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ABSTRACT

Purpose. Substantiation of the possibilities and development of technology for the restoration of the worn-out tribo-
technical pairs of mining equipment by methods of hot radial stamping in powder metallurgy using technogenic waste.

Methods. Powder for wear-resistant material was obtained from metal-abrasive sludge waste. The grinding sludge of
40X10C2M steel was used, which contains 65 — 70% of metal, 10 — 15% of non-metallic component and 20% of
lubricating-cooling fluid by a special preparation: grinding, washing, dehydration, drying, magnetic separation,
recovery annealing in a generator gas. The wear resistance of tribotechnical pairs of powder composite materials was
assessed according to DSTU 2823-94. The wear resistance of the restored tribotechnical pairs has been determined
by means of stand experimental research on the SMC-3 testing machine in the conditions of limited lubricants
feeding. The reasons for improving the wear resistance have been revealed by means of metallographic studies, as
well as the composition with higher properties has been set through the research of powder compactability.

Findings. The compositions of powder, composite materials for the restoration of tribotechnical pairs using techno-
genic wastes and the technology of their application to the surfaces of parts have been developed. A wear-resistant
powder layer for the restoration of the “shaft’-type parts has been obtained, working in pair with a composite
recovery layer of the “hub”-type part. The physical and mechanical characteristics of a recovery layer of worn-out
surfaces of “shaft — hub”-type parts have been studied. The influence of the percentage anti-seize additive content on
the wear resistance of the obtained materials under conditions of contamination with coal dust has been determined.
The scheme for restoring worn-out surfaces of “shaft —hub”-type tribotechnical pairs has been proposed. The
research results enable to extend the life of worn-out parts, which will result in savings to replace with new parts.

Originality. It has been found that the introduction of 15% copper into a composite recovery layer of a “hub”-type
part leads to the formation on the surface of a partition of solid and strong non-metallic layer, which leads to
increased wear resistance of the tribotechnical pair.

Practical implications. The proposed scheme for the restoration of worn-out surfaces by the method of hot radial
stamping of powdered materials enables the utilization of technogenic waste and helps to extend the service life of
worn-out parts, which leads to savings in their replacement.
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1. INTRODUCTION

The development and improvement in the coal mining
industry of resource-saving technologies is a very acute and
urgent problem of the Ukrainian economy (Piwniak,
Bondarenko, Salli, Pavlenko, & Dychkovskiy, 2007
Vagonova, & Volosheniuk, 2012). In machine-building
industries, the resource saving task is solved by improv-
ing and creating the latest advanced technological pro-
cesses used in metal treatment under pressure.

Operation of units which pump water from quarries,
coal mines, underground mines is accompanied by wear of

centrifugal-type pumps, isolation valves, as well as suction
and discharge pipelines. When operating with the water
outlet equipment, one has to face mainly with abrasive wear,
since when pumping the water there are always non-soluble
dust-like solid particles of mineral origin in suspended state,
which, when passing through the wet end of the pump,
inevitably fall between the rubbing surfaces of bearings
(Dolganov & Timukhin, 2016). The parts of machinery
components: sleeve-type bearings, joint hinges, pusher
gears, cams, operating under high dynamic loads in severe
conditions with limited lubricant feeding, mine atmosphere
contaminated with coal dust, are also exposed to intensive
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abrasive wear, which leads to the need for complete re-
placement of expensive parts of tribotechnical pairs.

Solving the issues on the restoration of tribotechnical
pairs exposed to abrasive wear, which are included in
the pumping equipment and rubbing machinery compo-
nents working in a mine atmosphere, helps to increase
their productivity, extend the life of their operation,
resulting in higher efficiency, lower power consumption
and, as a consequence, is one of the sources for savings
funds for the replacement of worn-out components at the
mining enterprises.

The expediency of restoring the worn-out parts means
to reduce the cost of repairing the coupling pairs, assem-
blies and machines by reducing costs for the supply of
new parts and reducing the production costs during their
operation. The use of modern technological processes
enables to reduce time of restoration by 10%, increase
the operating time per a coupling pair by 22 — 25% and
increase its productivity by 30—45% (Zhang, Zhang,
Liu, & Miao, 2017), reduce, if compared with manufac-
turing, the number of technological operations by
5—8 times (Dudnikov, Belovod, Kanivets, & Dudnik,
2011), as a result of which a significant economic effect
can be obtained. In many sector of national economy,
including repairing of mining machinery and modes of
transportation, a large number of various methods and
methodologies for the restoration of parts are used
(Voynash, Gaydukova, & Markov, 2017). The share of
parts exposed to restoration at enterprises of heavy ma-
chine building by retailoring, gas-thermal, electrochemical
and other most common methods is (Naumenko, 2004):

— by means of retailoring — 34.4%;

— methods of gas-thermal spraying — 26.1%;

— electrochemical coatings — 20.2%;

— other methods — 19.3%.

Restoration using retailoring and gas-thermal spray-
ing methods occupies the first places among the wide-
spread technologies.

The authors of the work (Luzan, 2014) have proposed
a classification of coupling the tribotechnical pairs,
which consists of 10 classes of modules and 8 subclasses,
which account the types of wear, the material and struc-
ture of the parts surface layers, the material of the cou-
pled parts and working conditions, as well as the type of
load, velocity and degree of wear. The presented classifi-
cation enables to group modules of coupled parts into
10 classes and 8 subclasses and, based on this, develop
modular technological parameters for restoration.

According to many methods and ways for restoring
worn-out surfaces, when applying the recovery layer,
mainly pre-manufactured pure metals and their alloys, as
well as solutions and molten salts are used.

In order to extend the service life, ensure reliability
and durability of the used friction joints, which are main-
ly made of steel, it is necessary to study the possibilities
of restoring worn-out tribotechnical friction pairs using
technogenic industrial waste by pressure metal treatment
methods using powder metallurgy, as the most economi-
cal sector contributing to utilization of valuable techno-
genic waste. A very effective way to reduce the expendi-
tures for manufacturing the tribotechnical pairs used in
the coal mining industries is to use advanced methods of
plastic deformation (Aliieva, 2015; Aliieva, 2016).
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The use of technogenic wastes, which include valuable
alloying constituents, allows to obtain bimetallic products
with a wear-resistant layer, which significantly reduces by
5—10 times the consumption of wear-resistant high-alloy
steels used in retailoring and spraying, as well as reduce
the factory labour hours for their manufacturing. Often the
use of bimetallic compositions gives an economic effect
not only by reducing the expensive metals consumption,
but also as a result of simplifying the design, assembling
of products (Maslyuk & Napara-Volgina, 2003; Varma-
zyar, Allahkaram, & Mahdavi, 2018).

High potential of opportunities to obtain this type of
material is represented by Pressure Metal Treatment
(PMT) in powder metallurgy, the methods of which ena-
ble to obtain coupled bimetal layers with predetermined
composition and properties. One of the most promising
directions of powder metallurgy is the hot stamping
method, which provides obtaining high-dense and high-
strength wear-resistant materials, including bimetallic
ones, when restoring worn-out tribotechnical pairs
(Pavlygo, Serdyuk, & Svistun, 2005).

Due to the processes occurring during joint plastic de-
formation of dissimilar metals, it is possible to influence
the properties of the metal, which can significantly im-
prove the operational characteristics of friction pairs
restored after exceeding the permissible wear. The use of
technogenic industrial waste will make it possible to
make a reasonable selection of compositions of surfaces
to be restored, taking into account the mechanical proper-
ties and the necessary wear resistance (Pavlygo, Serdyuk,
& Svistun, 2005; Rud’, Gal’chuk, & Povstyanoy, 2005).

Thus, the issue of restoring the expensive tribotechnical
pairs of machinery parts components in coal mining industry
is relevant and is of interest to solve the problem of the pos-
sibility of restoring worn-out parts using bimetallic materi-
als, as well as using PMT methods in powder metallurgy.

2. PURPOSE AND OBJECTIVES OF RESEARCH

The work is aimed at solving the problem of restoring
the worn-out expensive tribotechnical pairs of machinery
parts components in coal mining industry using techno-
genic industrial wastes, by the methods of pressure metal
treatment in powder metallurgy.

To achieve this purpose, it is necessary to solve the
following tasks:

—to analyse the existing methods for the restoration
of worn-out tribotechnical pairs;

—to develop the composition of powder, composite
materials for the restoration of tribotechnical pairs using
technogenic wastes, by the technology of applying them
to the surface of parts;

— to determine the wear resistance of the obtained ma-
terials under the conditions of coal dust contamination;

—to develop a scheme for restoring the worn-out sur-
faces of “shaft — hub”-type tribotechnical pairs.

3. MATERIALS AND METHODS OF RESEARCH

Powder to obtain a wear-resistant material, which is
used to restore the outer worn-out surface of the “shaft”-
type parts and the wear-resistant frame of the composite
material to restore the inner surface of the “hub”-type
parts, was obtained from metal-abrasive sludge waste.
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The grinding sludge of 40X10C2M steel was used,
which contains 65 —70% of metal, 10 —15% of non-
metallic component (products of destruction of an abra-
sive tool during grinding) and 20% of lubricating-cooling
fluid (Rud’, Gal’chuk, & Povstyanoy, 2005; Ryabicheva,
Sklyar, & Beloshitskiy, 2005). More than 10— 15% of
the sludge is conglomerates, which are oxidized metal
and non-metallic particles cemented with a lubricating-
cooling fluid (LCF).

At the first stage, the sludge was subjected to treat-
ment for 1.0 h in a globe mill with milling agents in hot
water (temperature 60— 80°C, the amount of water
2 — 3 1/kg of sludge, the mass of balls is 4 kg per 1 kg of
sludge). As the milling media, metal balls made of
ShKh15 steel with a diameter of 25 mm were used. After
being settled, the milled, partially washed metal-abrasive
sludge is treated by the mode: flushing for the final re-
moval of LCF and oil, dehydration, drying, magnetic
separation, recovery annealing in the generator gas.

Metallographic studies were performed on specially
prepared microsections etched with a 3 — 5% solution of
nitric acid (HNO3) in ethyl alcohol (C,HsOH) using a
MIM-7 microscope.

Anti-seize copper powder was obtained according to
the technology described in the work (Biloshytskyi, Ta-
tarchenko, Biloshytska, & Uvarov, 2017). Waste debris
from the electrical engineering industry was sorted, as
well as brazed sections were removed. Cable cuts were
cleaned from rubber and glass insulation. Burnt sections
of varnish insulation were removed by air-separation.

The purified current-carrying conductors with different
cross sections and chip scrap were loaded into ceramic
containers, covered with lids with openings for free access
of atmospheric oxygen. Prepared containers were loaded
into a chamber electric furnace heated to 650°C in order to
heat to 900—920°C. Holding at this temperature was
30 minutes. Dispergation of oxidized copper wastes was
carried out in a laboratory cutting mill of centrifugal type
to a powder state with a fraction of less than 0.16 mm.

The reduction of copper oxide powder was carried
out in a generator gas medium consisting of H, — 74%,
CO - 25%, as well as a small amount of (CH4 and CO»)
(Biloshytskyi, Tatarchenko, & Biloshytska, 2019), at a
temperature of 350 — 380°C and holding 25 — 30 min.

The wear resistance of tribotechnical pairs of powder
composite materials obtained from technogenic industrial
waste under the conditions of coal dust contamination
was assessed according to DSTU 2823-94 (Wear re-
sistance of products. Friction, wear and Ilubrication.
Terms and definitions) by the shaft-hub scheme. The
tests were performed on the SMC-3 testing machine in
the conditions of limited lubricants feeding. The tests for
wear resistance were conducted by the principle of
“shaft — hub”. Wear resistance was determined under
conditions of limited feeding of MS-20 industrial oil. The
maximum load before adhesion P4, as well as friction
coefficient Kj; were determined. Rubbing velocity is
0.8 m/s. The linear wear of the shaft and hub after
100 hours of testing was investigated for a nominal load
of 80% of Pp.a. The study on wear resistance consisted
of the following stages: breaking-in of the shaft and hub,
flushing, weighing, testing, flushing and weighing.
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Research of the powder compactability was per-
formed on R-10 universal testing machine, according to
GOST 25280-90 “Metal powders. Method for determina-
tion of compactability”.

4. RESULTS

According to metallographic studies of 40X10C2M
steel sludge, it has been found that the metal part consists
of chip scrap with various shapes: thin curly turnings,
elongated curved (scimitar-shaped) and in the form of
fragmentation particles shown in Figure 1. The average
chip scrap sizes are as follows: thin curly turnings —
width 0.015 — 0.110 mm, length 0.5 — 2.5 mm; elongated —
width 0.006 — 0.025 mm, length 0.05-0.20 mm, frag-
mentation particles — 0.015 — 0.110 mm.

(b)

Figure 1. Shape of 40X10C2M steel chip scrap after grinding:
(a) thin curly turnings; (b) elongated curved;
(c) fragmentation particles

According to the developed technology by the au-
thors of the work (Ryabicheva, Sklyar, & Beloshitskiy,
2005). When treating the sludge in a globe mill, the con-
glomerates are destroyed, partially LCF and oil contami-
nants are removed, and chip scrap is crushed. Small abra-
sive particles, which are the product of wheel disks’
destruction, have a positive influence on the velocity and
quality of the process, increasing attrition. High micro-
hardness of the particles to be milled contributes to em-
brittlement. The chemical composition of the obtained
powder from the sludge is presented in Table 1.

Table 1. Chemical composition of the powder from the
40X10C2M steel sludge, %

. . Insoluble
C Cr i Ni,Mo,V  Fe residue in HCI
0.85—- 94— 2.10- . 83.4
087 96 217 2brasion gy 3.8-4.1

The chemical and granulometric composition of the
obtained copper powder to prepare a composite material,
by means of which to restore the inner worn-out surface
of the ‘hub’ type parts, is presented in Table 2 (Biloshyt-
skyi, Tatarchenko, & Biloshytska, 2018).

Table 2. Chemical and granulometric composition of the

copper powder
Tamped Granulometric composition
Copper - - o
o density, Particle content, % with size, mm
content, % 3
glem®  <0.16 <0.14 <0.1 <0.063 <0.045

99.4-99.7 23-26 95 40.7 354 14.4

The restoration of the “shaft” type parts was per-
formed according to the following technology: a surface
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layer with thickness of not less than 3 mm was removed
from the worn-out parts surface on metal-cutting ma-
chines, which is conditioned by the impossibility to ob-
tain thin-walled compact from powder materials with
satisfactory uniform density throughout the height.

A wear-resistant, recovery layer in the form of a cy-
linder powder liner, shown in Figure 2a, was made by
pressing the powder obtained from metal-abrasive
40X10C2M steel sludge. The execution of the powder
liner with a chamfer of 5x10° prevents the metal bead
from leaking onto the body of the part being restored
under radial plastic deformation.

(a)
D
d
|

(b)
D
d

10 10

o | o) [

Figure 2. Powder cylinder-shaped liner: (a) to restore the
“shaft”-type parts; (b) to restore the “hub”-type parts

It is known that the pressing process can be con-
trolled using surface-active substance (surfactants) and
plasticizers (Kostornov, 2002). In order to obtain strong
and dense powder liners, a study has been conducted on
the influence of a surfactant, a lubricant (zinc stearate)
and a plasticizer (polyvinyl alcohol (PVA)) on the pow-
der compactability.

A dry mix with surface-active substances was ob-
tained by mixing the powder with 0.8% zinc stearate in a
“drum tumbler” type mixer unit for 0.5 h. A dry mix with
a plasticizer was prepared by mixing the powder with a
PVA solution in the ratio of 8:1 by weight, using a 10%
aqueous PVA solution, brought to a boil and cooled to
room temperature. When pressing powder liners from a
freshly prepared dry mix, after pressing they spontane-
ously were warmed up to a temperature of 45— 55°C,
which leads to intensive release of moisture and a signif-
icant increase in porosity caused by interparticle contacts
disruption by flows of outgoing moisture vapours. To
avoid this effect, the prepared dry mix was granulated by
rubbing through a sieve with a mesh size of 1 mm, and
then dried on sheets of stainless steel at room tempera-
ture for 24 hours. In terms of the equivalent amount of
dry substance, the PVA concentration was 1%.

The results of determining the powder compactabi-
lity, without additives and a dry mix with additives of
surfactant and PVA, are presented in Figure 3. The best
compactability and, consequently, the strength is charac-
teristic to powder compacts with the PVA addition. The
average density throughout the height of a compact is
5.6 — 5.8 g/cm?, which corresponds to 18 — 20% porosity
for the material under study.

The final stage of worn-out “shaft”-type parts restora-
tion was performed by the method of hot metal treatment
by pressure, joint stamping of the viscous shaft core and
a wear-resistant recovery layer. The principal scheme of
this stage is shown in Figure 4a.

71

6.0

W
()]

b
o

h
n

hay
o>

I

Samples density, gicm’

(98]
(9]

Y:)J
(=]
(=]

200 400 600 800
Pressing pressure, MPa

1000

Figure 3. Dependence of samples density on pressing pres-
sure: 1 — powder without additives; 2 — with the ad-
dition of 0.8% zinc stearate; 3 — with the addition of

1% PVA
(@)
g
‘ /
| o
‘ /3

g |
|
| 4
% ‘ %5
B 6
L
(b)

10° IP
i |
| 2
o% 3
i 4
5
6

Figure 4. Principal scheme of hot stamping of the recovery
layer of parts: (a) “shaft”-type; (b) “hub”-type;
1 — punch matrix (punch-mandrel); 2 — calibration
parallel; 3 — lead-in cone; 4 — powder cylinder-shaped
liner forming a recovery, wear-resistant layer; 5 — in-
terlayer of copper; 6 — inductor; 7 — restorable part
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To improve the mechanical adhesion of a part with a
cylinder-shaped powder liner, a layer of powder copper
is applied to the surface being restored by the method of
electrolysis. The layer thickness is — 0.10 —0.15 mm.
Then the shaft is fixed in the bottom plate of the press, a
cylinder-shaped powder liner is put on the coppered
surface, wherein, on the outer surface in the lower part of
the liner a chamfer is made with an inclination of 10°
from the vertical and with a height of 5 mm. The purpose
of the chamfer is to prevent possible leakage of wear-
resistant material on the untreated shaft surface during
hot plastic deformation. The recovery layer was heated to
a temperature of 1125 + 50°C using an inductor. To pre-
vent surface oxidation of the powder liner, a protective-
reducing gas was supplied to the heating zone. When the
required temperature was reached, the inductor was re-
moved and a hot radial compaction of the powder layer
was performed with a punch matrix.

Thus, the restoration of surfaces by a deforming tool
with a calibration parallel, by the PMT method with the
use of powder material obtained from technogenic
wastes, makes possible to achieve the required accuracy
degree for the tribotechnical pairs of coupling without
using the final finishing machining (Skvortsov &
Okhotin, 2007).

The restoration of “hub”-type parts was performed
according to the same technology as the “shaft”-type
parts at a heating temperature for stamping
1090 + 10°C. For the recovery layer, cylinder-shaped
powder liners were made (Fig.2b), and a composite
material was used, the composition of which included
powder obtained from metal-abrasive 40X10C2M steel
sludge with the anti-seize addition. The scheme of resto-
ration is shown in Figure 4b.

To comply with the conditions for creating reliable
tribotechnical pairs of coupling, finely-dispersed copper
powder obtained from cabling and wiring industry waste
is used as an anti-seize additive (Table 2).

Copper powder in the amount of 10, 15 and 20% was
added to the dry mix used to restore the “shaft”-type
parts. Cylinder-shaped powder liners were pressed from
the resulting composite dry mix to restore the worn-out
surfaces of “hub”-type parts.

5. RESULTS AND DISCUSSION

The research results of the mechanical properties of
the recovery layer material of a “shaft’-type part have
revealed that the steel obtained immediately after hot
stamping has high hardness and strength with a sufficient
level of impact hardness. To compare, the properties of
the recovery layer steel and the powder ZHCH20H3
steel, which has high wear resistance and is widely used
for movable parts are presented in Table3 (Ra-
domysel’skiy, Serdyuk, & Shcherban’, 1985).

Table 3. Physical and mechanical properties of steels

Material p,g/lem®  o,MPa KC,kJ/m*> HRC
ZHCH20H3  68-7.0 550—600 120—140 40—45
ZHCH20H3  75-76 1100 150 5057
recovery layer  7.0-7.1 1810—-2000 87-94  51-56
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The high level of the recovery layer properties is ex-
plained by the structural peculiarities of steel. Caused by
the high cooling rate in the punch matrix and immediate-
ly after stamping with rapid heat removal into the shaft
body, thermomechanical hardening of steel occurs with
the formation of a finely dispersed martensite structure.
A small reduction in impact hardness is explained by the
presence of residual porosity after hot radial compaction
and is — 2 — 3%, which when manufacturing the tribo-
technical pairs, in conditions of limited feeding of lubri-
cant, leads to an improvement in their operational proper-
ties. Moreover, steel contains about 4% of an insoluble
residue (Table 1), which is microparticles of abrasive
wheels, destroyed during grinding and embedded in a
metal base, which cannot be removed by magnetic sepa-
ration. It can be assumed that small particles having high
hardness lead to steel hardening, which increases the
level of strength properties as it was noted by the authors
(Ryabicheva & Tsyrkin, 2004; Ryabicheva, Tsyrkin, &
Beloshitskiy, 2007).

The research results of the physical and mechanical
properties of the composite material of the “hub”-type
parts recovery layer with different copper contents have
shown that the obtained composites immediately after hot
stamping have good characteristics, presented in Table 4.

Table 4. Physical and mechanical properties of the composite
of recovery layer

Addition o, MPa KC,kJ/m*  HRC
of copper, %

10 1700 — 1780 110-120 47-50

15 1610 — 1670 120 - 130 4045

20 1270 - 1310 140 — 150 33-38

When heating the wear-resistant layer to a temperature
of 1090°C, finely dispersed copper particles turn into
liquid state and the radial compaction of recovery layer
occurs in the presence of a liquid phase, which promotes
reduction of deformation loads and, most importantly,
achieving a practically non-porous state of the composite.
Therefore, an increase in the impact hardness of the reduc-
tion layer composite occurs thanks to structural changes.

The main parameters for determining the wear re-
sistance of tribotechnical pairs with different content of
copper additive in the composite material of the “hub”-
type parts are presented in Table 5.

Table 5. Tribotechnical pairs wear resistance

Addition of Frictipn Maximum lgad Linear  Linear
copper, % coefﬁ;lent, before adhesion, shaft wear,hub wear,
K Pp.aa, MPa nm/m nm/m
10 0.08 10.0 0.94 1.92
15 0.04 13.0 0.34 1.25
20 0.05 11.7 0.30 2.10

The research of wear resistance of the obtained tribo-
technical pairs preliminarily once lubricated with a
graphite-oil suspension under conditions of coal dust
contamination has revealed that with the addition of 10%
copper to the recovery layer of “hub”-type parts, with an
increase in load Py, on the machine’s spindle to
10 MPa, the friction tracks formation is observed.
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This phenomenon over time leads to the formation of
seizes and, as a consequence, to seizure, which is condi-
tioned by the high hardness of the composite layer of the
hub, the insufficient content of anti-seize copper additive,
which does not separate the microasperities of the same
particles of the solid phase.

An increase in copper in the composite layer to 15%
leads to a sharp increase in wear resistance. The for-
mation of friction tracks, seizes and seizure were not
observed until the load on the machine’s spindle was
increased to 13.0 MPa. A sharp increase in the wear
resistance of the specified tribotechnical pair was ex-
plained by means of metallographic examination of the
surface after a wear test, the cross section of which is
presented in Figure 5.

Figure 5. Cross sectional structure of the fiiction zone: 1— shaft
surface; 2 — partition surface; 3 — hub surface

In the course of metallographic studies, it has been
revealed that at high loads, a graphite-oil suspension,
having mixed with coal dust, is embedded into the sur-
face layer of the composite material of the hub. As a
result, a solid and strong non-metallic layer is formed
that separates the surfaces of friction pairs, which in-
creases the efficiency of the component, moreover, under
conditions of limited Iubricant feeding.

The introduction of copper into the surface layer of
the hub in an amount of 20% led to a deterioration in the
wear resistance of the tribotechnical pair, compared with
a 10% content. In studies during the tests, it has been
revealed that the formed graphite-carbon film, which is a
partition surface, is not able to stay on a surface with a
20% copper content, due to its low hardness. When the
load is increased to 11.7 MPa, the film is sheared, fallen
into the friction zone, then seizes appear on the surface of
the hub, which over time leads to seizure.

6. CONCLUSIONS

Thus, as a result of conducted research:

— the composition of powder, composite materials for
worn-out tribotechnical pairs restoration using techno-
genic wastes has been developed;

— it was determined that the recovered layer has high
physical-mechanical properties as a consequence of
thermomechanical hardening of the surface layer during
hot radial stamping;

—the wear resistance of the obtained tribotechnical
pairs of coupling under conditions of coal dust contami-
nation is determined;
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— it has been revealed that the introduction of 15%
copper into the composite recovery layer of a “hub”-type
part leads to the formation of a solid and strong non-
metallic layer on the surface of the partition, which leads
to an increase in the wear resistance of the tribotechnical
pair as a whole;

—a scheme has been developed for the worn-out
surfaces restoration of the “shaft — hub”-type tribotech-
nical pairs, which enables to use technogenic wastes
and to achieve the required accuracy degree for the
tribotechnical pairs of coupling without using the final
finishing machining.
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BITHOBJIEHHA TPUBOTEXHIYHUX ITAP OBJIA/THAHHSA
TTPHAYOIO0BYBHOI IPOMUCJIOBOCTI

M. Binommuekwit, I'. Tatapuenko, H. binommneka

MeTta. OOrpyHTYBaHHSI MOXJIMBOCTEH Ta po3poOKa TEXHOJIOTIT Bi/IHOBJICHHS 3HOIIEHUX TPHUOOTEXHIYHMX map obJa-
JHAHHS TIPHUYOAO0OYBHOI NMPOMMCIOBOCTI METOJAMHM Tapsidoi pajiajdbHOI HITAMIIOBKH Y IOPOILIKOBIH MeTamyprii i3
BUKOPHCTaHHSM TEXHOT'€HHHX BIIXOJIIB.

MeTtoauka. [Topomok Juis OTpuMaHHS 3HOCOCTIMKOT0 Marepialy OTPUMYBAaJIH 3 BIAXOIB MeTan0a0pa3uBHUX IIja-
MiB. BukopucroByBanm mnidysansanii mnam cram 40X10C2M, sikuit Mictuts 65 — 70% meraiy, 10 — 15% Hemertaii-
9HOI cKIanoBoi i 20% MacTIIIFHO-0XOJIOMKYBaJIbHOI PIAMHH 32 CIEIialibHOI MiATOTOBKY: MOAPiOHEHHS, POMUBAHHS,
3HEBOJHEHH, CyIKa, MarHiTHA Cemaparlisi, BiTHOBIIOBAIGHUH BiAIaN y TeHEpaTOPHOMY Ta3i. 3HOCOCTIHKICTh TpHOO-
TEXHIYHHX Tap MOPOIIKOBUX KOMITO3MIIHHUX Marepiani ominoBamn 3a JICTY 2823-94. CTeHIOBMMHU €KCIIEPHMEHTA-
JIBHUMH JIOCHIPKEHHSIMH B YMOBaxX 00MeXeHOT 1mojjaui MacTuiia Ha BUnpoOyBaibHii MamuHi Mapku CMII-3 Bu3HaueHna
3HOCOCTIHMKICTh BIOHOBJICHHX TPUOOTEXHIYHHX Map; METaaorpadivyHAMHU TOCTIHKCHHSIMHA 3°sICOBAHI MPUYMHM ITiJABH-
IIEHHS 3HOCOCTIMKOCTI; OCIIPKEHHSAMH YIIIBHEHHS! TOPOIIKIB BU3HAYEHO CKJIAJ1 3 OLIBII BUCOKUMH BIIACTUBOCTSIMH.

PesyabTaTn. Po3po0sieHO CKIaau MOPOIIKOBUX, KOMIO3MIIHHUX MaTepialiB JJs BiJHOBJICHHS TPUOOTEXHIYHUX
nap i3 BUKOPUCT@HHSM TEXHOTEHHUX BIJIXO/IB Ta TEXHOJIOTISl IX HAHECEHHs Ha MOBEpXHi neraned. OTpUMaHO 3HOCO-
CTIHKMI OPOIIKOBUH IIap JUIsl BIJHOBIICHHS JeTalleil THIy “BaJi”, IO NPALIOE y Mapi 3 KOMIO3UIIMHUM BiJHOBIIIOBa-
JIHUM IIapOM JIeTajl TUILy “BTyJKa’. BuBueHO (i3MKO-MeXaHiIuHI XapaKTEPUCTUKHU BiZIHOBHOTO IIapy 3HOUIEHUX ITOBE-
PXOHB JeTajel THITy “‘Baj — BTyJIKa~. BH3HaueHO BIUIMB MPOLIEHTHOTO BMICTy MPOTH3aIUPHOI JOOABKH HA 3HOCOCTIH-
KICTh OTPHMaHHX MaTepialiB B yMOBaX 3a0pyJHEHHS BYTLUIFHUM ITHIJIOM. 3allPpOIIOHOBAHO CXEMY BiTHOBJICHHS 3HOIIC-
HUX TIOBEPXOHb TPHOOTEXHIYHUX TAp TUIY ‘‘Bal — BTyNKa . Pe3ynpTaTé HOCITiIKEHb TO3BOJSATH MPOJOBXKUTH TEPMIiH
eKCILTyaTal(il 3HOILIEHNX AeTalleid, 0 MPHU3Be/e 10 €KOHOMIT KOLITIB Ha 3aMiHy HOBHUMH.

HaykoBa HoBHu3Ha. BusBneno, mo BBeneHHA 15% Minl B KOMIO3UUIHHUWI, BiIHOBIIOBAIBHUM INap AETaNi THUITY
“BTyJIKa” TPU3BOJMTH J0 YTBOPEHHs Ha MOBEPXHI PO3JTY TBEPAOro Ta MIIIHOTO HEMETANIYHOrO IIapy, 10 Bejae A0
MiABUIICHHS 3HOCOCTINKOCTI TPUOOTEXHIYHOT MapH.

IMpakTHyHa 3HAYHMIiCTB. 3aIIPOIIOHOBAHA CXEMa BiIHOBJIEHHS 3HOLICHUX TIOBEPXOHb METOJJOM rapsiioi pajiaabHol
IITAMITOBKH TTOPOLIKOBUX MaTepiajliB Jae MOMIIMBICTh YTHII3allil TEXHOTEHHHUX BIAXOJIB, MPOJAOBKEHHS TEPMiHY eKc-
IUTyaTalii 3HOIIEHHX JieTaleH, 0 MPU3BOIUTH /10 EKOHOMII KOIITIB Ha IX 3aMiHYy.

Knrouogi cnosa: mpubomexniuna napa, 3HoCOCMItIKICIMy, NOPOUWIOK, OiMema, 8IOHOBNEHHs, 8Y2LIbHA NPOMUCTIOBICMb

BOCCTAHOBJIEHUE TPUBOTEXHUYECKHUX ITAP OBOPYIOBAHUA
T'OPHO/IOBBIBAIOIIEN MPOMBIIIJIEHHOCTH

H. benomuuxkui, I'. Tarapuenko, H. benomuiikas

Heanb. ObocHOBaHKE BO3MOKHOCTEH U pa3pabdOTKa TEXHOJIOTHH BOCCTAHOBJICHHUS M3HOIICHHBIX TPHOOTEXHHYCCKIX
map o0opyIOBaHHS TOPHOAOOBIBAIOIIEH MPOMBIIUIEHHOCTH METOIAMH Topsiaell paguaibHON IITAMIIOBKHA B MTOPOIIKO-
BOI METAJLTYPTHH C HCIIOJIF30BAaHHEM TEXHOTEHHBIX OTXOJIOB.

Mertoauka. [Topomiok st MOXy4eHHST W3HOCOCTOMKOTO MaTephalia MONy4alld W3 OTXOMIOB METayi0adpa3sWBHBIX
nutamoB. Mcnons3oBanu numdosansHeli nuiam cramn 40X10C2M, koTopsrit conepxut 65 — 70% metamma, 10 — 15%
HeMeTaJNInYecKon cocrapisitonieii 1 20% cMa3049HO-OXJIaKIAOIIEH KUAKOCTH 10 CHEHNAIBHON HOATOTOBKE: M3MEIIb-

74



M. Biloshytskyi, H. Tatarchenko, N. Biloshytska. (2019). Mining of Mineral Deposits, 13(3), 68-75

YeHHUE, IPOMBIBKA, 00€3BOKMBAaHHUE, CYIIIKA, MATHUTHAS Ceapaliys, BOCCTAHOBUTEIBHBIA OT)KUT B TEHEPATOPHOM Tase.
N3HOCOCTOMKOCTh TPUOOTEXHUUECKUX Iap MOPOLIKOBBIX KOMIIO3UIIMOHHBIX MarepuaiioB orieHuBaiy no JACTY 2823-94.
CTeHI0BBIMU 3KCIIEPUMEHTAIBHBIMHU UCCIIEIOBAHUSIMU B YCIOBUSIX OTPAaHHMUYEHHOM MOJa4i CMa3KH Ha HCTIBITATENILHOM
MammHe Mapku CMII-3 ompeneneHa U3HOCOCTOMKOCTh BOCCTAHOBIICHHBIX TPUOOTEXHIUYECKUX Map; MeTamutorpadude-
CKHMHU HUCCJIEJOBAHUSIMHU BBISICHEHBl MPUYUHBI MMOBBIIIEHUS U3HOCOCTOMKOCTHU; MCCIEAOBAHUAMU YIUIOTHAEMOCTH IO-
POIIKOB ONpeJIeNIeH COCTaB C 0ojiee BHICOKMMHU CBOMCTBaMHU.

Pe3yabTaThl. Pa3zpaboTaHel cocTaBBI MOPOIIKOBEIX, KOMITO3UIIMOHHBIX MAaTEPHAJOB IJIi BOCCTAHOBJICHUS TPHOO-
TEXHUYECKHUX I1ap C MCIOJIB30BAHNEM TEXHOTCHHBIX OTXOIIOB M TEXHOJIOTHS WX HAHECCHHS HA TIOBEPXHOCTH JIETAJCH.
[Momy4deH H3HOCOCTONKMI MOPOIIKOBBIN CIIOW JUTSI BOCCTAHOBJICHUS JeTalel THIa “Bai”’, paboTalonIwii B mape ¢ KOMIIO-
3UIUOHHBIM BOCCTAHOBUTEIbHBIM CIIOEM JeTaiu Thna “Bryika”. M3ydeHbl (U3MKO-MEXaHMYECKUE XapaKTEPUCTHUKU
BOCCTAHOBHTEIBHOTO CJIOS W3HOIICHHBIX ITOBEPXHOCTEH MeTajeil Tuma “Bai — BTynka . OmpeneneHo BIMSHUE TIPO-
LIEHTHOTO COZAEP KaHUs MPOTUBO3aAUPHON T00aBKH Ha H3HOCOCTOWKOCTP MOJTyYE€HHBIX MAaTEPHATIOB B YCIOBHUSIX 3arps3-
HEHHS YTOJIbHOW MbUIbI0. [IpemioskeHa cxeMa BOCCTAHOBJICHHUS M3HOIICHHBIX MMOBEPXHOCTEH TPUOOTEXHUYECKUX Map
TUMAa “BaJl — BTyJKa . Pe3yibpTaThl ucciaenoBaHui MO3BOJIAT MPOUIUTh CPOK IKCIUTyaTallMM W3HOUICHHBIX JeTajel, 4To
MPUBEAET K YKOHOMHUU CPEJICTB HA 3aMEHY HOBBIMH.

Hayunasi HoBu3Ha. BeisiBieHo, uro BeegeHue 15% menu B KOMIIO3ULMOHHBIN, BOCCTAHOBUTENBHBIA CJIOW JeTalln
TUNa “BTYJIKA” MPHUBOAMT K OOpA30BAaHHIO Ha MOBEPXHOCTH Pa3/ieiia TBEPIOTO M IPOYHOTO HEMETALTHYECKOTO CIIOS,
YTO BEJICT K IMOBBIIICHUIO U3HOCOCTOMKOCTH TPHOOTEXHUIECKOH MaphI.

IpakTHyeckas 3HAYMMOCTB. [IpeiokeHHas cxeMa BOCCTAaHOBIICHHS H3HOIICHHBIX MOBEPXHOCTEH METOAOM TO-
psAYel paguanbHON IITAMIIOBKH IMTOPOUIKOBBIX MAaTEpHANIOB IAET BO3MOXKHOCTH YTHIIM3AIIMH TEXHOTEHHBIX OTXOJIOB,
MIPOJICHHSI CPOKA IKCIUTyaTalluy H3HOIIEHHBIX JEeTajei, 9TO MPUBOAUT K SKOHOMHUH CPEJICTB HA MX 3aMEHY.

Knrouegwte cnosa: mpubomexnuueckas napa, u3HOCOCMOUKOCHb, NOPOULOK, OUMEMAI, 80CCIMAHOBNEHUE, Y20NbHAA
NPOMBIUIEHHOCTD
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