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Abstract. The purpose of the study is selecting the optimal composition of antifriction composites alloyed with re-
fractory metal sulfides in copper-based systems and developing the design of a laboratory plant for the production
of sinter by pyrolysis of coke chemistry production resins. The object of the study is antifriction composites based on
rare metal sulfides and coke chemistry production resins. The methodology of the work is determined by the use of
modern physical and chemical research methods and modern software systems. As a result of the studies, the proba-
ble chemical reactions between compounds of copper and rare metals: molybdenum, tungsten with and without the
participation of carbon, have been compiled. The optimal compositions of antifriction composites based on copper
and rare metal sulfides have been determined, and a laboratory plant has been designed for the production of sinter
by pyrolysis of coke chemistry production resin. The scope of the results is materials science and technology of new
materials. Based on the thermodynamic analysis of various reactions that are likely to occur during the preparation
of the cladding carbon lubricant composition based on powdered copper and carbon with the addition of rare metal
sulfides (MoS,), the most appropriate component composition of the charge has been selected. In this case, a reduc-
ing agent is used: soot obtained from resins of coke production that has an amorphous structure and does not have
solid impurities. The main choice was made on the formation of metallic copper and disulfides of rare metals in the
presence of active carbon. The most probable reaction is the formation of metallic copper and molybdenum disulfide
in the presence of carbon. Carbon and copper are macro-components of the lubricant, and rare metal sulfides are ad-
ditives that improve its plasticity. It is also important that carbon does not contain abrasive impurities and has certain
hardness and fineness. These qualities are ensured in the production of black carbon using coke chemistry resins. To
obtain black carbon, a laboratory plant has been designed that will be used for the pyrolysis of resin from the coke
chemistry production.

Keywords: tribotechnical properties, copper sulfide, molybdenum sulfide, copper oxide, coke resin, antifriction com-
posites, thermodynamic analysis.

Introduction. It became possible to develop a
material with a set of specific properties for a spe-
cific friction unit through the use of a compositional
approach in the formation of a future material. The
analysis of this problem shows that there are no in-
dustries in the country that provide modern mechan-
ical engineering with such materials.

In the overwhelming majority of cases, to improve
the tribotechnical characteristics of copper-based ma-

E3 terials, various additives (titanium, nickel, chromium,

and iron compounds) and graphite, molybdenum di-
sulfide, and fluorides are introduced into their com-
position. To improve the characteristics of iron-based
alloys, graphite, copper, molybdenum, phosphorus,
and sulfur are added to them. Sulfides, selenides,
fluorides, etc. are also introduced into the composi-
tion. These measures make it possible to expand the
boundaries of using such materials, to increase their
wear resistance and load capacity [1, 2].

In mechanical engineering an urgent task is to



improve the tribotechnical properties of these materi-
als. This is achieved by selecting the optimal chemical
composition, introducing solid lubricants, etc.

The variety of matrix binders, fillers, and multi-
functional additives makes it possible to control the
properties of the developed composites [3-5].

The purpose of the work is to carry out a thermo-
dynamic analysis for the preliminary selection of the
most optimal composition of the initial mixture with
the formation of the necessary interaction products
at the temperature of the friction units of various ag-
gregates, as well as to predict possible side reactions
leading to undesirable products in the presence of
impurities.

The novelty of the work is the use of a reducing
agent based on the pyrolysis products of coke chem-
istry resin and their impact on the copper oxide re-
duction process, as well as the expected formation
of complex thiosalts based on copper and rare metal
sulfides, which can give new properties to the clad-
ding lubricant or require adjustment of the heat treat-
ment condition and composition of the mixture.

There are many works where graphite and such
additives as molybdenum sulfide are used as the
main component. However, graphite is a high-tem-
perature reducing agent and can contain foreign in-
clusions of an abrasive nature. It is also known the
use of finely dispersed copper powder in composi-
tion with graphite and lubricating oils [6-8]. Carbon
and copper are macro-components of the lubricant,
and molybdenum sulfide is an additive that im-
proves its plasticity. It is also important that carbon
does not contain abrasive impurities and has certain
hardness and fineness. These qualities are ensured in
the production of black carbon using coke chemistry
resins. Therefore, to obtain a reactive reducing agent,
carbon black and pitches obtained from the resins of
Shubarkulkomir JSC have been proposed.

In the production of coke chemistry, resins are
formed that, despite the possibility of obtaining a va-
riety of compounds, are not widely used. At the same
time, resin and some products of its pyrolysis (soot,
pitch) could be used as a pure reducing agent for
the reduction of metals at lower temperatures. This
would make it possible to use them to obtain pure
metals, their powders (copper, noble metals), since
the excess can be removed by raising the tempera-
ture. Therefore, in this work, this possibility is used,
taking into account the fact that an excess of finely
dispersed carbon (pitch, soot) is also included in the
composition of the lubricant. Copper oxide, being the
main component of the initial mixture, is needed to
obtain finely dispersed copper under the reducing
action of the sinter. The composition of the sinter in-
cludes hydrocarbons and other organic compounds
that are oxidized by copper oxide oxygen, forming at
certain ratios black carbon or hydrocarbons that are
poorer and have a high evaporation temperature.

Research methods. In this work, with the use of
the HSS-5.1 Chemistry (Outokumpu) software pack-
age, a thermodynamic analysis of a series of reactions
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that are assumed to occur during the heat treatment
of reaction mixtures has been carried out, the results
of which are probabilistic in nature [4]. The possibil-
ity of adjustments is also related to the fact that the
formation of basic thiosalts based on copper and rare
metal sulfides is allowed, which could not be ther-
modynamically assessed due to the absence of their
initial thermodynamic functions.

The probable chemical reactions involving com-
pounds of copper and rare metals: molybdenum,
tungsten and vanadium with and without participa-
tion of carbon, are presented below (reaction equa-
tions 1-6):

20u,0 + MoS, = MoO, + 20u,S, 1)
6Cu0 + 2MoS, = 3Cu,S + 2Mo0, + SO,(g),  (2)
ACuO + MoS, + C = 20u,S + CO, (g) + MoO,,  (3)
4CUO + MoS, + 2C = 20u,8 + 200(g) + MoO,,  (4)
2000 + MoS, + C = 20u + CO,(g) + MoS,,  (5)

20u0 + MoS; + C = 20uS + CO,(g)+Mo.  (6)

Research results. The results of the thermody-
namic analysis, the probable chemical reactions in-
volving compounds of copper, molybdenum and
carbon are shown in Figure 1.

Taking into account the conditions of heat treat-
ment of charge mixtures up to 300°C, Table shows the
results of the thermodynamic analysis of probable
chemical reactions.

The most probable is the reaction of metallic cop-
per and molybdenum disulfide formation in the pres-
ence of carbon (reaction 3). The reduction of molyb-
denum to metal is undesirable, since molybdenum
sulfide has a layered structure and greater ductility.
It is more expedient to use a mixture according to re-
action 3.

According to the obtained data, the probability of
molybdenum disulfide oxidation in the presence of
copper oxide is high and the formation of copper mo-
lybdate is possible. Such a transformation is possible
at the stage of obtaining a cladding lubricant, and it
is not known what effect it will have when using it.

The need to take into account the low cost and
availability of raw materials and reagents requires
consideration of the possibility of using different
component composition of the reaction mixture.
Therefore, based on the thermodynamic analysis of
various reactions that are likely to occur during the
preparation of the cladding carbon lubricant com-
position based on powdered copper and rare metal
sulfides (MoS,, WS, un V,S;), the most appropriate
component composition of the charge was selected.
In this case, there is used a reducing agent, soot ob-
tained from resins of coke production, which has an
amorphous structure and does not have solid impu-

rities. The main choice was made on the formation HEEEH
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of metallic copper and molybdenum disulfide in the
presence of carbon (reaction 3).

Carbon and copper are macro-components of the
lubricant, and molybdenum sulfide is an additive
that improves its plasticity. It is also important that
carbon does not contain abrasive impurities and has
certain hardness and fineness. These qualities are en-
sured in the production of black carbon using coke
chemistry resins.

There has been designed a laboratory plant (Fig-
ure 2) for the production of pitch by pyrolysis of res-
ins from the coke chemical production. The material
of the pyrolysis plant is iron. Body (1) has the shape
of a round or rectangular tube, which is heated by
open resistance furnace (7) with a thermostat. Liquid
or solid lump resin is fed through hopper (2) and the
performance is adjusted to determine the optimal
melt heating temperature. The temperature of the
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Figure 1 — Results of thermodynamic calculations of chemical reactions with participation of copper
and molybdenum at different temperatures

Temperature dependence of the Gibbs energy of the most appropriate reaction in charge mixtures based on black

carbon, metallic copper and molybdenum sulfide

Reaction No. Reaction equation DeltaH, kcal DeltagG, kcal
100°C 300°C 100°C 300°C
3 2CuO + MoS, + C = 2Cu + CO,(g) + MoS,
-19.752 -20.494 -36.400 -45.164
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1 - body of the pyrolysis plant in the form of a pipe; 2 — hopper for loading resin; 3 — pipe for exhaust gases; 4 — partition
for isolating gases from adjusting the level of the resin melt; 5 — drain hole for high-temperature melt (sinter);
6 — branch pipe for complete draining of the melt; 7 — heater; 8 — case for thermocouple

Figure 2 — Diagram of a laboratory plant for producing the carbon component of a high-temperature lubricant by
means of coke chemistry production resin pyrolysis




melt is controlled using a device with covered ther-
mocouple (8). The gaseous pyrolysis products are
discharged through branch pipe (3) that is connected
to the condenser. The melt slowly moves to discharge
unit (6) and at the outlet should not contain volatile
components such as toluene. Partition 4 serves to iso-
late the volatiles from the sinter and to form vacuum
from the side of tube (3), if needed.

When developing a sketch of the plant, the known
conditions for the pyrolysis of resins have been taken
into account [9, 10].

Resins from coke production have a complex
composition and contain various volatile and heavier
hydrocarbons. At the same time, heavy hydrocarbons
are environmentally friendly reducing agents that in-
teract with oxides to form water and soot. The latter
is a macro-component of the cladding lubricant that
has a finely dispersed structure.

The pyrolysis plant is designed to carry out the
pyrolysis process under continuous conditions with
the condensation of volatiles.

It is expected that the use of pyrolysis products of
coke chemistry resins will expand the scope of its ap-
plication not only within the framework of this work
but also for other purposes, for example, to obtain
pure powders of metals: copper and noble metals.
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AHOamna. 3epmmey0diH MaKcamel — MbicC HeaiziHOeai #ylienepde 6asy 6aaKUMbIH Memasnsn cyneghudmepimeH Kocna-
AAHFOH GHMUPPUKYUAALIK Komno3ummepdiH oHmalinel KYypameliH maHoay #HaHe KOKC XUMUAbIK ©HOIpiciHiH walibl-
pbl MUPOAU3IMeH CreK aay ywiH 3epmxaHasnblK KOHObIPFbIHbIH KOHCMPYKUUACLIH 33ipney. 3epmmey obbvekmici cupek
mMemanoap cyneguomepi MeH KOKCOXUMUSAAbIK BHOipicmiH walbipaapeiHa HezizoenzeH aHMUGPUKYUALIK KOMIMIO-
3ummep 60nbin Mabbinadsl. KymeicmolH 30iCHAMAChI Ka3ipai 3aMaHFbl PU3UKA-XUMUALIK 3epmmey 30icmepiH HaHe
3amaHayu 6aroapnamansik keweHoepdi KondaHyMeH aHbIKMAAaodsl. 3epmmeysep HamuiceciHoe KemipmeKmiH Kameoi-
CYbIMEH YIHE KambICYybIHCbI3 MbIC MeH cupek KesdecemiH memandap — MmonuboeH, 80a1b6hpamM KocCblabicmaps! apa-
CbIHOa 60X aMObI XUMUABIK peakyuanap xacandel. Homuxenepdi KoaAOaHY canacel-Mamepuanmaxy #aHe HaHa
mamepuandap mexHosozuscsl. Cupek memandap cynbgpuomepiH (MoS,) Koca omelpbin, YHMAK mapi3di meic neH
Kemipmek HeziziHOe #aanamolaraH Kemipmexkmi malinayObiH KOMAO3UYUAbIK KYPAMbIH aay Ke3iHoe ap myp:ni peakyu-
A1apObIH MepMOOUHAMUKA/bIK Maandaybl HeziziHoe WUKIKYPAaMHbIH eH Koaaliabl KOMIOHeHMMIK Kypamel maHoa0bI.
Byn #cardalioa momebiKCbI30aHObIPFbIW KOMAOAHbIAAObI-AMOPEMbI KYPblabiMbl 6ap #aHe Kammbl KOCMaaapbl HOK KOKC
XUMUSAAbIK OHOIpICiHIH walibipaapbliHaH aneiHFaH Kyle. Hezizei maHOay b6enceHOi KemipmeKmiH KambiCybiMeH CUpeK
KesdecemiH memasns MeiC neH oucynbudmepoiH, mysiny peakyuanapsiHa HezizoenzeH. KemipmekmiH KameicybimeH
Memaris Mbic neH mosauboeH OucynbgudiHiH my3iny peakyusacsl bIKMuManobiFbl #oFapel. Kemipmek rneH moic-6ya mali-
naydblH, MAKPO KOMIOHEeHMmepi, an cupeKk KezodecemiH memann cynbgudmepi — OHbIH, UKeMOinieiH ¥axkcapmamelH
Kocnanap. CoHAali-aK, KemipmekmiH KypameiHOa abpa3usmi KOCrasnap #oK #aHe benzini 6ip KammbiabiK rneH ipinik
60s1ybl MaHbI30bI. byn Kacuemmep KOKC XUMUACbLIHbIH WallblpaapbiHaH Kemipmeeai any apKblasl KAMMAMAcel3 emineoi.
Kylie kKemipmeaiH any ywiH 3epmxaHasblK KOHObIPFbIHbIH KOHCMPYKYUACLI 33ipsaeHOi, 01 KOKCOXUMUSAbIK OHOipicmiH
waliblpbl MUPOAU3IH Hypeidy ywiH nalidanaHsinamsiH 607a0bl.

Kinm ce30ep: mpubomexHuKanoelK Kacuemmepi, Mbic cynbgudi, monuboeH cynbgudi, MbIC OKCUOi, KOKCOXUMUAbIK
watliblp, GHMUGPUKYUAALIK KOMIO3Uummep, mepmMoOUHAMUKA/bIK Manaoay.
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AHHOmMayus. Llens uccnedos8aHus — 86160p ONMUMAIbLHO20 COCMABA AHMUPPUKUUOHHBIX KOMITO3UMOo8, /1e2upo8aH-
HbIX Cynbghudamu mya0rnaas8Kux Memassnos, 8 CUCMeEMAx Ha OCHOB8e Medu U pa3pabomka KOHCMpyKyuu nabopamop-
HoU ycmaHoBKU 0417 Mosy4YeHusA CreKka nuposu30mM CMOsIbl KOKCOXUMUYeCKoz20 rnpou3sodcmea. Ob6bekmom ucciedosa-
HUSA A8A1A10MCA AHMUGPUKYUOHHbIE KOMMIO3UMbl HQ OCHOBE CYAbhuUO08 PedKUX Memasisio8 U CMOsIbl KOKCOXUMUYECKO20
npouszsoocmea. Memodosnozua nposedeHus pabomesi onpedendemcs nPUMeHeHUemM CO8PeMeHHbIX (hU3UKO-XUMuUYe-
EEXH cxux memodos uccnedosaruli u cospemMeHHbIX MPO2PAMMHBIX KOMIEKCos. B pesynbmame nposedeHus uccnedosa-
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Hull 6blau cocmasneHbl npednosngzaemble XUMUYECKUE PEAKYUU MeHOy coeOUHEeHUAMU mMedu U pedKux memassos
— monub0eHa, 8osbhpama ¢ yyuacmuem u 6e3 yuacmus yenepoda. OnpedesneHsl 0NMUMAAbHbIE COCMABbI AHMUPPUK-
YUOHHbIX KOMIO3UMOo8 Ha OCHose Medu U Cysabghudos pedKux memansaos, pazpabomarHa 1a6opamopHas ycmaHo8Ka
018 MosyYyeHuUsa creKka nuposu3oM CMOsbl KOKCOXUMUYECKO20 npou3sodcmead. Obaacme npumeHeHUs pes3ysnemamos
— mamepuanosedeHue U MexHoM02UA HOBbIX MaMepuasnos. Ha ocHOBAHUU MepMOOUHAMUYECKO20 GHAAU3A PA3/UY-
HbiX peakyuli, 8epoAMHbIX NPU MoAyYeHUU KOMMO3UYUOHHO20 COCMasa naakupytoweli yenepodHol cMa3Ku Ha 0CHose
nopowkKoobpasHoli medu u yenepoda ¢ 0obasneHuem cynb@udos pedKux memassnos (MoS,), ebibpaH Haubosee nood-
X00AWUl KoMIOHEeHMHbIU cocmas wuxmsl. [1pU 3Mom UCMob3yemcs 80CCMAHO8UMESb — CAXA, MOAYYaeMasn U3 CMOos
KOKCOXUMUYECKO20 Mpou3800cmed, Komopas umeem amop@hHyo CmpyKmypy U He umeem maepobix npumeceli. OcHos-
Holi 8b160p 0OCMAHOB/EH HA peaKyusax 0bpazosaHus memassau4eckoli meou u Oucynbghudos pedKUx Memasisnos 8 rnpu-
cymcmeuu aKkmueHo20 yenepodd. Haubosbwyro 8eposmHocmMe uMeem peakyus o6paso8aHus memasnnuveckoli medu
u oucynsguoa monuboeHa 8 npucymcmeuu yenepooa. Y2nepod u medb A87910MCA MAKPOKOMIIOHEHMAMU CMA3KU, d
Cynbuobl pedKux memansanos — 006a8KAMU, YAy4WaroWUMU eé naacmu4yHocme. TaKMe 8ax#ctHO, Ymobbi y2a1epod He
codepxcan abpasusHsix npumeceli u umesn onpedesneHHy0 meepdocms, KpyrnHOCMb. mu Kadyecmesa obecrne4yusaromcs
MpuU MoAYYEHUU CaXUCMOoR20 yaa1epodd U3 CMOs KOKCOXUMUU. /15 MoAyYeHUs CaXucmozo yenepoda pa3pabomaHa KOH-
cMpyKyuA nabopamopHoli ycmaHosKuU, Komopas 6ydem ucrnosns308aHa 014 NpPoeedeHus nuposau3ad CMOsIbl KOKCOXUMU-
YecKo20 Npou3e00cmad.

Knrouesoie cnosa: mpubomexHuveckue ceolicmaa, cynbdud meou, cysnbgpud moauboeHa, oKcud medu,KOKCoXUMuYe-
CKasA CM0a, GHMUMPUKYUOHHbIE KOMI03UMbl, MepMOoOUHAMUYeCcKUl aHau3.
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