.

Materials and methods

To assess the volume of engine oil that can remain in the container after it has
been emptied, containers made of HDPE with a capacity of 1, 4, 10, 20, 30 liters
were used as objects for research (LLC “TARAPLASTIC” Moscow city). As oil
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products, oils 80w-90, 15w-40 and 10w-40 (LLK-International LLC) most widely
used in the technical service of vehicles and technological machines, were used. An
HDPE sheet was used to determine the thickness of the oil layer. The experiment
was carried out at a temperature of 20So and 40So, the oil flow angle was set to 60°
and 90° to the horizon, thereby simulating filling from containers. The thickness of
the oil layer (%), which is formed by flowing down an inclined surface, was
determined by the calculation method based on the ratio # = V/S, where V' is the
volume of oil (the volume used was 0.5 ml), S is the area occupied by this volume
running down an inclined surface. The kinematic viscosity of oils at temperatures
of +20 °C and +40 °C was determined using a viscometer.

Results and discussion

The physical properties of engine oil and the temperature determine the
volume that will remain in the container after it has been emptied. When in contact
with the container material, engine oil forms a film, which is due to the lubricity
(stickiness) of the engine oil, i.e. the ability to wet surfaces well and form strong
adsorbed films on them. The viscosity of the engine oil, the ability to adsorb
determine the thickness of the film that is formed on the surface of the container
when it is emptied. The volume of engine oil will be determined by the internal area
of the container.

Using the data of the container manufacturer, the surface area of the container
was determined, see Table 1.

Table 1. Characteristics of containers for engine oil

Index Tara
Volume, liter 1 4 10 20 30
Length, mm 80 241 233 272 285
Width, mm 83 102 185 272 280
Height, mm 220 306 308 371 527
The area of Fhe mnerzsurface 85.10° 259.10° 343.10° 552.10° 755.10°
of the container, mm
Weight of empty containers, gr 70 240 460 805 1100

From the calculation presented in Table 1, it can be concluded that when using
containers of a smaller volume, a greater amount of waste is generated by weight,
causing a higher level of technogenic load on the environment. The lower this
indicator, the lower the energy and material costs for waste disposal.

The thickness of the oil layer (#) formed by flowing down an inclined surface
was determined by the calculation method based on the ratio 4 = V/S, where V' is
the volume of oil (1 ml), S is the area occupied by this volume during flowing.
Kinematic viscosity of oils at temperatures +20 °C and +40 °C was determined
using a viscometer. The slope angles of the engine oil drain surface are selected in
the range of 60—90 degrees (typical for draining from a container). The obtained
data is presented in Table 2 and 3.
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Table 2. Estimated value of oil layer thickness at +40 °C, mm

oil Kinematic "'s(°C°s)'tV’ at+40°C, Tilt angle 60° Tilt angle 90°
’st,
80W-90 144 0.090 0.072
15w-40 106 0.065 0.034
10w-40 79 0.045 0.022
Table 3. Estimated value of oil layer thickness at +20 °C, mm
oil Kinematic "'S(cc°‘°')'ty' at+40°C, Tilt angle 60° Tilt angle 90°
st
80W-90 280 0.125 0.093
15w-40 168 0.095 0.055
10w-40 115 0.068 0.038

The thickness of the engine oil layer is influenced by the viscosity of the oil,
which in turn depends on the temperature of the oil. Draining the engine oil from
the container at a higher temperature reduces the layer of engine oil that is formed
on the inside surface of the container.

Using the obtained area of the inner surface of the container (see Table 1) and
the size of the layer that is formed under various conditions (see Tables 2 and 3),
the estimated amount of engine oil remaining in the container after its emptying
was determined. The calculation of the volume of oil remaining in the container at
various temperatures is presented in Tables 4 and 5.

Table 4. The volume of engine oil in the container after emptying at an angle of 60°, ml

oil Tara, liter

1 4 10 20 30

80W-90 npu +20 °C 10.6 324 42.9 69.0 94.4
npu +40°C 7.7 23.3 30.8 49.7 67.9

15w-40 npu +20 °C 8.1 24.6 32.6 52.4 71.7
npu +40 °C 5.5 16.8 22.3 35.9 491

10w-40 npn +20 °C 5.8 17.6 23.3 37.5 51.3
npu +40 °C 3.8 11.7 15.4 24.8 34.0

Table 5. The volume of engine oil in the container after emptying at an angle of 90°, mi

oil Tara, liter

1 4 10 20 30

npn +20 °C 7.9 24.0 31.9 51.3 70.2

80w-90 npn +40 °C 6.1 18.6 247 39.7 54.4
1Sw-40 npn +20 °C 46 14.2 18.9 30.4 415
npu +40 °C 2.8 8.8 1.7 18.8 257

npn +20 °C 3.2 9.8 13.0 20.9 28.7

10w-40 npn +40 °C 1.9 57 75 12.1 16.6

Using the obtained data, it is possible to estimate how much engine oil will
enter the environment when the used containers are placed at the landfill. When
using 1 container of 30 liters, from 94.4 ml to 16.6 ml of engine oil is released into
the environment. Using 30 1 liter containers, from 318 ml to 57 ml of engine oil
enters the environment resulting in 3.2-3.4 times higher technogenic load.

274 IMPOMBIIIIJNIEHHA S SKOJIOT'UA



Salakhova V.K. et al. RUDN Journal of Ecology and Life Safety. 2023;31(2):270-277

Using the above data on engine oil residues in containers, it is possible to
calculate how much engine oil will go to the MSW landfill or disposal line per one
ton of HDPE containers. The data is presented in Table 6.

Table 6. The volume of engine oil in the container after emptying

Index Tara
Volume, liter 1 4 10 20 30
Weight of empty containers, gr. 70 240 460 805 1100
Number of containers in 1000 kg, pcs 14285 4166 2174 1242 909
The volume of engine oil in containers
after emptying at +20°C, at an angle 151.4 133.3 93.3 85.7 85.8

of 60° (per 1000 kg of container), liter
The volume of engine oil in a container
after emptying at +40°C, at an angle 27.1 23.7 16.3 15.0 15.1
of 90° (per 1000 kg of container), liter
Percentage of engine oil residues

in containers K, %

15.1-2.7 | 13.3-2.3 9.3-1.6 8.5-1.5 8.5-1.5

Analyzing the above data, we can conclude that when disposing HDPE
containers upon usage of motor oil or other petroleum products, they can contain
from 1.5 to 15% of petroleum products. It has been established that the smaller the
container volume, the higher the percentage of oil product residues in relation to
the container weight. This circumstance increases the material costs for the
preparation of waste for recycling and requires separate collection of containers of
small volume (up to 4 liters) and containers of a larger volume (more than 4 liters)
or the development of a recycling technology that allows the use of the material
resource of HDPE and engine oil in one technological process. To assess the release
of petroleum products from containers during their disposal, it is proposed to use
the indicator K1, which determines the amount of release of engine oil, coming with
waste containers to the MSW landfill or to the line of preparation for disposal. Due
to the fact that the content of engine oil residues in a container depends, to a large
extent, on the viscosity of the oil, temperature, the angle of inclination of the runoff
surface, the calculation of the K1 indicator must be made taking into account the
above conditions for each type of engine oil. The general dependencies obtained
for engine oil will be typical for other petroleum products.

In the course of the study, it was additionally found that crushed containers
contaminated with motor oil, in prescribed quantities, can be successfully used for
the production of organo-mineral mixtures used for road construction. Combined
use of HDPE and engine oil in asphalt concrete, according to preliminary data,
allows to increase the indicators of shear resistance, crack resistance, maintain the
bending strength of asphalt concrete at low temperatures. Determining the optimal
content of HDPE and motor oil in the composition of asphalt concrete requires
additional research. This technology makes it possible to use waste containers
contaminated with engine oil without prior cleaning. Due to this, a reduction in
material and energy costs will be achieved, which, in general, will make it possible
to create a resource-saving technology for the disposal of containers contaminated
with engine oil.
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Conclusion

The data obtained during the study led to the following conclusions:

1. The amount of oil products release from containers used for temporary
storage and transportation of engine oil depends on its volume, ambient
temperature, oil viscosity, runoff angle.

2. When disposing of used containers, it is necessary to take into account that
depending on the volume of containers, the content of oil products can vary from
1.5 to 15% of the weight of the container being recycled.

3. Itis proposed to assess the environmental performance of packaging, using
the container indicator K1, which allows quantifying the volume of engine oil that
can enter the environment during disposal. The quantitative index of the
environmental friendliness of the container must be set individually, taking into
account the conditions for emptying the container and the physical characteristics
of the oil product.

4. The established amount of engine oil, for containers of various volumes,
can serve as a guideline for choosing a method or technological processes for its
disposal. With such a quite accurate assessment of the material flows generated
during the disposal of HDPE containers contaminated with motor oil, it is possible
to develop a recycling technology without preliminary cleaning of containers. Such
technology can be the combined use of the material resource of HDPE and engine
oil in the production of asphalt concrete mixtures.
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