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2. Plasmochemical synthesis and structure of carbon nanotubes layers intended for the creation of composite
coatings

Pedepar:

1. lucepraiiio NpuCBA4YEHO BUPIlIEHHIO aKTyaJlbHOI HAYKOBO-TEXHIYHOI 3a/1a4i CTBOPEHHS KOMIIO3ULIITHUX
IIOKPUTTIB 31 3MilIHIOI0Y0I0 KOMIIOHEHTO!0 Y Burisni BHT. 3anpornoHoBaHo HOBY (peHOMEHOJIOTIUHY MOJeJIb
IVHaMiKU [IPOTiKaHHS (i3MKO-XiMiUHUX MIPOLECIB AYTOBOrO PO3Psly BUCOKUX TUCKIB 3 BUIIAPOBYBAaHUM aHOJIOM Ha
IpenQyrdux B pO3psIHOMY IPOMDKKY HAHOYACTKAax 3 aTOMIB Byriewto. [lokazaHo, 0 BU3HAYaJIbHY POJIb B
€BOJIIOLLii CKJIQIHUX BYTJ€lb-METaJ€eBUX HAHOYACTOK BiJlirpae iOHHA KOMITOHEHTA CyMillli [1apiB ByTJIeL0, METAiB,
rasis. BcranossieHo napamerpu cunresy BHT Ha npomuciosiit ycranosui HHB-6,6 Tuny «bysnaTt». BurotosieHo
IpKepeJio ioHiB (po3psanHa KoMipKa TUny I1eHHiHra), JOIIOBHEHE CUCTEMOIO €JIEKTPOCTAaTUYHOTO KEPYyBaHHS
[1JIA3MOBUM IIOTOKOM. BUBYEHO BILJIMB I1J1a3MOBOi KOMITIOHEHTU Ha npouecu cuHte3y BHT. [TokasaHo, mo n1ogaBaHHs

B 30HY cuHTe3y BHT 1151a3M0BOi KOMIIOHEHTH POGOYOTO razy J03BOJsie OTPUMYyBaTH Ha migkianui SiO2 noKpuUTTs y



BUIJISAAi wapy opieHToBaHux BHT BucoTomo 1o 10-11 MKM Ta 3MEHIINUTY TeMIiepaTypy cuHTe3y Ha ~150°C. BucyHyto
Ta peasizoBaHo ifeto GopmyBaHHs nUdYy3iliHOTO 6ap’epy Ha OBEPXHSX CILIaBiB Mapok BT1-0 ta BT6 y Burssai
rigpuaHux cnoJyk. [TokasaHo, o 36inblIeHHs [MUO6MHN HAaBOAHEHOTro 1apy rnosepxHi cinasy BT1-0 3 ~100 um 1o
~200 HM [103BOJIsI€ 36inbINTY KisibKicTh BHT Ha opguHuI0 miomi B ~25 pasiB. Po3po6yieHO Ta BUTOTOBJIEHO
IPUCTPIl 1711 BAKYYMHOT'O BUIIaPOBYBaHH4 Mizi. [Tokas3aHo, Mo Mifib, HAHECEHA PO3PO6IEHUM CIIOCOOOM

HanuseHHs MeTasiB Ha BHT, piBHOMipHO BKprBae MOBEPXHIO TPYOOK i IPOCTIp MK HUMU.

2. The thesis is devoted to the solution of the actual scientific and technical problem of creating composite
coatings with a reinforcing component in the form of CNTs by the experimental study of the processes of
synthesis of carbon nanostructures using CVD (chemical vapor deposition) and PECVD (plasma enhanced CVD)
methods on metallic and nonmetallic substrates and studying the conditions for the formation of coatings on their
separate stages. A new phenomenological model of the physicochemical processes dynamics during the carbon
atoms evaporation from anode in arc discharge of high pressures (2-5-104 Pa) is proposed. It is shown that the ion
component of the carbon, metal and gas vapors mixture plays a decisive role in the evolution of composite carbon-
metal nanoparticles. This idea was used in the formulation of the further experimental studies. The parameters of
CNT synthesis by the CVD and PECVD methods in industrial installation of ion-plasma sputtering NNV-6,6 «Bulat»
were established: the thickness of the catalyst film at which an effective desired morphology CNTs synthesis
occurs is ~10-15 nm, while the sizes of catalytic centers suitable for the growth of CNTs are within the range of ~5-
50 nm. It is established that the substrate temperature growth in different experiments from 500° C to 800° C
leads to a more efficient synthesis of CNTs. In order to obtain the carbon ion component with a predetermined
energy, the ion source based on a Penning-type discharge cell was designed, fabricated and used. The Penning
source was supplemented with patented system of electrostatic control of the plasma flow from the cell. The
effect of the plasma component on the CNT synthesis processes and the formation of an amorphous carbon
component on the substrates and the resulting nanostructures surfaces is studied. It has been established that the
addition of oxygen to the synthesis zone makes it possible to vary the thickness of the amorphous layer due to the
formation of gaseous carbon oxide, which is removed by pumping out from the vacuum chamber. It is shown that
the combination of adding of a working gas plasma component to the CNT synthesis zone with supplying a
displacement potential to the heating stage allows obtaining the coating on the SiO2 substrate as a layer of
oriented CNTs up to ~10-11 um in height. In order to realize the synthesis of CNTs directly on substrates made of
titanium alloys VT1-0 and VT®6, the idea of forming a diffusion barrier on their surfaces is proposed and
implemented. As a diffusion barrier, the hydride compounds, which are implementation phases and can effectively
trap the diffusion of metal catalyst atoms deep into the substrate material, were chosen. Based on the results of
gravimetry data, the dependence of the hydrogen penetration depth on the hydrogen saturation parameters (gas
pressure, substrate temperature, hydrogenation time) was established. It is shown that the increase in the depth of
the surface hydrogenated layer of the VT1-0 alloy from ~100 nm up to ~200 nm allows increasing the amount of
CNT per unit of surface up to ~25 times. The device for copper vacuum evaporation was designed and
manufactured. The results of copper surfaces coating with CNTs are shown. Using a comparative quantitative SEM
images analysis of the initial state with the deposited layer, the coating layer thickness was established (~ 100 nm).
It is shown that copper deposited by the developed method of metals sputtering on CNTs evenly covers the entire
surface of the tubes, and evenly fills the space between the tubes.
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