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Carbon nanostructures (CNS) were synthesized by the electric arc plasma chemical method during the
evaporation of a high-quality graphite electrode of the brand “fine-grained dense graphite ” (FGDG-7) filled with a
catalyst (Pt), which was evaporated in a helium environment. In the synthesis process, the following were
synthesized: multi-walled (MWCNT) and single-walled carbon nanotubes (SWCNT), fullerenes, graphene packets
and nanocomposites. A deposit in the form of growth on the cathode electrode was also synthesized. All synthesis
products were analyzed at the micro- and nanolevels, which made it possible to analyze the influence of platinum
vapors on the formation of carbon nanomaterials (CNM). The non-uniform distribution of catalyst atoms (platinum)
in the products of electrochemical synthesis in a gas medium using FGDG-7 graphite was investigated.

During the analysis, it was found that platinum is in the state of the face-centered cubic (FCC) lattice and is
distributed in the synthesis products as follows: the core of the deposit is less than < 0.001 %, the shell of the deposit
is less than < 1 %, the wall soot is more than > 1 %. The morphology and composition of the platinum deposit,
which has a hexagonal graphite structure with an admixture of a rhombohedral graphite phase, was studied. In the
studies, differential thermal analysis in air (TG, DTG, DTA) was carried out, which made it possible to identify the
composition of the synthesis products. It is an established fact that the parts of the deposit with platinum are more
heat-resistant compared to the deposit components that do not contain Pt. The resulting carbon nanotubes (CNTS) in
diameter (5-25 nm) and length (1.5-2 um) do not differ from those obtained without the participation of platinum,
except for some anomalies.

When studying the suitability of platinum-containing carbon nanostructures for 3D printing of CJP (ceramic
printing) technology, it was found that for the use of platinum-containing carbon black, it is necessary to carry out a
preliminary short-term treatment, namely, grinding in special “ball mills” or rubbing through a fine sieve with
minimal effort to create uniformity product. Previous studies have shown that such platinum-containing carbon
nanostructures can already be used in 3D printing of CJP technology, or to create new composites for 3D printing
technologies of FDM, SLA.

Keywords: carbon nanostructures, platinum (Pt), fullerenes, graphenes, deposit, plasma, electric arc synthesis,
plasma chemical synthesis, 3D printing, CJP technology

INTRODUCTION reduce the cost of fuel cells. We propose to create
carbon  nanostructures  (CNSs)  containing
platinum (Pt) and use them to manufacture of fuel
cells. This will make it possible to reduce the
content of platinum in fuel cells to a minimum
and significantly decrease their cost. The creation

Today, the main problem of fuel cells using is
the need for metals of the platinum group (mainly
platinum and its alloys). The main efforts are to
replace platinum or limit its quantity, which will
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of such a fuel cell by an automated system of CJP
3D printing technology will allow the production
of cheap fuel elements for hydrogen energy.

Currently, carbon nanostructures can be used
not only in the design of fuel cells, but also to
solve the problem of efficient hydrogen storage
[1-6]. Such ANS are capable to compete with
existing materials for hydrogen storage [7-35]. It
is possible that in the future the “fullerite — metal
— hydrogen” system will become a modern
advanced means of hydrogen storing — the most
ecologically clean source of energy.

Today, the synthesis of carbon nanotubes
(CNTSs) and other CNSs is carried out by various
methods: laser evaporation of metal-graphite
electrodes; plasma chemical evaporation of
graphite in the gas phase [36-37] and liquid
environment in the presence of catalysts [38];
catalytic pyrolysis of carbohydrates [39-41]; in
the presence of organometallic compounds
(ferrocene, phthalocyanines); catalytic
dismutation of carbon monoxide and others [39].

The method of plasma chemical vaporization
of graphite in the gas phase is relatively
widespread and quite effective, because it allows
to obtain both soluble [42-52] and insoluble
carbon nanomaterials (CNM) [53-56]. In
addition, this method allows one to control
synthesis modes, use different gas environments,
and most importantly, to achieve a high yield of
CNM with a given morphology and properties.
Today, various CNMs are actively used in the
creation of new composites and materials
[57-65].

However, to date, the processes of oxidation
of CNM deposit — a product that is formed on the
cathode in the process of plasma chemical
synthesis in the gas phase - remains
insufficiently studied. Understanding of these
processes would allow us to identify the forms of
carbon. As will be shown, both CNTs and
graphenes are present in the deposit.

In the work, it is planned not only to create
carbon nanomaterials containing Pt, which are
suitable for 3D printing, but also to study the
morphology and structure of the obtained carbon
nanostructures.

EXPERIMENTAL STUDIES

The method of plasma-chemical synthesis in
a gas environment provides for the possibility of
evaporation or spraying of the anode electrode,
which allows to obtain various synthesis products.
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Evaporation of the electrode is a mode of
plasma-chemical synthesis, during which the
anodic component passes into the atomic state,
creating the conditions of the CNS synthesis
zone. Fullerenes and fullerene-like structures are
synthesized precisely during this evaporation of
the electrode.

Electrode spraying is a mode of plasma-
chemical synthesis in which the anodic
component does not pass into the atomic state.
As a rule, this process occurs at a high speed of
the cathode electrode feeding. Under such
conditions, the anodic component does not have
time to transition into the atomic state, and the
graphite component of the anode is loosened.
Our studies of plasma-chemical synthesis
products according to the given regime indicate
the process of forming of graphene packets
modified by the applied catalyst.

For the synthesis of CNS containing Pt
atoms, by the plasma chemical method, the
evaporation mode of a consumable anode
electrode was used. The experimental equipment
for the plasma-chemical synthesis consists of a
vertical cylindrical reactor (Fig. 1), in the center
of which there is a holder (Fig.1b(3)) of a
consumable anode electrode (Fig.1b (9)), and
inside from below — a holder Fig. 1 b (2)) of non-
consumable cathode electrode (Fig. 1 b (7)). In
the process of plasma-chemical synthesis, a
plasma is formed between the electrodes
(Fig. 1 b (1)) [66], in which the consumable
anode electrode evaporates. The reactor chamber
is filled with helium (Fig. 1 b (4)).

Two types of electrodes are used in plasma
chemical synthesis: a consumable anode
electrode (Fig.1b(9)) and a non-consumable
cathode electrode (Fig.1b(7)). The non-
consumable cathode electrode moves along the
axis of the reactor (Fig.1b(13)), and the
consumable anode electrode evaporates in the
plasma (Fig. 1 b (1)) [66], under a pressure of
0.02-0.09 MPa in a helium gas environment
(Fig. 1 b (4)). Thus, uniform distribution of wall
soot (Fig.1b (5)) on the entire wall of the
reactor is ensured and almost the same
thermodynamic conditions are achieved for the
synthesis of all CNMs and their condensation.

Electrodes made of high-quality fine-grained
dense graphite (FGDG-7) were used for the
synthesis of CNM. To introduce the catalyst into
the zone of plasma chemical synthesis, a hollow
graphite anode was used, into which the catalyst
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(platinum) was placed in the form of a wire,
which was fixed in the anode cavity with pressed
graphite dust (Fig. 1 b (10)). The cavity of the
anode electrode is located along the axis of the
reactor (Fig. 1 b (12), 2).

On the cold walls of the reactor
(Fig. 1 b (12)) in the process of plasma chemical
synthesis in a gaseous environment, the wall soot
(Fig. 1 b (5)) which is the main product of the
synthesis, is formed, and on the cathode
electrode a deposit (Fig. 1 b (6)) is synthesized
which is a byproduct.

Wall soot contains soluble and insoluble
carbon nanostructures, the nucleation of which
occurs in the synthesis zone. Soluble carbon
nanostructures include fullerenes, endofulle-
renes, and fullerene-like products. Insoluble
carbon nanostructures include carbon nanotubes,
graphene and graphene packets.

The deposit (Fig. 1 b (6)) is a by-product of
synthesis, which is formed on the cathode
electrode in the form of an outgrowth, always

along the of the anode electrode axis. As our
research shows, the deposit consists of a core
and a rind. Physico-chemical studies of the
morphology of the deposit indicate that the
structure of the core and the rind depends on the
catalyst present in the zone of plasma-chemical
synthesis.

The core of the deposit (Fig.1b (8)) is a
component of the deposit formation, which has
its own structure and consists of CNTSs, and is
firmly connected to the rind of the deposit. But,
as the experiments show, if a catalyst is used in
the process of plasma chemical synthesis, the
core of the deposit is formed as an independent
structural component and is easily separated
from the rind.

The rind of the deposit (Fig. 1 b (11)) is the
outer layer of the deposit formation component.
It has its own structure and consists of
graphenes, graphene packets and CNTs, and is
also strongly connected to the deposit core
during catalyst-free synthesis.

—_—p

Water for cooling

Water for cooling

Fig. 1. Plasma-chemical installation of synthesis in a gaseous environment. a — scheme of a cylindrical reactor for
plasma-chemical synthesis of CNS in a gaseous medium: 1 — plasma; 2 — cathode holder; 3 — anode holder;
4 — helium-containing environment; 5 — platinum-containing wall soot; 6 — deposit; 7 — non-consumable electrode
(cathode); 8 — the deposit core; 9 — consumable electrode; 10 — wire catalyst fixed with graphite dust; 11 —the
deposit rind; 12 — reactor wall; 13 — axis of the CNS synthesis reactor; b — general view; ¢ — appearance of

Pt-containing deposit on the cathode

During plasma chemical synthesis, the
evaporation of the anode made of pure graphite
(FGDG-7) and of the anode doped with a
platinum catalyst, occurs (Fig. 1 b (9), Table 1).
The process of plasma chemical synthesis in the
presence of a Pt catalyst lasts 40 min longer,
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despite the fact that the length of the platinum-
doped anode is shorter than that of the graphite
anode without the catalyst (18 and 21.1 cm,
respectively). Evaporation of a platinum-
containing electrode is accompanied by
fluctuations in current (175-225 A) and voltage
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(35-37 V), while evaporation of a graphite anode
occurs at a current of 185-200 A and a voltage
of 30-33 V. This can be explained by the higher
evaporation temperature of the Pt-containing
anode.

After the evaporation process of the
platinum-containing electrode, the mass of the
synthesis product (deposit and wall soot) is much
higher than the similar parameter of the product
obtained by evaporation of the graphite anode
without a catalyst. It was found that a significant
mass of synthesized CNS is located in the wall
soot. This allows us to assume that in the process
of plasma chemical synthesis, a large number of
platinum atoms move to the zone of lower
pressures and temperatures, namely, to the
periphery of the CNS synthesis zone, until they
cool and condense on the reactor wall
(Fig. 1 b (12)).

Table 1. Conditions and results of plasma-chemical synthesis

The length (5 cm) and mass (44.99 g) of the
Pt-containing deposit significantly exceed the
parameters of the deposit obtained during
evaporation of the graphite electrode (length
2.1cm; mass 7.5 g) (Table 1). This allows us to
assume that in the process of synthesis, platinum
atoms reorganize carbon atoms, which allows for
the formation of CNS on the cathode electrode in
the form of a deposit. Pt-containing deposits are
resistant to plasma precursor temperatures, as they
are formed under such conditions, and are also
characterized by a sufficient level of electrical
conductivity due to the fact that an electric arc is
formed from the closer core of the deposit to the
anode electrode. Such an electric arc creates the
necessary conditions for the formation of a
deposit coaxial to the anode electrode.

C C-Pt

Composition Pure graphite Graphite and Pt
Cathode length 8.4 cm 8.4 cm

" Anode length 21.1cm 18 cm

5 Catalyst (lengthxwidth) - 11x0.1 cm

5 Current 185-200 A 175-225 A

S Voltage 30-33V 3537V
Vacuum meter 0.190-0.174 atm 0.70-0.13-0.33 atm
;Qli ;temperature of the reactor cooling 31 °C 25 oC
Synthesis environment Helium Helium
Mass of wall soot 10.400 g 24.690 g
Mass of the deposit 7.500 ¢ 44.990 g

% Mass of chips of graphite anodes 4.700 g 8.495¢g

& The remainder of the anode 6.6 cm 1.8cm
Deposit length 2.1cm 5cm
Synthesis time 2h 2 h 40 min

Deposit. During the synthesis, when the Pt-
containing anode evaporates, an outgrowth
called a deposit is formed on the non-
consumable electrode (cathode) (Fig.1c). The
deposit consists of a loose core formed by multi-
walled carbon nanotubes (MWCNTSs) with a
minimal number of structural defects (Fig. 2), as
well as a strong rind formed by layered graphite-
like structures containing a smaller amount of
MWCNTs.
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When a graphite electrode doped with
platinum is evaporated, a much denser core is
formed than the core obtained by the non-
catalytic method of synthesis. It has a columnar
structure oriented parallel to the deposit axis.
The synthesized columnar structures have a
diameter of 100-150 um (Fig. 3 a, b, ¢) and, in
turn, are formed from conglomerates of bundle-
like MWCNTs with a diameter of 4-25nm
(Fig. 4 ¢).
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During the plasma-chemical synthesis of
Pt-containing CNS, not only empty CNTs are
formed, but also tubes with various structural
anomalies. They have a more developed outer
surface and some inclusions. X-ray microanalysis
data indicate a small content of platinum in the

core (up to a hundredth of a percent), and the
presence of hexagonal graphite with an
admixture of the rhombohedral phase of graphite
was recorded in all parts of the deposit (core and
shell).

Fig. 2. Loose core of the deposit: a — general view of the core conglomerates; b — conglomerate of MWCNT
beams; ¢ — beams MWCNT - the components of the conglomerate

Fig. 3. Morphology of the core of Pt-containing deposit (PEM), formed by the joint evaporation of a graphite
electrode doped with platinum: a, b, ¢, d — core blocks; e — morphology of the block; f, g — the boundary

between the shg‘ll and the core;

r fs

[8697_151 N

Fig. 4. Dense deposit bark formed by layered graphite-like structures
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Thus, the Pt-catalyst during synthesis in a
gaseous environment allows to form of almost
centimeter rods from bundle-like CNTs that can
withstand temperatures up to 12 000 K [66].

The possibility of separating the deposit
core, consisting of CNT bundles, from the
deposit rind allows considering the deposit parts
as independent products of plasma-chemical
synthesis. The separation of deposited CNTs
from the graphitic-like rind increases the purity
of the deposited CNTSs, and this reduces their
cost, since previously the deposits were crushed
to separate the CNTs from the graphitic
component. At the same time, a Pt-containing
graphene-like rind (shell) can be used to obtain
platinum-enriched graphene.

The final products of the processing of the
Pt-containing deposit (Pt-CNT and Pt-graphene-
like structures) can become the key to the
creation of cheap fuel cell electrodes on which
hydrogen recovery takes place.

Thus, during the evaporation of a platinum-
doped graphite electrode in an electric arc in a
helium environment, the catalyst takes part in all
plasma-chemical reactions and is redistributed
among various synthesis products. Most of the
platinum with the flow of condensate moves to
the walls of the reactor. According to the data of
the emission spectral analysis, the largest amount
of platinum (~ 1 % by mass) accumulates in the
wall soot. Part of the platinum (less than
< 1 wt. %) in the cationic state together with the
carbon vapor under the influence of a strong
electric field moves to the cathode, forming a
Pt-containing deposit. It was found that platinum
is present in the deposit, despite the high
temperature of the deposit formation zone (up to
11 727 °C) [66], which exceeds the boiling point
of platinum (3800 °C).

As a result of studying the chemical
composition of the constituent parts of the

Pt-containing deposit, it was determined that Pt
atoms are unevenly distributed and concentrated
in the deposit rind. We believe that when an
electric arc occurs, the flow of electrons that
passes through the forming deposit and heats it,
affects not only the processes of formation of the
carbon structure of the deposit, but also the
quantitative content of platinum atoms in various
constituent parts of the deposit. Platinum atoms
settle mainly in the low-temperature part of the
reactor, where there is a deposit rind.

The presence of platinum explains the higher
heat resistance of the rind of the platinum
deposit. Differential thermal (DTA), thermo-
gravimetric (TG) and differential thermo-
gravimetric (DTG) analyzes support these
conclusions. Thus, the temperature of the
beginning of the interaction of the Pt-containing
rind with oxygen (680 °C) (Table 2, item 2)
exceeds the similar parameter of the pure carbon
rind (ignition temperature is 575 °C) (Table 2,
item 1) (Fig.5a, b). The DTA curve (Fig.5b)
indicates a two-phase nature (CNT and
graphene-like structures) of deposit rind, which
is to replace platinum. In addition to the
graphite-like component, this sample contains
MWCNTSs, the increase in the content of which
is initiated by the presence of platinum in the
rind.

In the deposit core, as it is composed of
bundle-like MWCNT, it was revealed low
content of platinum, and it was found that it is
characterized by a higher thermal stability
(640 °C), then deposit core, obtained by catalytic
plasma-chemical synthesis from the helium
environment) (Fig. 6 a, b).

The data of the thermal analysis show that in
the composition of the deposit core synthesized
in the presence of the Pt catalyst, there are two
phases that react with air at 800 °C and 910 °C
(Table 2).

Table 2. Heat resistance of components of Pt-containing deposits after plasma-chemical synthesis in gaseous

environment

Ne ] DTG DTA
- Material Process temperature, °C
n/s Tlmax,oc Tlmax,OC T2max,°C
1 Shell without catalyst 575-980 840 840
2 Shell with catalyst (Pt) 680—>1000 865 825 990
3 Core without catalyst 575-990 870 850 960
4 Core with catalyst (Pt) 640-965 865 800 910
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Fig.6. Investigation of the heat resistance of the core of plasma chemical synthesis deposits in a gaseous environment:

a— Pt-containing deposit core; b — the core of the non-catalytic deposit

Thus, differential thermal analysis in air
using the TG, DTG, DTA methods allows to
detect slight differences in the heat resistance
and oxidation temperatures of various CNS, so
thanks to this, the results can be used for their
identification.

Wall soot. The mixture of condensate that
forms on the walls of the reactor and in the gas

ISSN 2079-1704. X®TT1.2022. T. 13. Ne 3
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phase, forms the wall soot. It contains both
soluble (fullerenes and fullerene-like structures)
and insoluble fractions (hanocomposites, CNTSs,
graphenes) in liquid hydrocarbons.

Studies of the carbon products structures
were carried out using scanning (JSM-T20) and
transmission (JEM 100 CXII) electron
microscopes (SEM and TEM), which show that
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nanostructured components have different
geometric shapes and structure (Figs. 7, 8).

At the micro level, the wall soot layer has
the structure shown in Fig. 7. The layer of wall
soot was previously subjected to ultrasound
treatment in an alcohol environment.

Extraction of wall soot is carried out by
opening the upper and lower reactor covers
(flanges), after which the sediment is squeezed
out with a rubber piston from top to bottom. The
wall soot falls into the storage container, which
is installed after opening the reactor covers.

Fig. 7. Surface morphology of the wall soot after its sonication in ethanol: a, b, ¢, d, e, f — SEM photo of the wall

soot at different magnifications

'.-,!’Ln

Fig. 8. TEM photographs of nanosized particles that make up Pt-containing wall soot

The soluble component of wall soot —
fullerenes and fullerene-like structures — was
obtained by the extraction method.

The results of the analysis of wall soot by the
Raman scattering method (Raman spectroscopy)
are shown in Fig.9, where the two-peak
structure of the G-maximum indicates the
presence of two types of nanotubes in the studied
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samples: the maximum near the frequency of
1570 cm™ is associated with “armchair” type
nanotubes (conductor), and the maximum near
the frequency of 1590 cm™ — with nanotubes
“zigzag” (semiconductor). The dotted line
(Fig. 9) represents the classical reference
spectrum of multi-walled carbon nanotubes
according to the Hirsch reference book.
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Quantitative and qualitative analysis of
fullerene solutions was carried out by the
spectrophotometric  method  of  UV-Vis
spectroscopy (Fig. 10), where fullerenes Ceo and
Cro are recorded in extraction solutions of wall
soot. Peak maxima Amax=335.6 and 407 are
characteristic of Ceo fullerenes, and Amax = 334.6
and 472.8 are characteristic of Cyo fullerenes.

As a result of the study of the chemical
composition of the constituent parts of the
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Pt-containing components of the synthesis, it
was determined that the Pt atoms are unevenly
distributed and concentrated in the wall soot. We
believe that when an electric arc occurs, the
distribution of Pt in the catalyst is not uniform in
the synthesis products. Platinum atoms settle
mainly in the low-temperature part of the reactor,
where there is wall soot.
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Fig. 10.

The formed hollow CNTs in diameter
(5-25nm) and length (1.5-2 um) do not differ
from those obtained without using of platinum,
except for some anomalies. It was also found
that the deposit has a hexagonal graphite
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Optical density spectrum of UV-Vis spectroscopy of solution of fullerene of electric arc synthesis

structure with an admixture of rhombohedral
graphite phase.

Platinum with a face-centered cubic lattice
(FCC) in synthesis products is distributed as
follows: deposit core — less than < 0.001 %,
deposit shell — less than < 1 %, wall soot — more
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than > 1 %. The components of the deposit with
platinum are more heat-resistant, compared to
the deposit components that do not contain Pt.

Platinum-containing wall soot is pre-treated
for a short time, namely grinding in special “ball
mills” or rubbed through a fine sieve with
minimal effort to create a homogenous product.
Previous studies have shown that such platinum-
containing and other carbon nanostructures [67]
can already be used in 3D printing technology
CJP (ceramic printing) [59, 68], or to create new
composites for 3D printing technology FDM,
SLA [69-72].To create electrically conductive
ceramics, platinum-containing wall soot, purified
from fullerenes and fullerene-like
nanostructures, was used as a fuel cell electrode.
For this, the process of extracting fullerenes from
wall soot with hydrocarbon solvents was carried
out, which increased the electrical conductivity
of Pt-containing carbon structures in several
times.

Using of the deposit and the components of
its structure in the creation of a fuel cell did not
yield significant results. We believe that this is
due to the low content of platinum (Pt) catalyst
in the deposit. In addition, the process of
grinding in a special “ball mill” or rubbing
through a fine sieve required considerable effort
and work time to create a homogeneous state of
the product.

Today, the research results of this work
made it possible to create not only ceramic
electrodes, but also fuel cells for a hydrogen
cycle fuel element without applying a layer of
platinum (Pt) catalyst during usage of CJP 3D
printing technology. And this is the first step
towards the creation of cheap fuel elements for
hydrogen energy.

CONCLUSIONS

In the process of scientific research work the
following was done:

1. The distribution of atoms of the catalyst
(platinum) in the products of electrochemical
synthesis in a gas medium using Fine-grained
dense graphite (FGDG-7) was studied.

2. It has been found that Pt atoms in the
structure of the deposit and in the synthesis
products are unevenly distributed. This is
confirmed by the analysis of the chemical
composition of the platinum-containing deposit
and wall soot.
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3. It has been found that the central part of
the deposit (core) contains only trace amounts of
platinum, and the main part of Pt atoms is
concentrated in the shell of the deposit (rind).
This phenomenon is explained by the influence
of the flow of electrons from the electric arc, that
occurs during synthesis and passes through the
deposit, heating it, not only on the process of
forming the carbon part, but also on the content
of platinum in different parts of the deposit.

4. It has been proven that the atoms of the
catalyst, in our case platinum, affect the
synthesis process and contribute to the formation
of a deposit in which the core, containing
platinum-containing CNT bundles, is easily
separated from the shell and can then be used as
a separate rod.

5. It was found that platinum-containing
deposit components (core and rind) can be
considered as independent products of plasma
chemical synthesis.

6. It was found that the differential thermal
analysis of CNM in air by TG, DTG, DTA
methods allows us to detect even slight
differences in the thermal resistance of various
CNMs, due to which these data can be used to

identify the composition and type of
nanomaterials (CNTSs, graphenes).
7. It was found that Pt atoms are

concentrated in wall soot. We believe that when
an electric arc occurs, the distribution of Pt in the
catalyst is uneven in the synthesis products.
Platinum atoms settle mainly in the low-
temperature part of the reactor, where there is
wall soot.

8. It was found that the formed hollow
CNTs do not differ in diameter (5-25nm) and
length (1.5-2 um) from those obtained without
the participation of platinum, with the exception
of some anomalies.

9. It was found that the deposit has a
hexagonal graphite structure with an admixture
of a rhombohedral graphite phase.

10. Platinum with a face-centered cubic
lattice (fcc) in synthesis products is distributed as
follows: deposit core — less than 0.001 %,
deposit shell — less than 1 %, wall soot — more
than 1 %.

11. Components of a deposit with platinum
are more heat resistant compared to deposit
components that do not contain Pt.

To study the suitability of platinum-
containing carbon nanostructures for CJP
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(Ceramic Printing) 3D printing, the following
was done:

1. It has been found that for the use of
platinum-containing wall soot, it is necessary to
carry out preliminary short-term processing,
namely, grinding in special “ball mills” or
rubbing it through a fine sieve with minimal
effort to create product homogeneity. Previous
studies have shown that such platinum-
containing carbon nanostructures can already be
used in CJP 3D printing technology, or to create
new composites for FDM, SLA 3D printing
technology.

cell did not yield significant results, unlike wall
soot. We believe that this is due to the low
content of platinum (Pt) catalyst in the deposit.

3. It was found that the process of grinding
the deposit in a special “ball mill” or rubbing it
through a fine sieve required considerable effort
and work time to create a homogeneous state of
the product.

4. It was found that the investigations of
this research work made it possible to create not
only ceramic electrodes, but also fuel cells for a
hydrogen cycle fuel element without applying a
layer of platinum (Pt) catalyst when using CJP

2. It was found that using of the deposit and
its structural components in the creation of a fuel

3D printing technology.

IlnaTuHOBMIiCHI ByIjlenieBi HAHOCTPYKTYPH /IS CTBOPEHHS €JIEKTPONPOBiTHOI KepaMiku
npu Bukopuctanui 3D apyky Texnoqaorii CIP

0.[. 3os0orapenko, O.I1. Pynakosa, A.Jl. 3omorapenxo, H.E. Axanosa, M.H. Yaixanosa, /I.B. Lllyp,
M.T. I'a6ayaiaun, H.A. I'agpuiniok, T.B. Muponenko, O.J1. 3o10Ttapenxo, M.B. Uumoaii,
L.B. 3aropyJasko, }0.0. Tapacenko, O.0. I'aBpuiiiox

Incmumym ximii nosepxni im. O.0. Yyiika Hayionanohoi akademii nayk Yxpainu
eyn. I'enepana Haymosa, 17, Kuis, 03164, Yxpaina, o.d.zolotarenko@gmail.com
Tucmumym npobaem mamepianosnaecmaa im. I. M. @panyesuua Hayionanvhoi axademii nayx Yrpainu
eyn. Kpotcuscanoecokoeo, 3, Kuis, 03142, Ykpaina
Kaszaxcoro-opumancoxuii mexniunuii ynieepcumem (KbTY)
Toni 6i 59, np. Ane-@apabi, Anmamu, 050040, Kazaxcman
Hayionanvua nanomexnonociuna nabopamopia (NNLOT), Kaszaxcokuil HayionaneHuti yHisepcumem im. Anv-®@apadi
np. Ano-@apabi, 71, Anmamu, 050040, Kazaxcman
Tucmumym memanogizuxu im. I'B. Kyporomosa Hayionanvroi akademii Hayk Yrpainu
oynve. Axademixa Bepuaocekoeo, 36, Kuis, 03142, Vkpaina

Byeneyesi nanocmpyxmypu (BHC) cunme3ysanuce enekmpooy208um NAASMOXIMIUHUM — MemoOoM npu
BUNAPOBYBAHHI 2PAPIMOB020 eneKmpoOd 6UCOKOL AKOCMI MAPKU «OPIOHO3EPHUCMO20 Winbho20 2pagimyy (MIIT-T)
3anoenenozo kamanizamopom (Pt), axuii eunaposysascs é cepedosuuyi eenito. B npoyeci cunme3sy Oyau cuHme306aHi:
b6aecamocminni (BBHT) ma oonocminni eyeneyesi nawompyoxu (OBHT), ¢yinepenu, epagenosi naxemu ma
Hanokomnozumu. Taxooc 6y cuHme306anull 0eno3um y eueisoi Hapocmy Ha KamooOHOMY elekmpodi. Bci npodykmu
cunmesy Oyau nPOAHANI308AHI HA MIKPO- MdA HAHOPIBHAX, WO 040 3MO02Y NPOAHANIZY8AMU 6NIUE NAPIE NAAMUHU HA
dopmyeanns eyeneyesux nHanomamepianie (BHM). [locniodceno HepigHOMIpHULL pO3NOOII amomie Kamanizamopa
(nnamunu) 8 NPOOYKMax eleKmpoXiMiyHO20 CUHME3Y 8 2A3060MY Cepedosuyl Npu GUKOPUCMARHI epaghimy mapKu
MIIT-7.

Ipu ananizi cmanosieHo, wo NAAMUHA 3HAX00UMbCsL 6 cmani epaneyenmpogarnoi kyoiunoi (I'LIK) rpamxu ma
PO3NOOIIAEMbCSL Y NPOOYKMAX CUHMESY HACMYNHUM YuHom. cepyesuna oenosumy — < 0.001 %, obonouxa denozumy
- <1%, npucminna caxca — >1%. Bugueni mopgonocis ma cxiad HnIAMUHOBO20 OENno3Umy, wo Mac
2EKCA2OHANLHY  epahimogy cmpykmypy 3 O0oMiuKolo pomboeopuunoi epagimosoi gazu. B odocnioxcennsx
nposedenuti ougepenyiarvho-mepmivnuti ananiz na nogimpi (TG, DTG, DTA), wo 0ossoauno ioenmughixyeamu
CKAA0 npoOykmig cunmesy. Bcmanogneno, wo yacmunu 0enosumy 3 HiamuHolo Oitbut mepmMoCmiliKi NOPi6HAHO 3
deno3umnumu ckaadogumu, wo He micmams Pt. Byeneyesi nanompyorxu (BHT), wo ymeopiolombcs, no diamempy
(5-25 nm) i dosoicuni (1.5-2 mxm) ne 6i0pizHsAIOMBCS 810 MAKUX, WO OMPUMAHI 63 Yuacmi NIAMuHU, 3a GUHSIMKOM
OEsIKUX AHOMAIITL.
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Ipu suguenni npuoamuocmi niamMuHOBMICHUX 8yareyedux HaHocmpykmyp 01a 3D opyky mexnonoeii CJP (Opyk
KepamiKoio) 6CMAHOBNIEHO, WO Olsl BUKOPUCMAHHA NIAMUHOSMICHOI NPUCMIHHOL cadxci HeobXIOHO nposooumu
nonepeonio Hed062y 00pobKy, a came — NOOPIOHIOBAMU Y CNEYIANLHUX «KYTbOBUX MAUHAXY AOO Npomupamu Kpisb
OpibHe cumo 3 MIHIMANGHUMU 3YCULIAMU OJIi CMEOPEeHHs. O0OHOpiOHocmi npodykmy. I[lonepeoui OocniodceHms:
nOKA3anu, wo maxi WIAMUHOBMICHI Gyelieyesi HAHOCMPYKMYPU 6dce MOdICHA euxopucmogyeamu y 3D Opyyi
mexnonozii CJP abo 0ns cmeoperus Hogux komnosumis 0isi mexnonozit 3D opyky FDM, SLA.

Knrouosi cnosa: eyeneyesi nanocmpykmypu (BHC), naamuna (Pt), ¢pyirepenu, epagenu, denosum, niazma,
enexmpo0y208ull cuHmes, NAA3MoXimiynuil cunmes, 3D opyk, mexuonozis CJP
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