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ABSTRACT

The creation of competitive products with a high degree of science intensity is impossible
without the use of innovations. However, in their creation process does not always comply with
the environmental safety requirements, which leads to negative consequences for the natural
environment and human health. This article presents the results of research work group of
authors to create wear-resistant polymer composites and their rational use in the processes of
parts manufacturing machines running under the impact of the abrasive particles in the absence
or limited admission Lube. A method of applying a metal coatings on fibers and powders, in
which a metal coating layer with a thickness from 50 nm is applied to the surface by thermal
decomposition organometallic compounds vapour using CVD-method, and device for molding
polymer composites pressure. Developed innovative polymer composites based on polyamide-
6.6 reinforced with metallic fibers and powders used for the manufacture of parts of
construction, emergency rescue and other types of equipment. As a result of conducting a
comprehensive study reported an increase resources manufactured parts relative serial assembly
units. The ecological nature of the creating polymer composites in the conditions of small
innovative enterprises was ensured by conducting the process in a closed cycle with the
possibility of re-use of the reagents. This eliminated the flow of pollutants into the environment
and allowed the implementation of the principles of resource and energy conservation.
Keywords: CVD-method, organometallic compounds, polymer composites, resource saving,
environment safety, innovations.
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Introduction

The functioning of innovative enterprises is one
of the conditions for the progressive development
of the economy of a modern state. The possibility
of obtaining an innovative commercial product in
medium and small-scale production provides
undeniable advantages in the development of the
sales market and the search for optimal product
characteristics for the consumer. At the same time,
in the conditions of small innovative enterprises,
there are objective prerequisites for the
implementation of technological processes, taking
into account the requirements of technosphere

safety, energy and resource saving through the
development and implementation of low-waste
technologies, as well as the involvement of regional
natural resources in production processes [[1], [2],
(31, [4]].

When creating a new composite at an
enterprise operating on the basis of a scientific
center (university, scientific institute, etc.), the
possibility of approbation of the current results of
scientific research (technologies and equipment) at
the stages of development and experimental design
is of particular importance. At the same time, the
most difficult and interesting task is the choice of
the optimal composition and technological regimes
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that ensure the production of materials with
desired physical, mechanical and operational
properties. It is necessary to take into account the
whole range of operating factors of machine parts
and equipment for which it is intended, testing
various options for the composition and ratio of the
material components. Such tasks are of an explicit
research nature and require deep study at the
theoretical and empirical levels of research using
the methods of thermodynamics, electron
microscopy, energy dispersive X-ray spectroscopy,
as well as bench and operational tests of samples of
materials and parts of machines and equipment.

The purpose of this study is to analyze the
possibilities and prospects for developing an
environmentally friendly method for producing
composites based on thermoplastics, the use of
which in small-scale production will ensure the
creation of an innovative product.

Experimental Part

Composites based on thermoplastics are widely
used in various industries, including mechanical
engineering and repair production in the
manufacture and restoration of machine parts
operating under the influence of wear factors and a
corrosive environment. The required properties
(wear resistance, hardness, heat resistance,
shrinkage, etc.) are obtained by combining the
characteristics of the matrix and filler [1].

To achieve optimal compatibility of the filler
elements with the matrix, they were metallized by
the CVD method of organometallic compounds in
the technological modes presented in the works
([1], [511.

The study of the quality of metal coatings was
carried out using a two-beam system (small dual
beam, FIB / SEM) in a scanning electron microscope
Quanta 3D FEG.

Obtaining images and parts from polymer
composites based on polyamide - 6.6 was carried
out using a device for injection molding of
thermoplastics and composites based on them
under pressure [6].

Bench and operational tests of images and
parts made of polymer composites were carried out
on the basis of state and interstate standards:

- state standard 18616-88 “Plastics. Method

for determining shrinkage”,

- state standard 11629-2017 “Plastics.
Friction Coefficient Determination
Method”,

- state Standard 21341-2014 “Plastics and
ebonite. Method for determining heat
resistance according to Martens".

Research discussion

As part of the research activities of the authors,
the development of methods for obtaining
wearresistant  polymer composites for the
manufacture and restoration of mating parts of
road construction, emergency rescue, tillage and
mining machines using the Chemical Vapor
Deposition method (CVD), that is, "chemical vapor
deposition”) of organometallic compounds (OMC).
Using this method, it is possible to improve the
characteristics of the filler elements of the
composite through their metallization, achieving
optimal adhesive compatibility with the matrix [[5],
[6]].

The essence of the CVD method is to convert
the initial OMC into a vapor state by evaporation or
sublimation and deposition of the metal on the
surface of the substrate heated to the
decomposition temperature of the OMC.

Figure 1 shows the general scheme of the
process.

Evaporatio

[OMC] liquid
[OMC] Sublimation

powder

. Re lated
[OMC] Decompositon [Meta|]+
gas products

Figure 1 - General scheme for implementing the OMC
CVD method

When implementing the OMC CVD method, an
active atomic background is formed, which is
accompanied by a spontaneous thermodynamically
favorable arrangement of the substance on the
metallized surface and contributes to obtaining a
uniform metal coating with a thickness of 50 nm to
200 mm on substrates, incl. complex configuration
(powder particles, fibers, etc.) [[5], [7]].

As initial metallization reagents, carbonyl,

cyclopentadienyl and bisarene OMCs can be used,
which have the volatility required for the CVD
method, the absence of aggressiveness with
respect to the substrate and the equipment used,
as well as a relatively low decomposition
temperature (up to 600°C), which is important for
implementing the principle of energy saving of
technological process [[8], [9], [10]].

When carbonyl organometallic compounds of

nickel, iron, molybdenum, and other metals are
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Table 1 — Nomenclature and Characteristics of Initial OMCs, Substrates, and CVD Metal Coatings

Substrate Original OMC Coating
, Size, , Temperature, °C ) Thickness,

View . View Basis .
microns Evaporation / Expansions microns

sublimation

Glass fibers 5-10 Ni(CO)a 30 60 - 200 Ni 0.01-0.05
Carbon fibers (diameter) Ni(CsHs)2 100 400 - 450 Ni 0.50-1.00
:aar:z:des of quartz |15 280 Fe(CO)s 100 60 - 250 Fe 0.50 - 1.00
xsezt;' powders PG- | 155 500 | Mo(CO)s 40 130 - 400 Mo 0.08-0.10

used as initial reagents, the main reaction of the
process is the thermal dissociation of OMC:

M (CO), ——xM +yCO,

where M is a transition metal of groups V ... VIII
of the Periodic system of chemical elements of D.I.
Mendeleev;

t — decomposition temperature OMC, °C.

The implementation of the process is based on
changing its temperature regime at the stages of
transferring the initial OMC to a vapor state and the
interaction of the OMC with a substrate heated to
the temperature of its decomposition. The ongoing
chemical reactions are reversible, which makes it
possible to ensure the cyclicity of metallization and
to use the initial reagents that have not come into
contact with the substrate in the repeated stages of
the process. This ensures low waste and resource
saving for technological processes of metallization
using the CVD method.

Table 1 lists the filler (substrate) elements of
composites obtained using the OMC CVD method
[1].

Figure 2 shows the appearance of metallized
powders and fibers obtained by the CVD OMC
method.

Figure 2 — Cross-section of glass fibers and quartz sand
powder particles metallized by the CVD OMC method

To obtain composites based on thermoplastics
using modified fillers by injection molding, to study
and optimize their properties in order to achieve
the characteristics required specific
operating conditions, a device has been developed,
the scheme of which is shown in Figure 3.

With this device, which is compact and simple
in design, it is possible to obtain a wide range of
samples of materials and parts. The principle of its
operation is based on filling the melt accumulator
with 9 thermoplastic granules (formaldehyde-
dioxolane copolymer, polyamide-6, polyamide-6.6,
acrylobutadiene styrene plastic, low-pressure and
high-pressure polyethylene, polypropylene, etc.)
and a filler of the appropriate type (metallized
powders, granules, fibers 5 - 7 mm long) in the
required amount (from 1 to 50% (wt.) and their
uniform heating to the melting temperature of the
thermoplastic (180 - 250°C)).

The formed melt, using a cylindrical pusher, fills

under

the cavity of the mold 11, in which it is kept under
pressure at the pressing temperature for a given
time. Then the pressure is released, the mold 10 is
cooled, the finished material sample (part) is
removed [6].
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Figure 3 - Scheme of the device for molding composites

under pressure: 1 - base; 2 - body; 3 — thermocouple; 4 -

heater; 5 - cylindrical pusher with plasticator; 6 - stock; 7

- flywheel; 8 - threaded cover; 9 - melt accumulator; 10 -
mold; 11 - mold cavity

Figure 4 shows a composite based on
polyamide-6.6 (PA 66) with a filler in the form of
short glass fibers metallized by the CVD method
(the initial reagent is nickel tetracarbonyl), a sample
of which was obtained by injection molding using
the developed device [1].

Figure 4 - Polyamide-6.6 armed with glass fibers in a
nickel film

Comparative characteristics of composites
based on polyamide-6.6 filled with metallized
powders and fibers are presented in Table 2.

The developed composites were studied for the
possibility of using for the production and
restoration of machine parts (sliding bearings, seals
for hydraulic system parts, etc.) operating in
corrosive and abrasive environments with a limited
supply of lubricants.

In particular, based on the analysis of a set of
material properties, load-speed modes and
operating conditions for the manufacture of guide
bearings for the outreach mechanism of an MTA-
160 crane installation with a maximum load of 10
kN, the optimal composite is polyamide-6.6 filled
with metallized carbon fibers; filling - 20% (wt.).

Figure 5 shows a general view of the
manufactured parts.

Figure 5 — Guide supports of the MTA-160 crane
installation, made of polymer composite

In the course of operational tests of four crane
installations in construction organizations of the
Tver region of the Russian Federation, it was found
that the wear of guide supports made from the
developed polymer composite is 60 - 70% less than
that of similar serial parts made from the VMT
"Sipas"composite.

Table 2 - Comparative characteristics of composites based on polyamide-6.6 obtained by the developed technology

Type and content of the filler
. Meggﬁ;‘;’gﬂs Carbon fibers Glass fibers Partlcles';’c:gquartz
Properties %
oMC (macc.) omMmcC % (wt.) omMmcC % (wt.) omMmcC % (wt.)
Mo(CO)s | 10-50 Ni(CsHs)z 10-20 Ni(CO)4 10-20 Fe(CO)s 10-50
Hardness, MPa 111 -140 110-138 110-150 115-151
Shrinkage, % 0.60-1.30 0.85-1.50 0.90-1.60 0.62-1.40
Heat resistance
according to 140 - 230 144 - 210 115-190 150 - 205
Martens, °C
Friction coefficient
. . 0.11-0.19 0.07-0.08 0.09-0.10 0.25-0.38
without lubricant
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Conclusions

Firstly, a fundamental
development of an environmentally friendly
technology for the production of polymer
composites is proposed, which is based on the
principles of low waste and resource saving,
implemented through innovative solutions to
optimize the properties of the filler through
metallization by the CVD method of organometallic
compounds.

Secondly, a device for molding composites
based on thermoplastics under pressure has been
developed, characterized by compactness,
reliability, structural simplicity, controlled
consumption of raw materials and a wide range of
obtained samples of materials and parts, using
which composites based on thermoplastics filled
from 10 to 50% (wt.) powders and fibers metallized
by the CVD method OMC, having shrinkage during
injection molding 0.6 - 1.6%, friction coefficient

approach to the

resistance 115 —230 °C.

Thirdly, the results of comparative bench and
operational tests of samples of materials and parts
substantiate the feasibility of using the developed
technology in the conditions of small innovative
enterprises in the restoration and manufacture of
machine parts.
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LLafbIH MHHOBALMUANDBIK K3CiNOpbIHAap KaFgaubiHAA NOAMMEPAI KOMNO3UTTEPA;
OHAiPYAiH 9KONOrMANDbIK Ta3a TEXHONIOTUACDBIH }Kacay MYMKIHAITIH 3epTTey

!Kosbipesa /1. B., 2Kosbipes B. B.,  ®aaees O. B.

1 Teepb Memaekemmik mexHUKasnbiK yHusepcumemi, Teeps K., Peceli
2 Teepb MeMaeKkemmIiK ayblawapyawslaelK akademuscel, Teeps, Peceli

TYWIHAEME

FruIBIMABL aca KaxeT eTeTiH Oocekere KaOTeTTi oHIMAI HHHOBALHMSIIAPCHI3 jKacay MYMKIH eMec.
bipak omapzsl urepy GapbIChIHIa KOIOTHSIIBIK KayilCi3IiK TajanTapsl caKraiga Oepmeiii, Oy
TabWFM OpTa MEH ajaM JIeHCAayJBIFBIHA JKAFBIMCBI3 JKarmaimapra okeneni. Makamama To3yra
Te3IMi MOIMMepITi KOMITO3UTTEPIi jkacay XKOHE ONlapibl Maifay MaTepHalIapbIHBIH KOKTHIFBI
HeMece JKeTKi3iiMi ImekTeyli »kaFjaiia abpa3suBTIK OeIIIEKTEepIiH ocepiHeH KYMBIC icTelTiH

Makana kenj: 30 KaHmap 2022 MalllMHa OeNIIeKTepiH OHIIpyae YThIMABI MaianaHy OOWBIHIIA aBTOPIAP TOOBIHBIH FBUIBIMHU-

Capantamagat eTTi: 25 aknan 2022 3epTTey IKYMBICTapbIHBIH HoTikenepi Oepinmren. CVD  omiciMeH TanmiblKTap MEH YHTaK

KaBbinaaHabl: 24 Haypois 2022 OenmiekTepiHe MeTayul KaOBIHOAPBIH Kary oJici o3ipieHai, oOHJa yeTannopraHHKaan
KOCBUTBICTAP/IBIH OYIapbIHBIH TEPMUSUIBIK BIIBIPAYBl apKBUIBI CyOCTpar OeTiHae KalblHIbEs 50
HM-JIEH  KOII KabaThl maiijga Oonmamel JKOHE ONIAPABIH  HETi3iHIeri
TEPMOIUIACTUKTEP/Il KOHE KOMIIO3UTTEP i KbICBIMMEH KaJbINTayFa apHaJIFaH KYPbUIFbI JKacaybl.

MCTa.]'I)IaHZ[Hp bIJIFaH

MeTall  KaObIH
TaJIIBIKTAPMEH JKOHE YHTAaKTapMEH HBIFAHTBUIFAaH  IOIHamMuia-6.6
HeTi31Heri WHHOBALMSUIBIK IMOJUMEPIi KOMIIO3UTTEp KOJ KYPBUIBICBIHA, aBapYSIIBIK KYTKapy
JKoHe 0acka Jja TeXHHKa TypJIepiHe apHaiIFaH OeJIIeKTep/ i )kacay YIIiH naiganansuiasl. Kemenai
3epTTeyll JKy3ere achlpy HOTIDKECIHIE CEpHSUIBIK KypacThpy KOHIBIPFUIAPEIHA KATBICTHI
OHIIpUIreH OeoJmIeKTepAiH pecypchl yiFaiasl. IllaFelH  MHHOBAUVSUIBIK — KOCIIOPBIHAAP
JKaFIaiibIHAA TONMMEPINi KOMIIO3UTTEPAl ally TEXHOJOTHSCHIHBIH OKOJOTHSIBIK Ta3aJIBIFbI
peareHTTep/i KaiiTa maiiganaHa OTBHIPBIN MPOLECTi TYMBIK LUKIAE XKYPridy apKbUIbI KAMTaMachl3
erineni. byn KopiiaraH oprara JacTaymibl 3aTTap/blH TYCYiH OONABIPMAiilbl jKoHE pecypc IeH
SHEPTUSHBI YHEM/ICY KaFUIaTTapbIH iCKE acbIpyFa MYMKIiHIK Oepei.
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UccnepoBaHue BO3MOXKHOCTHU pa3p860TKM 3Konoruyecku 6esonacHom TexHonorum

noayyeHnAa NoIMMeEepPHbIX KOMMNO3UTOB B YC/Z1I0BUAX MaJibiX UHHOBALMOHHDbIX

npeanpuaTUii
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Moctynuna: 30 aHeaps 2022
PeueHsupoBaHue: 25 pespansa 2022
MpuHAaTa B Neyatb: 24 mapma 2022

AHHOTAUMA

Co3fiaHMe KOHKYPEHTOCNOCO6HOM NPOAYKLMU C BbICOKOW CTENEHBIO HAYKOEMKOCTM HEBO3MOMXKHO
6e3 npMmeHeHMA MHHOBaUMi. OgHAKO B npouecce Mx paspaboTku He Bcerga cobnogatotcs
TpeboBaHWUA 3KONOrMYecKol 6e30nacHOCTM, YTO MPUBOAMUT K HEraTMBHbIM MOCAEACTBUAM ANA
NPUPOAHON cpeapl M 340pOBbA YenoBeKa. B cTaTbe NPMBOAATCA pPe3y/abTaTbl HayyHO-
nccnepoBaTeNbCKo paboTbl KOMNEKTUBA aBTOPOB NO CO34AHWUI0 U3HOCOCTOMKMX MOSIMMEPHbIX
KOMNO3UTOB U UX pauMOHaibHOMY NMPUMEHEHUIO B npoueccax U3rotosneHna ,quaneﬁ MaLnH,
paboTatoLLMX B YCOBUAX BO3AENCTBUA abpasmBHbIX YacTUL, NPM OTCYTCTBUM MAN OrPaHUYEHHOM
NOCTYN/IEHUN CMa30uHbIX MaTepuanos. PaspaboTaH Cnocob HaHECeHWs MeTaNNNYeCcKuX
MOKPbLITUIA Ha BOJIOKHA M MOPOLLKOBble YacTuubl CVD-mMeToaoM, B KOTOPOM Ha MOBEPXHOCTM
NoANOXKKM GOPMUPYETCA CNOM METANIMYECKOTO MOKPLITUA TONLMHOW OT 50 HM MocpeacTBOM
TEPMUYECKOTO PA3/IOKEHMA NMAPOB METANIOOPTaHUYECKUX COEANHEHWMI, U YCTPOMCTBO ANA NUTbA
TEPMONIACTOB M KOMMO3UTOB Ha MX OCHOBE MoA AasieHuem. MHHOBALMOHHbIE NOAUMEPHbIe
KOMMO3UTbl Ha OCHOBE MO/MamMmnAa-6.6, aPMUPOBAHHOMO METANNN3NPOBAHHBIMU BOIOKHAMM U
NOpPOLIKaMKU, NPUMEHAAUCL AR W3TOTOBNEHWUA AeTanei A0POXKHO-CTPOUTENbHOM, aBapuitHO-
crnacaTteNlbHOW W ApYrMX BWAOB TEXHUKWU. B pesynbTaTe peanvsaumm  KOMMIEKCHOTO
nccnepoBaHma 3adUKCMPOBaAHO YBENMYEHME Pecypca M3roTOB/IEHHbIX AeTanell OTHOCUTENbHO
CepuitHbIX CBOPOYHBLIX  eAMHUL.  DKONOTMYHOCTb TEXHONOTMM  MONYYEHWA  MNOAMMEPHbIX
KOMMO3UTOB B YC/IOBMAX MasiblX MHHOBALMOHHbIX NpeanpuaTMii obecneynBaeTca nposeaeHnem
npoLecca B 3aMKHYTOM LMKNE C BO3SMOXKHOCTbIO NMOBTOPHOrO MCNO/Ab30BaHWUA PEAreHToB. ITO
WCKNIOYUT NOCTYNAEHME 3arpAsHAOWMX BELLECTB B  OKPYXKAMOLWY Cpesy W NO3BOAUT
peann30BaTb NPUHLMIbI PECYpco- 1 aHeprocbepekeHms.

Kmiouyeewie cnoea: CVD-meTos, METaNNo0praHMYeckme CoeanHEHUA, NOMMEPHbIE KOMMO3MUTbI,
pecypcocbepexeHune, akonormieckas 6e3onacHoCTb, MHHOBaLMK.
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