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The process of chemical vapor deposition of Mo and Mo-C
coatings was studied by means of thermal decomposition
of molybdenum hexacarbonyl. The kinetics of the coating
growth in the range of 480 °C—540 °C and the pressure in the
reaction volume from 9 Pa to 16 Pa were explored. The depen-
dences of coating growth rate, the magnitudes of their micro-
hardness on the parameters of their obtaining, as well as the
changes in the morphology of the coating surface, roughness,
and structure, were established. The tribological properties of
the obtained coatings coupled with bronze Br.Su3H3S20F0.2
were explored at the friction machine 2070 SMT-1 according
to the “cube-roller” scheme in a load interval of 0.2—1.4 kN.
The lubrication during determining the friction coefficients
was carried out by immersion of the movable counter body
into a bath with fuel TC-1, GOST 10227-86. It was necessary
to conduct such research because there is insufficient informa-
tion when it comes to the specific equipment and peculiarities
of the object onto which a coating is applied.

When developing the process of coating application on
specific components, techniques, and means to ensure the
uniformity of parts heating and precursor feeding to their
surface were tested. As a result of the conducted studies, we
obtained the regions of parameters of obtaining coatings with
different structure, rate, hardness, as well as the patterns of
changes in these characteristics at the change of the basic pa-
rameters of the process of obtaining such coatings. Depending
on application conditions, coatings may have hardness from
~11,000 MPa to 18,000 MPa at a growth rate from 50 pm/h to
170 pm/h. The mean values of the friction coefficient of coat-
ings with different microstructure and microhardness were
0.101 at the load of 0.2 kN and 0.077 at the load of 1.4 kN.

Based on the conducted research, it was possible to devel-
op the process of applying the metal and metal-carbide mo-

lybdenum-based CVD coatings in regards to the components
of the assembly and engine construction, which can serve as
the basis for the development of industrial technologies.
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The method of x-ray diffractometry was used to study the
effect of the composition of two, three, four and five elemen-
tal niobium-based alloys on their phase-structural state, av-
erage crystallite size, and thermal expansion coefficient in the
temperature range of +20 °C...—170 °C. As elements of fill-
ing, vanadium, tantalum, hafnium, molybdenum, zirconium,
tungsten and titanium were used. These elements either in
equilibrium — at room temperature (Rt=+20 °C), or in high-
temperature states have a bece crystal lattice similar to Nb.

It is found that in alloys based on two, three, four and five
elements, for the compositions used in the work, the forma-
tion of a single-phase state with a bee crystal lattice of a solid
solution occurs. At the structural level, the alloy composition
affects the ratio of the intensity of the diffraction peaks from
different planes. For two diffraction orders from the most
closely packed {110} plane in the bce lattice, a change in the
intensity value for the second diffraction order is revealed.
The greatest decrease in relative intensity occurs in binary
alloys with a large discrepancy in the size of the atomic radii
of the components. In multi-element alloys, a smaller drop in
intensity is observed. This may be associated with a reduc-
tion in the distortion of the crystal lattice due to the ordering
of the elements that make up the alloys.

At the substructural level, the alloy composition affects
the average crystallite size. For binary alloy compositions,
the greatest effect is associated with Zr and Hf filling ele-
ments having a significantly larger atomic radius. This leads
to a decrease in the average crystallite size of the alloy solid
solution to the smallest value of 11 nm (NbZr alloy) and the
release of the second phase (NbHf alloy).

It is found that the coefficient of linear thermal expansion
determined by the X-ray diffraction method at 2 temperatures
(R1=+20 °C and T=-170 °C) in multi-element alloys exceeds
the values for the starting elements. The largest increase in
CTE is observed in alloys containing 17-26 at. % V and W,
which have the smallest atomic radius.

Keywords: multi-element alloy, niobium, high-entropy
alloy, distortion, phase composition, coefficient of thermal
expansion.
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Battery waste is one of waste that can damage the en-
vironment and there has not been much good processing
in Indonesia. Even though, battery waste contains carbon
which can be used as a target material for deposition of
carbon films using plasma sputtering. The focus of this re-
search is to determine the effect and optimum power value
of plasma argon generation, so that the power generation
value can produce the highest hardness value of SKD11
steel can be obtained. The method used as plasma is argon
gas. Argon plasma is generated by using a 40 kHz LGFE.
Thin film of carbon synthesize on SKD11 steel was tested
to determine the value of hardness using micro hardness
Vickers. Based on the experimental result, the optimum
power treatment obtained at 340 Watt with the highest
average hardness value is 316.7 HV. Based on SEM-EDX
observation, it can be described that comparison of atomic
carbon from carbon rods without treatment (1.5 %) and
carbon thin films on SKD11 with optimum power treat-
ment (13.36 %) show different value. Number of atomic
carbon of thin films on SKD11 with power treatment
more higher than atomic carbon of carbon rods without
treatment, it causes higher hardness value of thin films on
SKD11 steel after plasma sputtering treatment on opti-
mum power parameters than SKD11 steel without treat-
ment. SKD11 steel that has a high hardness value used
as dies, forming, and cutting that requires high hardness
performance.

Keywords: SKD11 Steel, plasma sputtering, battery
rods, power, LGF, hardness, argon, deposition, thin films,
carbon.
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In the modern world, one promising direction is the
production and use of multifunction compounds. Ni-Al
layered double hydroxide is widely used as the active mate-
rial in supercapacitors. Nickel compounds are also colored
and can be used as pigments. The characteristics of bi-
functional indigo carmine intercalated Ni-Al (Ni:Al=4:1)
hydroxides, synthesized at an equilibrium pH and pH=14
have been studied. The crystal structure of the prepared
samples was studied by means of X-ray diffraction analy-
sis and thermogravimetry, pigment characteristics — by
measuring and calculating color characteristics in CIELab
and XYZ systems, electrochemical characteristics — cyclic
voltammetry and galvanostatic charge-discharge cycling.
Comparative analysis of the electrochemical characteristics
of Ni-Al-indigo carmine and Ni-Al-carbonate hydroxides
has been conducted. Using XRD and thermogravimetry
analysis methods, it was found that Ni-Al-indigo carmine
hydroxide is a layered double hydroxide with the structure
of a-Ni(OH), with average (synthesis at pH=14 and low
(synthesis at equilibrium pH) crystallinity. It was found
that synthesized Ni-Al-indigo carmine LDH had color
bordering between light and blue (color tone 483—485 nm)
with the lightness of 40-50 % and average color purity. It
was found that the specific capacity of indigo carmine in-
tercalated Ni-Al LDH (synthesis at pH=14 exceeded that
of carbonate intercalated: the maximum specific capacity at
full discharge was 1,007 F /g hydroxide and 2,996 F/h Ni, at
discharge to 0 B —946 F/g. First, for Ni-Al-indigo carmine
LDH, two discharge plateaus were observed, which corre-
spond to the discharge of Ni** and indigo carmine.

Keywords: Ni-Al layered double hydroxide, pigment,
specific capacity, supercapacitor, discharge plateau.
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Composites were shown to be the most promising materi-
als for protection against electromagnetic fields. A technol-
ogy of magnetic treatment of textile material with magnetic
fluid and technology of ultrasonic treatment of a mixture

of latex and iron ore concentrate has been developed. This
has increased saturation of fibers of the textile material with
magnetic fluid nanoparticles, dispersity of the iron ore con-
centrate, and isotropy of the liquid metal-polymer material.
As a result of the use of this technology, the consumption of
magnetic fluid for the treatment of the textile material de-
creased from 45-50 g/m? to 35 g/m? with an improvement of
shielding properties. It has been experimentally established
that one layer of metal-textile material reduces the magnetic
field of industrial frequency by 6 times and the electric field
of industrial frequency by 1.5 times. Corresponding figures
for the metal-polymer material were 3 and 2. It was found
that an electromagnetic field with a frequency of 2.45 GHz is
reduced 3.6 times by the single-layer metal-textile material
and 5.7 times by the metal-polymer material. It was shown
that the metal-textile material with such properties is suit-
able for the manufacture of personal protective means for
personnel operating electrical and radio transmission equip-
ment. Metal-polymeric material is suitable for the manufac-
ture of collective protective means. A calculated evaluation
of the effectiveness of protective materials was proposed. It
is based on determining the shielding factors of structures of
standard shapes. This enables the determination of electro-
physical and magnetic properties of the material and their
use in the development of protective materials with required
shielding factors. The necessity of optimization of shielding
factors under conditions of simultaneous influence of electro-
magnetic fields of heterogeneous sources was substantiated.

Keywords: composite materials, electromagnetic field,
electromagnetic shield, magnetic fluid, ultrasonic treatment,
shielding factor.
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The possibility to obtain composites containing the mi-
cronano basalt fiber (MNBF) in the amount of 15-80 % by
weight has been experimentally demonstrated; it is distin-
guished by a series of improved properties such as strength,
chemical and fire resistance. It has been shown that at aver-
age concentrations (up to 15 %) the properties of the com-
posite differ slightly from the unfilled polymer (N-polymer).
However, at 50 % by weight, and especially 80 % by weight,
there are serious changes in the properties manifested by
a profound change in the morphology, as confirmed by
SEM-microscopy.



It has been established that the introduction of micro-
basalt could increase strength at compression to 10 % (with a
measurement error less than 5 %), and only at a very high fill-
ing in the amount of 80 % by weight. Strengthening the effect
of microbasalt is expressed in an increase in the compression
load of a composite aged in water and its elastic modulus up
to 6-12 %. It has been determined that the drop in bending
strength (by about 2 times) after filling is a tendency that is
characteristic of almost all epoxy fillers. Basalt fiber was no
exception. The natural exception is only those samples with
basalt roving, which increase their strength at bending. At the
same time, the high content (but not at 15 % by weight) has
revealed an almost two-fold growth in the module at bending:
higher for the composite with roving, which is very important
from a practical point of view. Microbasalt filling reduces the
rate and degree of swelling in 35 % Hy0, — the more active the
higher the percentage of filling. Visually, they demonstrate the
signs of oxidation with peroxide (white); however, no signifi-
cant destruction (as in acetone) has been detected. We have
built the curves to estimate the degree of the polymer swelling.
In addition, the swelling character of the composites with a
high degree of filling, in the amount of 50 and 80 % by weight,
has been investigated. The study results led to the conclusion
of the degree of compaction of the structure of the composite
and the increase in its resistance to aggressive environments
through an increase in the share of the inorganic phase.

Keywords: epoxy polymer, micronanobasalt fiber,
strength, adhesion, resistance to abrasion, acetone-ethyl
acetate.
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