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Abstract. The paper examines an influence of the regeneration efficiency of the developed anti-wear additive on
tribological properties of the lubricating composition, including a lubricating oil and the additive. The anti-wear addi-
tive was a layered friction modifier — molybdenum diselenide MoSe,, mixed in the volume of a composition of un-
saturated fatty acids — stearic acid and oleic acid. Lubricating oil M-16G2TSS was chosen as the base lubricant, with
respect to which the tribological properties of other lubricants submitted for testing are compared. For all cycles
of tests, a volume of no more than 25 cm® of lubricant was used to avoid high thermal inertia when the test samples
moved on the friction machine. Experiments of the regeneration of the additive were carried out on a rotary mixing
unit of the author's design, and the solution has a long storage period of 8 640 hours (about 12 calendar months). The
possibility of restoring the uniform distribution of molybdenum diselenide throughout the volume of the additive in
a suspended state has been revealed. This lubricant composition, after restoration of the structure by stirring, can be
used in the production of a lubricant composition based on M-16G2TSS oil. Using a reciprocating friction unit
of a friction machine, simulating the cylinder-piston group of a marine diesel engine, the resulting lubricant composi-
tion was compared with other lubricants based on molybdenum diselenide, the additive solutions of which have dif-
ferent storage periods before being added to the lubricating oil, as well as with the base lubricating oil. The assessment
of the tribological properties of lubricants based on M-16G2TSS oil by determining the weight wear and further using
this value to estimate the resource of the friction unit has been made. Rotational regeneration has shown satisfactory
effectiveness in partially restoring of the tribological properties of a lubricant composition with the participation of an
additive, but is not enough effective compared to rotational pulsation mixing of the additive in order to create perspec-
tive lubricant compositions.
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AnHoTtanms. PaccmatpuBaercs BiusHue 3G (EeKTHBHOCTH pereHepanuy pa3paboTaHHOH IPOTUBOM3HOCHOI NpHUCaIKH
Ha TpUOOTEXHWYECKHE CBOWCTBA CMa304HON KOMIIO3WIMH, BKIIOYAIOIIEH CMa30YHOE MAaclo M IAHHYIO HPHCANKY.
B kauecTBe NPOTHMBOM3HOCHOI HPHCAAKU BBICTYIAT CJIOWUCTBI MOJU(UKATOP TPEHMS — IUCENICHUI MOJHOICHA
MoSe,, nepeMenanHbIi B 00beMe KOMIIO3UIMH HEHACHIIIEHHBIX JKUPHBIX KACIIOT — CTEApUHOBOM U 0JIeMHOBOH. B Ka-
gyecTBe 0a30BOro CMa304HOr0 Marepuana BbIOpaHo cMmazouHoe Maciao M-161211C, oTHOCHTENBPHO KOTOPOTO BEAETCS
CpaBHEHHE TPUOOTEXHUYECKHX CBOWCTB IPYrHX CMa304HBIX MaTE€PHUANIOB, MPEACTABICHHBIX U UCHbITaHUH. J{7st
BCEX LMKIOB WMCIBITAHHIT HCIIONIB30BANCS 00BbEM He 6onee 25 CM’ CMA30YHOr0 MaTepHana BO M30EKAHHE BEICOKOI
TEIUIOBOM MHEPLUH MPU JBM)KEHUM HCIIBITYEMBIX 00pa3lOB HAa MAlIMHE TPEHUs. BBIOIHEHB! S3KCIIEPUMEHTHI 10 pe-
TeHepaluy MPHUCAJKH Ha YCTAaHOBKE POTAIMOHHOTO IEPEMEIINBAHUS aBTOPCKOH KOHCTPYKIMH, IIPU STOM pPacTBOP
HMEeT JUTHTENBHBIN cpok XpaHeHus — 8 640 4 (okono 12 kaneHIapHBIX MecsleB). BrisBIeHA BOZMOKHOCTh BOCCTa-
HOBJICHHSI PABHOMEPHOTO pacHpeieNIeHNs JUCeNICHUIa MOJIOIeHa 0 00beMy IMPUCAAKN BO B3BEIICHHOM COCTOSHHU.
JlaHHas1 cMa309YHAs] KOMITO3HIHS [IOCJIE BOCCTAHOBJIEHHS CTPYKTYPHI EPEMEIIMBAHHEM MOXET MCIOIb30BaThCS B U3-
TOTOBJICHUH CMa304HOI Komno3unuu Ha ocHoBe Macia M-16121[C. C ucnons30BaHHEM BO3BPaTHO-NOCTYIATEIEHOTO
y371a TPEHHS MALIUHbI TPEHUsI, UMUTUPYIOLIETO LIIMHAPOIOPIIHEBYIO TPYIIy CYAOBOIO AM3ENA, NOTy4YeHHAs: cMa-
304Hasi KOMIIO3UIIMS CPAaBHUBAJIACH C PSAAOM CMAa304HBIX MaTEpPHajoOB HA OCHOBE HCEIECHHIAa MOJIUOICHA, PAaCTBOPHI
MPUCAIOK KOTOPBIX A0 BHECEHHUS B CMA30YHOE MAacli0 MMEIOT Pa3IMuHbIE CPOKU XPaHEHHs, a TaKkke ¢ 0a30BbIM CMa-
304HBIM MaciioM. [Ipom3BeneHa oreHKa TPHOOTEXHHUYECKUX CBOHCTB CMAa30UYHBIX MAaTEpHAIOB Ha OCHOBE 0a30BOTO
macina M-161"21C meronoMm onpezneneHHus BECOBOIO M3HOCA U JAIBHEHIIUM HCHOJIL30BAaHUEM 3TOM BEIUYHUHBI JUIs
OLICHKU pecypca y3nma TpeHus. PoTammoHHas pereHepamus Iokasajla yIOBJICTBOPUTENBHYIO 3(QEeKTHBHOCTH B Ya-
CTUYHOM BOCCTaHOBJIEHHH TPHOOTEXHNYECKUX CBOHCTB CMAa30YHOM KOMITO3HIMU C y4acTHEM HMPHUCANKU, HO HEZOCTa-
TOYHO 3((EeKTHBHA IO CPABHEHUIO C POTALHOHHO-ITYIbCAIMOHHBIM IIEPEMEIINBAHIEM MIPUCAIKH B IEISX CO3MaHMs
MEePCIEKTUBHBIX CMAa30YHBIX KOMITO3ULIUH.

KiroueBble c10Ba: cMa304HbIil MaTepual, NPOTHBOM3HOCHAS NPHUCAJKA, pereHepalus MPUCAJKH, MAIIMHA TPEHHUS,
TPUOOTEXHUYECKHE UCTIBITAHNUS, TIOPLIHEBOE KOJIBLO, [IMINHAP, CPOK XPaHCHHS
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Introduction

Long-term storage of lubricants for a period of sev-
eral weeks to several months predetermines the deterio-
ration of their lubricating properties, associated primari-
ly with tribotechnical efficiency and oxidation [1-5].
When using motor lubricating oils, their long-term
storage can occur in several cases: preliminary storage
of oils before using on a ship, idle time of the ship
without operation of ship mechanisms and lubrication
systems. In both cases, lubricating oil can exhibit dete-
rioration in both tribological and oxidative properties
over a long period of storage. For modern marine lu-
bricating oils, a decrease in these properties can occur,
among other things, due to precipitation or general
degradation of the additive package included in their
composition. In particular, additives with solid layered
friction modifiers are susceptible to sedimentation phe-
nomena. In the author's researches of the tribological
properties of marine oils, this is stated in works [6-9]
using the example of the use of anti-wear additives
based on molybdenum diselenide.

These sources convincingly show for an additive [10],
that the preliminary storage period of more than 36-48
hours before being added to the lubricating oil deter-
mines the tribotechnical efficiency of the resulting
lubricating composition. Thus, in source [6], the au-
thors revealed a significant precipitation of the solid
component of the additive - molybdenum diselenide
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MoSe, during a storage period of 36-512 hours. It fol-
lows that the priority possibility of restoring the tribo-
logical properties of a lubricating composition based
on a combination of circulating lubricating oil and an
additive containing molybdenum diselenide is the pe-
riodic regeneration of the additive during its long the
storage period (more than 36 hours). This problem is
addressed in this research by technological measures
and tribological tests of lubricants containing the addi-
tives [10].

A purpose and objectives of the research

The purpose of the research is an evaluation of the
tribological properties of a lubricant composition (LC),
including a regenerated (with tribological and rheolog-
ical characteristics restored by rotary mixing) solution
of the anti-wear additive in comparison with LC, in
which the additive solution has undergone long-term
storage, short-term storage, and with lubricating oil, on
the basis of which LSs are produced.

The objectives of the research:

1) an implementation of measures to regenerate the
anti-wear additive solution [10] during the designated
time period (the additive solution stored for more than
8 640 hours or 1 440 days);

2) a realization of tribological tests of various lub-
ricants, including:

— the base lubricating oil for marine using;
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— LC based on the base lubricating oil and the anti-
wear additive [10], containing the layered friction
modifier — molybdenum diselenide MoSe, with the
storage period of the lubricant composition of no more
than 7= 24 hours;

— LC based on the base oil and the additive [10]
with a preliminary storage period of the additive added
to the oil, 7= 8 640 hours;

— LC based on the base oil and the additive [10],
with the storage period of the additive 7= 8 640 hours,
when regenerating the additive solution before adding
it to the lubricating oil by rotary mixing for a time
T =2 hours;

3) an assessment of the tribological properties
of lubricants by measuring the weight wear of test

samples of the friction machine.

Conditions and the technology of carrying out
the tribological tests

Four types of lubricants were prepared for tribological
tests (Table 1). Three lubricants were “oil + additive”
lubricating compositions, and the fourth lubricant was
base lubricating oil M-16G2TSS (SS 12337-2020).

The lubricating oil M-16G2TSS is a base lubricant
against which the tribological properties of other Iubri-
cants prepared for testing are compared. For each
of the four test cycles, a volume of at least 25 cm’
of lubricant is used to avoid high thermal inertia when
the test samples are moving.

Table 1

The lubricants for tribological tests

Cycle The lubricant Conditions for preparation for testing
1 The circulating oil M-16G2TSS (SS 12337-2020) [11] The base lubricating oil
2 LC “lubricating oil M-16G2TSS + anti-wear additive” Holding the LCin a closed container for
T'=24 hours
LC “lubricating oil M-16G2TSS + anti-wear additive”, including The prehmmar.y rege_neratlon of the additive
3 the anti-wear additive restored by stirrin (storage period T'=8 640 hours) before
Y £ adding to the LC by stirring for 7= 2 hours
LC “lubricating oil M-16G2TSS + anti-wear additive”, which has Keeplilg the additive in a closgd cqntalner
4 storage and oxidation for T = 8 640 hours before adding it to the
£ lubricating oil and producing the LC

The anti-wear additive was a layered friction modi-
fier, molybdenum diselenide MoSe,, mixed in the vol-
ume of a composition of the unsaturated fatty acids —
stearic and oleic [10]. The main feature of MoSe, is
the possibility of precipitation in the form of a solid
phase during some storage time of the additive solu-
tion, exceeding 36-48 hours [6], because its density
exceeds the density of a set of the stabilizing unsatu-

rated acids. In all cases of producing the lubricating
compositions using molybdenum diselenide (LCs
No. 2 - No. 4), the concentration of the additive by
volume of the base lubricating oil was C = 1.0%.

The technology of carrying out the tribological
tests and preparatory measures for them are shown
in Fig. 1

The lubricant oil |

The anti-wear additive

The pre-storage
period

— > ——

M-16G2TSS

Process of the preparation
of the lubricant composition

Voo oov

s

= —|24n| =————
<:I<:|
= =

-

The regeneration by rotary mixing

2] [oo]

[ No.4 |

It T

L

4 cycles: time of the cycle T=1000 h;

| The anti-wear test of lubricant compositions

| friction path S1=114820 m ;

sample temperature t=1 20°C

Fig. 1. The technological measures for the conducting tribological tests
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The technical description of the machine for the
regeneration of the anti-wear additive

The anti-wear additive is regenerated (is restored
by the uniform distribution of particles of the solid
phase component in the solution) on a special rotary
machine, the drawing of which is shown in Fig. 2.

Fig. 2. The drawing of the machine for the regeneration
of the additive: / — an electric motor; 2 — a gear wheel;
3 —acrank; 4 — a holder; 5 — a vessel

The electric motor / drives the crank 3, the shaft
of which contains a pressed gear of gear 2. At the end
of the crank there is a hole for placing a roller, one
of the ends of which is occupied by the counter gear
wheel 2, the second is occupied by holder 4, in which
vessel 5 for the regenerated solution of the additives is
clamped. So, the crank 3 is a planetary carrier, which
runs the small gear of the gear wheel 2 around the
large one. It promotes the double law of rotational
motion of the vessel 5 in its holder — movement along
the radius R of a large circle by the shaft of motor /
around the O; axis with an angular velocity ®; and
rotational motion with a speed ®, relative to the O,
axis of the roller with the counter gear. The angular
velocities are related by the relation @, = 2.5w@;. The
main goal of this combination of mutual rotational
movements of the vessel with the additive solution is
to uniformly mix its components in the volume of the
solution.

The main characteristics of the machine are shown
in Table 2.

Table 2

The main technical characteristics of the installation for regeneration of anti-wear additive

Parameters Meaning

The angular speed of the rotation of the electric motor shaft m;, s | 150.7
The angular speed of the rotation of the crank shaft 0,, s ' 376.75
The radius of the circle of the rotation of the vessel holder around the shaft axis R;, m 0.032
The radius of the circle of rotation around the crank shaft R,, m 0.02
Drive motor power N, kW 0.65
Volume of the vessel with the regenerated liquid 7, 1 0.5
Maximum of the continuous regeneration time 7, h 2

General pictures of the additive solutions for test cy-
cles No. 2, 3 according to Table 1 are shown in Fig. 3.
Solution No. 2 was obtained after a storage period
of the additive 7= 8 640 hours, solution No. 3 — after
a storage period of no more than 7'= 24 hours, solution
No. 1 — regenerated by stirring for 2 hours after a stor-
age period of T = 8 640 hours. The letter designations
A, B and C refer, respectively, to a significant, moder-
ate and a weak zone of solution separation when mo-
lybdenum diselenide precipitates in the additive solution.
The solution No. 3, shown in Fig. 3, did not undergo
structural separation due to precipitation of molybdenum
diselenide during the storage period 7 = 24 hours.

The additive solution [10] with the storage period
of T'= 8 640 hours (about 12 months) was subjected to
the regeneration. During this time, the additive solu-
tion acquired a color shade that was significantly light-
er (solution No. 1 in Fig. 3) than the original solution
(No. 3 in Fig. 3), in which molybdenum diselenide was
uniformly suspended. It indicates for a large mass
of the layered friction modifier that precipitated by
gravity during the specified storage period.
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The additive solution, which had undergone long-
term storage in a volume of 450 cm’, was placed in the
mixing vessel of the rotary machine with the filling
hole carefully sealed. During the period 7' = 2 hours,
the machine imparted a rotational movement to the
vessel around the O, axis in a circle with the radius
of R = 0.032 m, while the vessel rotated around the O,
external axis at a speed to 2.5 times greater than the
machine’s electric motor shaft. The uniform mixing
of the additive solution was ensured; at the end of the
mixing, the uniformity and saturation of the color
shade of the solution was assessed. It was established
that the shade of the solution obtained by stirring
(No. 2 in Fig. 3) in the lower part of a 10 cm® volumet-
ric tube is almost the same as the additive solution
stored for no more than 24 hours (solution No. 3 in
Fig. 3). That is a uniform regeneration of the distribu-
tion of molybdenum diselenide by volume of solution
in suspension was carried out. The successful regener-
ation of the solution according to the structure with
using the described machine is achieved due to high cen-
trifugal forces, combined in action by the forces arising
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around the main drive shaft and the planetary roller,
which acts as the axis of rotation of the vessel holder.

A
B
c A
| ‘\B’C
1 2 3

Fig. 3. The color pictures of the additive solutions for the
different storage periods (No. 2 and No. 3) and the
regeneration by stirring (No. 1): 4 — the part of the solution
with a significant degree of stratification of the solution
due to the precipitation of molybdenum diselenide in the
additive; B — part of the solution with a moderate degree
of stratification of the solution due to precipitation
of molybdenum diselenide in the additive;

C — part of the solution with a weak degree
of stratification of the solution when molybdenum
diselenide precipitates in the additive

The technical description of the friction ma-
chine for the tribotechnical tests and the technology
for their implementation

A reciprocating type friction machine is shown
schematically in Fig. 4. The electric motor / of an
asynchronous type with a power of N = 0.8 kW drives
a worm gearbox 2 through a flange coupling. The
gearbox has two outputs of rotational motion, one
of which ends in the crank shaft 3, and the other drives
a counter 9 for the straight path traveled by the crank 3.
The rotating crank has a radius of 36.8 mm and acti-
vates the connecting rod 4, which has a hinged connec-

tion with the piston 5. The piston 5, moving along the
stationary cylinder 6, carries two segments of the pis-
ton ring 7, expanded by the spring 8. The rear end
of the piston has a smooth rod with a guide for its pre-
cise translation movement without significant devia-
tions in the radial direction, that is, towards the cylin-
der wall. Cylinder 6 is a test cylinder, that is, experi-
encing friction from the piston ring segments. It is
fixed without the possibility of an axial mobility in
a steel cylinder of the machine, fixed to its frame. The
piston 5, in conjunction with the cylinder 6, forms
a gap, while the segments of the ring 7, under the ac-
tion of the spring 8, which opens them, are tightly
pressed against the cylinder. In accordance with this,
a “ring-cylinder” friction pair is formed, with the ring
imitating a ring segment made of gray alloy cast iron
with nodular graphite (SS 3443-77) [12], and the cyl-
inder sleeve imitating a stationary cylinder made
of gray cast iron with flake graphite (SS 1412-79) [13].
The surface roughness dimensions of the ring segment
and the fixed cylinder correspond to Ral.25/Ra0.63,
and it corresponds to the roughness parameters of real
marine diesel parts with a diameter of the cylinder
of D = 160-450 mm according to SS 7133-80 and
SS 7274-80 [14, 15]. During the tests, cylinder 6 is
heated to a temperature of t = 120 °C by an external
heating element. The decompression force of the
spring 8 is F' =300 £ 3 N, it corresponds to the accept-
ed dimensions of the contact area of the segment of the
piston ring 7, amounts to a contact pressure on the
surface of the cylinder 6 equal to P =1 + 0.01 MPa.
The spring is compressed until the coils touch in the
corpus of the piston 5. To prevent significant expan-
sion of the coils, exceeding the amount of linear wear
of the segment of the ring or the cylinder, special stops
are inserted under the ends of the spring, exerting pres-
sure on the segments of the ring. This measure was
needed for an eliminating a large error in changing the
load on the segment of the ring, despite the fact that the
load on the stationary sample must remain constant.

e

]
| —

A

aSp

Fig. 4. The drawing of the reciprocating friction machine: / — an electric motor; 2 — a worm gearbox; 3 — a crank shaft;
4 — a connecting rod; 5 — a piston; 6 — a stationary cylinder; 7 — a segment of the piston ring; 8§ — a spring; 9 — a path counter
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Each segment of the ring is a subject to measure-
ment of the weight wear (in each test, the value
of weight wear of two segments is summed up and
displayed as the arithmetic average) and the cylinder.

The main characteristics of the friction machine

during tribological tests are given in Table 3. The scale
factor in the tests is taken with a multiplicity of £ = 10
based on the ratio of the actual diameter of the bushing
in the marine internal combustion engine and the di-
ameter of the cylinder used in the machine.

Table 3

The main technical characteristics of the friction machine

Parameters Meaning
The main spring load F, N 300+3
The contact pressure on the surface of the segment of the ring P, MPa 1+0,01
Number of double strokes of the piston per hour of operation n 1560
The continuous operation time per test cycle 7, h 1 000
The friction path per test cycle Sy, m 114 820
The diameter of the tested cylinder D, m 0.037
The thickness of the ring segment in axial direction B, m 0.007
The contact area of the ring segment 4, m” 297-10°
The outer diameter of the spring D,, mm 26.3
The diameter of the spring coil d,, mm 2.7
The spring height unloaded/fully compressed NV, mm 16.4/5.4
The spring index i 9.75
Number of the spring turns z 2103

The tribological tests of the lubricants listed in
Table 1 are carried out as follows:

1) for each test cycle, three test samples are provid-
ed: two cast iron segments of the piston ring installed
oppositely on the movable piston and one cast iron re-
movable cylinder placed in the main cylinder of the
machine; samples are fixed in their regular locations;

2) the liquid lubricant is poured into the main cyl-
inder of the machine in accordance with the test cycle
(according to Table 1) in an amount of at least 25 cm’;

3) the movable unit of the machine in the form
of a crank shaft, a connecting rod and a movable piston
in its guide is set in motion, which is maintained at the
same speed of a rotation of the crank shaft » = 26 rpm
during the time interval 7= 1 000 hours or the friction
path made by the samples of Sy= 114 820 m;

4) after the specified time and passing the friction
path controlled has been overcome by the counter, the
moving unit of the machine stops, the test cylinder is
removed from the main cylinder, and the test segments
of the ring are removed from the piston;

5) the test samples are cleaned of lubricant residues
and wear products, after which their weight wear
should be assessed on scales with a measurement accu-
racy of 0.001 g.

The calculation of the resource values of the
simulated friction unit

The resource value of a friction unit is calculated
by the following expressions:

1) the linear wear of a segment sample, m

hi=(m;/p)/ A, (1)
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where m; — the mass of a worn metal during the test
cycle, g; p = 7.87 - 10° — the density of cast iron for
segment-type samples, g/m’; 4 =2.97 - 10~ — the area
of the contour friction surface on the cylindrical seg-
mental surface of the movable sample, mz;

2) the wear rate of the segment sample

Ii = hi/ST’ (2)
where Sy = 114 820 — the friction path during the test
cycle, m;

3) the wear rate of the segment sample, pm/h
Vi=h;-10°/T,, 3)

where T, = 1 000 — the time of the test cycle, h;

4) the resource of the friction unit based on the
maximum gap between real parts (the “ring-cylinder”
pair of a marine diesel engine), h

7"!‘ = hmax/ VV!" (4)

where /. = 200 — the maximum gap that satisfies the
normal (failure-free) operating conditions of the “ring-
cylinder” friction pair (based on ring wear) of a con-
ventional marine diesel engine, um; V; — the wear rate
of the segment sample, pm/h [16].

The results of the tribological tests

The main results of the research of tribological
properties are given in Tables 4 and 5. The estimated
indicators of the tribological properties of the ring
segment and cylinder at each test cycle are:

— the linear wear of the sample surface 4,, m;

— the wear rate /;;

— the wear rate of the samples V;, um/h;

—the residual resource R;, h, of a real “ring-
cylinder” pair along the gap.
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Table 4
The main tribological indicators for the cylinder
Cycle The lubricant m;,g h;, m I; Vi, pm/h Ti,h

1 The base oil M-16G2TSS 0.042 1.797 - 107 1.565 - 1071° 0.018 11 130.43

2 The manufactured LC 0.038 1.626 - 107 1416 - 10710 0.016 12 302.06

3 The restored LC 0.048 2.054 - 107 1.789 - 10717 0.021 9739.13

4 The long-term stored LC 0.061 261107 22731071 0.026 7 663.58
Table 5

The main tribotechnical indicators for the ring segment (arithmetic average of the wear values of two segments)

Cycle The lubricant m,g h;, m I; Vi, nm/h T, h
1 The base oil M-16G2TSS 0.045 1.925- 107 1.677 - 1071 0.019 10 388.4
2 The manufactured LC 0.041 1.754 - 107 1.528 - 10710 0.018 11401.9
3 The restored LC 0.052 2225107 1.938 - 10710 0.022 8 989.96
4 The long-term stored LC 0.067 2.866 - 10° | 2.497-107"° 0.029 6977.28

Figure 5 shows a comparative diagram (separately  of the value of the linear wear h for the lubricants in
for cylindrical and segmented samples) of changes test cycles No. 1-4.

h *10‘5m cylinder segment of the ring h *10‘5m
’ Neg 30 25201510 05 0 05 1,0 15 2025 30 po4

3 ‘\ / S
= 3
@ =~
Q Ne3 / Nez
§ \ / o
o / g
% Ne2 Ne2 "g
S o]
= Net Net 3
30 25201510 05 0 05 1,0 1,5 20 2,5 3,0 * -8
5 ) 0 sl 1,9 1, ) g , , U293,
h *10 ' m cylinder segment of the ring s 10 'm
El

Fig. 5. The comparative diagram of changes of the linear wear h in test cycles No. 1-4

Table 6 shows a comparison of the lubricants in  are located horizontally in the Table 6, in relation to
terms of tribological properties (the amount of the  which the tribological properties of the lubricants lo-
wear of the samples) with each other (the lubricants cated vertically are compared).

Table 6

The comparison of the wear h of the samples in the lubricant tests — increase in wear, %*

The lubricant The base oil Restored LC Long-term stored LC
Freshly prepared LC i(l) ;2 2;
Base oil 12 ig
Restored LC ;;

* The numerator gives data for the cylinder, the denominator — for the ring segments.

The tribological characteristics of the lubricant compositions (No. 2 and 3), as well as the base lubri-
composition No. 4 (according to Table 1) are signifi- cating oil M-16G2TSS, which is explained by the long
cantly lower (by 27-63%) compared to other lubricant  storage period of the additive before adding oil and the
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corresponding precipitation of molybdenum diselenide
in its volume (a very small part of it from the initial
solution can take part in the formation of a protective
layer on the surface of the test samples lubricated with
the resulting LC No. 4). The tribological properties
of LC No. 2 with the participation of an additive solu-
tion regenerated by two-hour rotational stirring after
a storage period of 7 = 8 640 hours are significantly
higher than LC No. 4 with an additive solution with
a long storage period (27-29%), but lower by 10-11%
than that of LC No. 1, which had a storage period
of no more than 24 hours, which indicates incomplete
recovery of the mass of the molybdenum diselenide
from the precipitate in the solution before its addition
to the base lubricating oil.

Based on the results of the tribotechnical research,
the base lubricating oil M-16G2TSS showed an inter-
mediate position: better by 45-49% in relation to
LC No. 4 for long-term storage due to the loss
of a significant mass of molybdenum diselenide in this
LC in the sediment of the preliminary solution, but
worse by 14-16%, than that of LC No. 2 with a pre-
regenerated additive solution.

Conclusion
1. The technological measures were made to re-

generate the additive [10], which has a storage period
of 8 640 hours; positive results of regeneration were
revealed, namely, the possibility of restoring the uni-
form distribution of molybdenum diselenide throughout
the volume of the additive solution in the suspension.

2. The lubricating compositions “oil + additive
based on molybdenum diselenide” were prepared and
its tribotechnical efficiency was tested on the recipro-
cating friction machine simulating the cylinder-piston
group of a marine diesel engine.

3. The assessment of the tribological properties
of lubricants based on M-16G2TSS oil using the
weight wear method and further arithmetic transfor-
mations of it into the resource of the friction unit showed
that for long-term stored oil with the additive [10], when
it is regenerated by rotary mixing, it is possible to in-
crease the tribological properties in comparison with
lubricating ones oils equipped with the anti-wear addi-
tive with molybdenum diselenide and having a long
storage period.

4. The rotational regeneration shows satisfactory
efficiency in partially restoring the tribological proper-
ties of a lubricant composition with an adding of the
additive [10], but is not effective enough compared to
rotational pulsation mixing of the additive solution in
order to create perspective anti-wear LCs.
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