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Multifunctional coating is a multi-layer structure applied to the surface of an aircraft to protect it from external in-
fluences. The main tasks of the multifunctional coating are: restoration of properties, overall dimensions, mass of the
surface of the product, which were violated under operating conditions; changing the initial physical, mechanical and
chemical properties of the product surface to ensure the specified operating conditions. Today multifunctional coatings
based on micro glass spheres with applied tungsten are widely used in aerospace engineering. However, this coating
has a number of disadvantages: the coating layers heterogeneity, the composition contains a harmful and dangerous
component — a fluorone dye. In this article it is suggested to replace the main component of a multifunctional coating
with finely dispersed graphite powder obtained by electrolysis. For this purpose, the equipment based on the principle
of a diaphragm electrolyzer was constructed. The main elements of the device are a stainless steel cathode and a graph-
ite anode immersed in an aqueous solution. As a result of anodic processes, a finely dispersed graphite powder
was obtained. The average particle size of the resulting graphite particles is 4 microns. This finely dispersed graphite
powder can be used as the main component of a multifunctional coating in aircraft, since it has an even homogeneous
structure, as well as higher values of the main mechanical properties of a multifunctional coating.

Keywords: multifunctional coating, fine graphite powder, electrochemical action, molecular oxygen, diaphragm
electrolyzer.
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Muozogynkyuonanbrhoe nokpvimue — 3mo MHO2OCIOUHASL CMPYKMYPA, HAHECEHHAsL HA NOBEPXHOCTb IeMAMENbHO20
annapama 015t 3auumsl Om GHewHUX go30ecmeuil. OCHOBHBIMU 3A0aUaMU MYTbMUPYHKYUOHATILHO20 NOKPHIMUSL 56~
JISIIOMCSL: 60CCMAHOBIICHUE CEOLUCMS, 2AOAPUMHBIX PA3MEPOS, MACCHL NOBEPXHOCTIU U30eUs, KOMOpbie Obliu HapyuleHbl
6 YCIOBUAX DKCIIYAMAYUL, USMEHEHUE UCXOOHBIX (PUIUKO-MEXAHUUECKUX U XUMUYECKUX CBOUCTNE NOBEPXHOCMU U30e-
Just, Ost obecneuenust 3a0anmblx ycaosutl sxcnayamayuu. Ce200Hs 8 a3POKOCMULECKOU MEXHUKE UUPOKO NPUMEHSIONI-
€5 MHO2OMDYHKYUOHAIbHBIE NOKPBIMUSL HA OCHO8e MUKpOCmeKiocgep ¢ HanecéuHvim gonvpamom. Taxoe noxpwimue
obadaem KOMNAEKCOM HeOOCMAmMKO8: HeOOHOPOOHOCMb COEE NOKPHLIMUSA, 8 COCIABE UMeemCsl 8PeOHbIl U ONACHbIL
KOMNOHeHm — hryoponoswlil Kpacumens. Ilpednazaemcs ucnoivb306ams 6 Kauecmee OCHOBHO20 KOMNOHEHMA MHO20-
@DYHKYUOHAIbHO2O NOKPBIMUL MEIKOOUCNEPCHBII 2papumossiti NOPOULOK, NOJYUEHHbIU INeKMPOIU3oM. s 9moeo
CO30aHO YCMPOUCMB0, C paszdelieHuemM aHOOH020 U KAMOOHO020 NPOCMPAHCMEA Nymem UCHOIb3068AHU OUAPpazmol.
OCHOBHBIMU DTIEMEHMAMU YCMAHOGKU SIGISIOMCSL KAMOO U3 Hepiicageloweti Cmaiu i 2pagumosslii anoo, NOZPYHCEHHbIL
6 8OOHbIll pacmeop. B pesynvmame aHoOHbIX npoyecco8 NoayueH MeaKoOUCnepcHblll nopouwiok uz epaguma. Cpeonui
pasmep noayueHHvIX yacmuy epaguma cocmasisem 4 Mkm. JJanHbll MeIKOOUCNEPCHBLI 2PAdUmosnlil NOPOULOK MONC-
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HO UCNONb3068AMNb 8 KAYECMEe OCHOBHO20 KOMNOHEHMA MHO2ODYHKYUOHATBHO20 NOKPLIMUS 8 JeMAmMeNbHbIX annapa-
max, maxk Kaxk o obnadaem posHOU OOHOPOOHOU CMPYKMYPOU, a makdice 6ojee GblCOKUMU 3HAYEHUSIMU OCHOBHBIX

MeXAHUYeCKUX CBOLUCMmE MH020¢yHK14u0Ha]le020 HNOKDbBIMUAL.

Kniouegvie cnosa: mmoeoghynkyuonanvHoe nokpvimue, MeakoOUCHepCHbLI 2pagumosslii ROPOULoK, d1eKmpoxumuye-

cKoe go30eticmaue, OuadpacMeHHblIl 2IeKMpPOoaU3Eep.

Introduction. The main purpose of a multifunctional
(functional gradient) coating in aerospace engineering is
thermal protection, protection against ionizing, electro-
magnetic and radio radiation and laser beam reflection.
The secondary purpose of a multifunctional coating in
rocketry is to increase strength and rigidity of product
external parts, as well as to protect them from corrosion
and erosion [1].

Multifunctional coating structure and composition
description. Multifunctional coating structure is rather
complicated. It consists of four main components such as:
a catalyst, a fluorone dye, a low-molecular polymer, and
dispersed filler [2—4].

The main component of the multi-functional coating is
a dispersed filler: micro-glass spheres modified with
tungsten, that is, hollow particles of micro-glass spheres,
on the surface of which a tungsten coating is applied. Mi-
cro glass spherical particles have various shapes: sphere,
cube, parallelepiped, flake, cylinder, hexagon, various
fibers, etc. [5-7]. Fig. 1 shows a schematic cross-section
of the multi-functional coating layer, where you can see
various shapes of microspheres and the chaotic arrange-
ment of dispersed filler particles in the layer.

This filler is compatible with a low-molecular poly-
mer. It is dispersed (emulsified) in the polymer to form a
homogeneous composite mass [8-9]. Fig. 2 shows the
outer appearance form of the dispersed filler modified
with tungsten.

Multifunctional coating which consists of the de-
scribed above components is actively used in aerospace
engineering today [10], however there are many disadvan-
tages: a dangerous and harmful component Rhodamine

6G [11], components high price, high labor cost for ob-
taining a composite mixture, heterogeneity of the coating
layers (due to the variety of forms of dispersed filler, see
fig. 1), which involves additional machining operations to
obtain a layer of multifunctional coating of a given thick-
ness.

Scientific research main idea. These disadvantages
can be eliminated by using dispersed carbon filler [12]
made on the basis of graphite with a hexagonal crystal
structure.

Graphite is an allotropic form of carbon. It has a hex-
agonal crystal lattice. In a single crystal carbon atoms are
arranged in parallel layers (basic planes). In each layer,
the atoms are bound together by a strong home polar
bond, due to this structure; graphite has anisotropy of
physical and electrical properties [13].

Graphite powder was obtained by electrochemical
method of — the anodic oxidation of high-strength fine-
dispersed dense graphite of the MPG-6 brand. It is a
widely used form of industrial graphite [14]. It is a dis-
persed modification of hexagonal polymorphic carbon.
Unlike coarse-grained graphite, it is characterized by a
powdery fine-dispersed structure. Basic physical and
chemical characteristics are presented in table.

It can be seen from table that in comparison with the
micro-glass sphere with deposited tungsten (=0.62 g/cm3)
the density of MPG-6 graphite is much higher. It means
that the main mechanical properties (breaking stress at
separation, ultimate strength, hardness) of the multifunc-
tional graphite-based coating will be of higher values in
comparison with the coatings used today in aerospace
engineering.
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Fig. 1. Schematic section of one layer of a multifunctional coating
with micro glass spheres in the composition

Puc. 1. CxemMaTnuHsIi cpe3 cl10si MHOTO(YHKIMOHAIBHOTO TIOKPBITHS
¢ MHKpOCTeKIochepamMmu



Cubupckuil scypHan Hayku u mexvoaoeui. Tom 21, Ne 4

Fig. 2. The appearance of the dispersed filler modified with tungsten

Puc. 2. BHemHuit BUI IUCTIEPCHOTO HAMTOJTHUTEI,
MOAUGHUIPOBAHHOTO BOJIb(HpaMoM

Basic physical and chemical characteristics and properties of grade MPG-6 graphite

Ne m/m ITapametp 3HaveHune
1 Mass fraction of ash, not more than % 0.02
2 Density, g / cm® 1.65
3 Thermal conductivity coefficient W / mxK 95
4 Tensile strength at compression, MPa, not less 73
5 Tensile strength at bending, MPa, not less 343
6 Hazard class according to GOST 12.1.007 4 (low risk)

Scientific research description. For the graphite
powder production a special device was created, fig. 3
shows its schematic diagram The unit consists of a cylin-
drical body (7), inside which the electrodes: cathode (2),
anode (3) are placed. Between the electrodes there is a
cylindrical perforated container (4), with a canvas cloth
inside (5), which acts as a diaphragm. A graphite elec-
trode of the MPG-6 brand is used as the anode. Current
leads (7) and the anode (3) are installed on the cover. The
cold tap water which has been kept for 810 hours in an
open glass container at room temperature is used a work-
ing medium.

A perforated container with a diaphragm is coaxially
installed in a container with a cathode. After that some
water is poured into the near-cathode and near-anode
space up to the same level. Then a cover with the anode is
installed and voltage is applied to the electrodes. The
process of electric current transfer starts by ions moving
to the electrodes in the electrolyte and electrons in the
external circuit. Positively charged ions migrate to the
cathode, and negatively charged ions migrate to the anode
under the influence of the electric field. The electron
transition takes place on the electrodes. The cathode re-
leases electrons into the solution and reduction processes
occur in the near-electrode space. The processes of elec-
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tron transfer from reacting particles to the electrode —
oxidation takes place in the near-anode space [15—18].

Anodic oxidation and cathodic reduction form the ba-
sis of the electrolysis process that occurs in the device. In
the first six minutes when the electric current is passing
through the anode, the C*" ion is formed from carbon at-
oms [19; 20]:

C’—de—>C* )

A hydrate shell is formed around C** ions. The hy-

drated ions formed stay in the water:
C* +H,0 > C(HZO)n 2)

Immediately after the unit is switched off, the cover
with the anode is removed and the end of the anode is
placed on the film. The obtained water solution is dried;
as a result, graphite particles (a fine powder) remain on
the film.

Scientific research results. The graphite powder was
examined with a digital microscope. The photo of the
graphite powder obtained using a digital microscope is
shown in fig. 4.

As we see in fig. 4, the particles of the obtained pow-
der reach the desired size of 0.004 mm.
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Fig. 3. Schematic diagram of the device:
1 — fluoroplastic device body; 2 — stainless steel cathode; 3 — graphite anode;
4 — cylindrical perforated container; 5 — tarpaulin-based fabric; 6 — plastic cover;
7 — current leads; V) — cathode space volume; ¥V, — anode space volume

Puc. 3. [lpuHuunuansHas cxema yCcTpoHCcTBa:
1 — xopmyc u3 groporuiacta; 2 — KaToJ| U3 HepKaBeroLlel crainu; 3 — aHoa U3 rpadura;
4 — nuHApUYeckas nephoprupoBaHHas EMKOCTb; 5 — Ope3eHToBast TKaHb; 6 — KPHIIIKa;
7 — TOKOHOBOBL; V) — 00BEM NPUKATOMAHOIO IPOCTPAHCTBA; V; — 00BEM IIPHAHOJHOTO
MPOCTPAHCTBA

Fig. 4. A photograph of the graphite powder obtained during the experiment

Puc. 4. I'paduTOBBII OPOIIOK, OJYYCHHBIH B XO/I€ IKCIICPUMEHTA
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Fig. 5. A graphite powder image, magnified up to 0.001 mm

Puc. 5. Cuumok rpaduroBoro nopoiika, ¢ ysenudenueMm 1o 0,001 mm

Fig. 5 shows the image obtained with a video measur-
ing device of the TESA-VISIO 300GL laser principle
with a magnification of up to 0.001 mm.

In fig. 5 the granular microstructure of the powder can
be seen, which means that the particles have a suitable
hexagonal shape. Due to such form of the graphite pow-
der particles the multifunctional coating will have
a smooth uniform structure, since the particles are tightly
bound to each other.

The smooth, uniform surface structure of the multi-
functional coating layers eliminates the necessity of using
the extraction-photometric quality determination method
with the use of the xanthene (fluorone) dye — Rhodamine
6G, a toxic and dangerous component.

Conclusion. In fig. 5, there is a granular structure of
the powder, which means that the particles have an almost
regular octagonal shape. The multifunctional coating will
have a smooth uniform structure, due to the graphite
powder particles form as the particles are tightly bound to
each other.

The smooth, uniform surface structure of the multi-
functional coating layers eliminates the necessity of using
the extraction-photometric quality determination method
with the use of the xanthene (fluorone) dye — Rhodamine
6G, a toxic and dangerous component.

Thus, the dispersed carbon filler (graphite powder ob-
tained by electrolysis from MPG-6 graphite with a parti-
cle size of approximately 0.004 mm) provides the follow-
ing advantages:

1. Elimination of the 2nd hazard class toxic substance —
Rhodamine 6G from the multifunctional coating composi-
tion.

2. Higher values of the main multifunctional coating
mechanical properties, due to the high particle density of
the main component (1.65 g/cm’ for graphite powder, in
comparison with micro-glass spheres modified with tung-
sten ~0.62 g/cm®).

3. The main component lower cost of (<9500 ru-
bles/kg for graphite powder, compared to 103000 ru-
bles/kg for micro glass spheres modified with tungsten).

4. Labor cost reduction in the production the multi-
functional coating by eliminating mechanical processing
(saving up to 10 % of the total labor intensity of the multi-
functional coating production), due to the smooth homo-
geneous structure of the main component.
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