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Abstract

The article considers the possibility of involving in the technological production of commercial greases,
secondary polymeric raw materials represented by such polyolefins as high and low density
polyethylene (LDPE and HDPE) and polypropylene (PP). The results of laboratory studies of the
obtained greases samples are presented. On the basis of the obtained results, a scheme for the
production of greases is proposed, in which the stage of dispersion of components is realised by boiling
the polymer in the base oil. The proposed scheme makes it possible to reduce the degree of grinding
of polymer raw materials, which reduces energy consumption and the duration of preliminary
preparation of the polymer thickener.

Keywords: Recycled raw materials; Polyolefins, Recycling, Greases,; Additives, Homogenization, Adhesion.

1. Introduction

Today, polymer waste is one of the main sources of environmental pollution. They are
formed both during production processes (production waste) and during economic activity
(consumptive waste) of the earth population. Moreover, this problem has become particularly
acute over the last two decades due to the rapid development of the technosphere and the
production of goods from cheaper and highly functional materials, which turned out to be
polymers: polyethylene, polypropylene, polystyrene, etc. At the same time, polymeric waste
accumulated at landfills and dumpsites of various sizes can be considered by industry as a
valuable secondary raw material for the production of lubricants, including preservation
greases, due to its properties.

2. Analysis of publications

Greases for various functional purposes are among the most expensive materials and, due
to their properties (capable of performing their functions under high loads and speeds of
movement of vertical friction surfaces), are in great demand in the global oil market [*1. With
the modern development of the oil refining and petrochemical industries, research is continu-
ously being conducted to reduce the cost of greases while simultaneous improving their func-
tional properties. For this purpose, various components (thickeners, fillers and additives) are
constantly added to their composition, which can significantly improve their stability, water
resistance, resistance to aggressive environments and expand the temperature limits of their
use [2-4], One of these components are liquid and solid polymers that are crushed and dis-
persed in the volume of the greases.
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An alternative family of high-quality liquid (HQL) lubricants obtained by the catalytic con-
version of polyolefin waste before and after consumption was proposed in [51. The resulting
lubricants were characterised by enhanced lubricating and anti-wear properties, which makes
it possible to use them as a dispersion medium for plastic lubricants. Recently, polymer-based
materials have been widely used as lubricants for functional hydrate lubrication [61. The effect
of the concentration of recycled low-density polyethylene (LDPE) on the rheology of lithium
greases and their relationship with the microstructure of the grease is presented in [71. Recy-
cled LDPE has been found to be an effective additive for changing grease rheology (increasing
the viscoelastic properties of the grease) acting as a filler in the entangled soap microstructure.

Polymers (polyethylene, polypropylene, polyisobutylene, halogenated polyethylene, poly-
methacrylate, and polyurea) incorporated into the grease structure can be used to improve
properties such as consistency, shear resistance, water resistance, adhesion, stickiness, and
soap performance. It was found that the type and structure of the polymer (polyisobutylene
and polyisoprene) significantly affect the properties of complex lithium grease, including low
flow temperature, thickening efficiency and shear resistance [8],

Thus in paper [®1 a new microstructure of polymeric grease consisting of amorphous poly-
propylene nanoparticles evenly distributed in the base oil was discovered. Such a grease
demonstrates excellent stability and fluidity. With the absence of crystallisation and a mesh
thickener structure, it has the potential to be used at extremely low ambient temperatures.

The influence of polyisobutylene (PIB), ethylene-propylene copolymers (OCP), styrene-hy-
drogenated butadiene (SBR), styrene-hydrogenated isoprene (SI), radial hydrogenated poly-
isoprene (Star), acid-treated polymer (FP), polymethacrylate (PMA), styrene ester copolymers
(SE) and styrene-ethylene-butylene copolymer (SEBCP) on the properties of aluminium
greases was investigated. It was found that polymers in the form of liquid, gel, powder and
granules increased the shear resistance and water resistance of greases, and also contributed
to an increase in grease yield of up to 17% [10],

Plastic lubricants obtained by mixing (within 1-3 hours) ethylene/propylene copolymer
treated with acid anhydride (OCP-A) and OCP-P at 90 °C in the base lubricant had high water
resistance and adhesive properties and low penetration values [11],

There are a number of works in which it is proposed to use polyethylene as an additional
component of plastic lubricants. So, for example, the authors of the paper [12] suggest using
low-molecular-weight polyethylene (waste from the production of high-pressure polyethylene)
as a dispersed phase in the production of plastic lubricants.

In paper 131 it was proposed to add various waste and pure polymers (polyethylene, poly-
propylene, and EVA copolymer) to lithium grease to modify its viscosity. It has been found
that recycled polymers improve the rheological properties of grease more significantly than
the original materials. However, in cases where the grease containing such polymers was
subjected to significant mechanical stress, a slight deterioration in its stability was observed.

Research was conducted in the direction of the production of plastic lubricant by adding a
mixture of polypropylene and high-density polyethylene (PP+HDPE) to a mixture of basic par-
affinic mineral oils of group I and group II (kinematic viscosity at 40 °C is 160 mm2/s), which
are produced by the company Indian Oil Corporation Ltd. (Faridabad, India). In the result a
plastic lubricant with high rheological properties was obtained [14],

Based on the mixing of two components, molten polypropylene or low-density polyethylene
in a base oil and a base oil thickened with sodium stearate, a plastic lubricant is obtained that
is 80-85% more resistant to the action of water than a conventional sodium lubricant [15],

But a significant drawback of these studies is that the addition of polymers was carried out
in distillate fractions or in commercial greases, and the issues related to the use of these
additives in used lubricating oils without deep cleaning of the latter were practically not considered.

Taking this into account, the authors of papers [16-18] proposed the production of plastic
lubricants for various functional purposes on the basis of used lubricating oils (process, hy-
draulic, motor and transmission) and prepared (washed, dried and crushed) recycled high and
low density polyethylene (LDPE and HDPE) and polypropylene (PP). This area is very promising and
can be implemented using various technologies with further integration into existing production.
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3. The objective of the research

It is known that one of the main directions that characterizes the technical and economic
efficiency of production (including the production of plastic lubricants) is the reduction of the
harmful impact on the environment caused by raw materials, the production process itself and
the waste generated during the production. Considering this, the goal of this research is the
development of a waste-free technology that uses solid crushed polymeric materials as raw
materials - production and consumption waste, and the target product is preservation greases
with a high level of performance properties. In accordance with the objective, the materials
and methods of the research were further defined.

4. Materials and methods of the research

To achieve the research goal, used products made of low-density polyethylene (LDPE) and
high-density polyethylene (HDPE) and polypropylene (PP) were selected as a secondary poly-
meric material - a thickener for plastic lubricants. These products were washed from impuri-
ties, dried and crushed to a particle size of 1x1 mm. The dispersion medium to which the
polymeric thickener was added was used semi-synthetic motor oil SAE 10W-40 API SL and
SAE 5W-30 API SN. The identified materials were mixed in a ratio of 1:1-3:1, placed in a
laboratory apparatus (a glass flask (V=1 dm?3) with a connected reverse water cooler for cool-
ing, condensation, and returning of low-boiling oil vapours to the reaction volume) and kept
at a temperature of 260-270°C (boiling point of motor oil) for 2 hours. Subsequently, the
obtained mixture was cooled and studied using a high-speed laboratory centrifuge (rotation
speed of the centrifuge rotor up to 8000 rpm) to determine the adhesive properties of plastic
lubricants [19] and standard research methods: method for determining penetration (ASTM D
1403-10(E)), method for determining water resistance (DIN 51 807/1), method for determin-
ing corrosion on metal (ASTM D4048), method for determining melting point (ASTM D 127),
colloidal stability (ASTM D 1742), flash point (ASTM D 92).

5. Results and discussion

In accordance with the selected materials and research methods, as a result of experi-
mental studies of the obtained product samples, the results were obtained and presented in
Table 1.

Table 1. Properties of the products obtained.

Ne Name of the indicator Units Actual value of the indicator
1. Colour B From light yellow to brown
2. Appearance - Homogeneous paste
3. Compliance with classification NLGI Class 00/1/2/3/5
4, Melting point, °C °C 89-127
5. Colloidal stability % 5-7
6 Flash point °C 215-225
7. Water resistance - Resistant
8. .
Corrosive effect on metals - Withstands
(copper, steel)
9. Penetration at 25°C, within mmx10-1 149-438
10.  Adhesive properties, rpm rpm 2850-6000

The information presented in Table 1 shows that using the selected materials and their
processing technology, it is possible to obtain a product that meets the requirements for
preservation greases by its properties. Comparing the obtained products with NYCO 65 VAS-
ELINE (TECHNICAL PETROLATUM (GREASE)) [2°] which is often used as a grease and is a part
of some anticorrosive protective mixtures, we note that their melting point is 39-77°C higher
than its value, which significantly expands the temperature range of their use. By adding anti-
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corrosion additives to the obtained products, it is possible to obtain greases, which in terms
of their protective properties will approach the greases of the Mobilarma 700 series [2],

In addition to the indicators presented above, the adhesive properties of the obtained greases,
which are among the most important operational properties, were also determined. Adhesive
properties of greases were determined for the obtained samples of greases with a range of
concentrations of polymer thickener content at the level of 50% to 75% (see Fig. 1).
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Figure 1. Dependence of adhesive properties on X: 1 - HDPE; 2 - LDPE; 3 - PP

Within the studied concentrations of the polymer thickener, all grease samples showed
fairly high adhesive properties, ranging from 2550 rpm for samples with 50 % thickener to
6000 rpm for samples with 75 % thickener. The best adhesive properties among the tested
samples are those containing 75% polymer, which is explained by the ability of the polymer
to retain liquid base oil in the grease volume. Among the polymers, HDPE has the best adhe-
sive properties while PP has the worst due to the structure of the polymer and its properties,
in particular, the ability to swell when interacting with a liquid medium. It is known that in a
grease, without the presence of special adhesive additives, the adhesive properties are deter-
mined by the liquid base oil, which forms an absorption layer on the metal surface [22], In case
the polymer has a high degree of swelling, the amount of oil is no longer enough to create a
strong layer on the metal surface, which leads to the deterioration of the adhesive properties
(detachment of the grease from the metal surface, for example, under the influence of cen-
trifugal forces).

On the basis of our research, we propose a technology for the production of greases that
is implemented according to the scheme shown in Fig. 2. This scheme is more simplified than
the scheme presented in paper [221, The main difference between these schemes is that the
stage of dispersion of the components using a mechanical stirring device was replaced by the
stage of boiling the polymer in the base oil. With this approach, it is possible to reduce the
degree of grinding of polymer raw materials, which reduces the energy costs and the duration
of preliminary preparation of the polymer thickener, as well as increase the safety of produc-
tion due to the absence of elements that have a significant mass and rotate at high speeds.

According to the given scheme, after preliminary coarse grinding, the polymer (flow I) was
loaded into the reactor (2), where the prepared dispersion medium (flow II) from the container
(1) is supplied by the pump (12). In the reactor (2) for 1800-3600 seconds the dispersion
medium in which the dispersed phase (polymer) is dispersed, is boiled at a temperature of
240-270 °C with the removal of vapors that pass through the heat exchangers (4, 5) and
enter the separator (6), where the destruction gases (flow IV) are separated from the solvent,
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which is returned to the reactor (2) by the pump (12). Gases of destruction, represented by
C2-C3 hydrocarbons, which are produced in the amount of 1.0-3.0% of the row material, are
combusted and the resulting heat energy is used to power the plant's electrical equipment.
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Figure 2. The principle scheme of obtaining greases from secondary raw materials: 1, 10 — containers;
2 - reactor; 3, 4, 5 - heat exchangers; 6 — separator; 7 — mixer; 8 — cooler; 9 - homogenizer; 11, 12,
13 - pumps; I - crushed polymer; II - solvent (dispersion medium); III - anti-corrosion additive;

IV - gases of destruction; V - grease

From the bottom of the reactor (2) the pump (13) through the heat exchanger (3) removes
the product, which is cooled by pumping the dispersion medium from the container (1) through
it. At the same time, the dispersion medium is preheated (to a temperature of 140-160 °C)
in the heat exchanger (3). If necessary, the resulting product is mixed with an anti-corrosion
additive in the device (7). The anti-corrosion additive is supplied from the container (10) by
the pump (11). Next, the mixture enters the cooler (8), where the formation of the structure
of the grease begins. The final formation of the grease structure is carried out in the homog-
enizer (9), where the resulting mixture is pressed under high pressure through holes with a
diameter of 80-100 microns. The finished grease comes out of the homogeniser (9) (flow V).

6. Conclusions

Today, the involvement of secondary hydrocarbon raw materials in the technological pro-
cess of production of fuels and greases, in particular greases, is a very promising area of
utilisation of rather hazardous industrial and household waste.

The most promising from the wide variety of secondary raw materials for the production of
greases are waste polyolefin products (HDPE, LDPE and PP), which are capable to provide the
marketable product with a fairly high potential of properties (water resistance, melting
point/drop point, resistance to chemicals, etc.) and are easily processed in a liquid medium -
semi-synthetic and synthetic lubricating oils.

The samples of the obtained greases according to melting point (89-127 °C), penetration
(149-438 mm x 1071), colloidal stability (5-7 %), water resistance, and corrosion action on
copper and steel, adhesion properties (from 2550 rpm for samples with 50 % thickener to
6000 rpm for samples with 75 % thickener) can be used as an independent grease or to create
grease compositions for a wide range of functional purposes (e.g. antifriction, protective, etc.).
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