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INVESTIGATION OF THE EFFECT OF LASER RADIATION PARAMETERS ON THE
STRUCTURE AND MECHAN ICAL PROPERTIES OF PARTS OBTAINED BY THE SLM
TECHNOLOGY FROM A TI TANIUM ALLOY

Agapovichev A.V2 Sotov A.\}, Kokareva V.V, Kyarimov R.R, SmelovV.G.

'Samara University, Samara, Russia
%agapovichevs@mail.ru

Today 3D-printing is a fastdewloping technology that produces thhdimension& objects
directly from digital models through additive process, typically by precipitation and "cured in
place" successive layers of polymers, ceramics or metals. Unlike traditional production processes
associated with subtraction, for example, a cuftiragess or shaping techniques, suchtasping,
bending and molding, AT connects the material layers to create a final product. Originally, this
technology was conceived as a method for producing prototypes, but currently additive
manufacturing has imprad to the extent that they are increasingly used to obtain the finished
product. Therefore there are high demands on the quality of the synthesized material to details
grown[1].

Selective laser melting technology (SLM) is a fast growing technology tloatsalo produce
metal parts in a short time. Interest in the technology is growing from year to year. At the moment,
there are several well known works devoted to the study of physical and mechanical properties and
strudure of the samples obtained by ®EM. For example, in workE2-3] studies on the impact of
the mode selective laser melting refractory metal powder on the structure of the Inzateria
presented.

Despite the fact that the SLM technology has advanced considerably in recent yearssits use i
still limited due to the appearance of defects in synthesized parts, for exampl@s hollows and
cracks[4]. Also there are questions to the mechanical characteristics of the parts made by the SLM
technology[5]. As is well known, the mechanical chateristics of the material obtained by the
technologies of selective lasendting differ from the mechanical characteristics of the same
material obtained by the traditiortalchnologies.

The quality of the material obtained by the SLM technology isi@niced by a large number
of parameters, suclsthe laser emission power, scanning speed, diameter of the laser spot, the
thickness of a sintered layer, structure, the properties of the material usethmyathers[2]. The
study of the influence of th&LM technolgy on the mechanism of structure formation and
mechanical characteristics of the synthesized material is, therefamsiflerable interest.

Titanium alloys are widely used for manufacture of parts in aerospace, medical, automobile,
chemicaland other fields of industry6[ 7. The main advantages of titanium alloys in comparison
with structural steels are high unit strength in relation to material density, good rust resistance and
high mechanical characteristics at influence of high tempest

VT-6 alloy (analogue ASTM Grade 5 titanium,-GAI-4V) relates to titanium deformable

U+b to alloys. Hi gh durability such alloys i
strength of materi al about 885 MWithsan iactease at h e
ultimate strength of material up to 1100 MPas leads to receiving enough low values of plasticity, an
order uU=4 ¢€é 6%. It is the main reason for th
strengthened state.

VT6 alloy besides thé-stabilizer contains aluminuneh i ch 1 s mai nlphasedi s s

and strengthens it.
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NUCLEATION MODELLING FOR SYNTHESIS OF THE NEW ADVANCED MATERIA LS
Anisimov MP 1?

!Aerosol Technology Research Laboratory, Novosibirsk Statariieal University,
630073, 20, K. Marks Street, Novosibirsk, Russia
“Nanoaerosol Research Laboratdf$BS| Technological Design Institute of Scientific Instrument
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The new material design assumes to make the mixture of some components, which should be
transferred into the metastable state and activated to start the chemical reactions or/and multiple phase
transformations within the sophisticated technological procedBrastically all chemical and physical
treatments are presenting the energetic barriers overcoming, where new phase embryos are generating
within the complicate sequence of the single steps of the new material design. Theory of nucleation is
used generallyo get a theoretical description and optimizing of these steps.

The first nucleation experiment is associated with measurements of liquid and crystals super
cooling done by Fahrenheit (Ostwald, 1896). The nucleation of bubbles in gas saturated soagions w
observed and the concept of critical embryos of a new phase was introduced in nucleation science
during the second half of 19th century (Volmer, 1939). The quality of vapor/liquid nucleation rate
results has improved substantially beginning in 197@suiee of the development of new measurement
systems. For example, the first prototype of the Flow Diffusion Chamber for vapor nucleation rate
measurements was developed by Anisimov et al. (1978, 1982). Currently, the most significant problem
in nucleatia is the correspondence between experimental data and theoretical predictions of nucleation
rate values. As a rule, theoretical and experimental data on nucleation rate are not in good agreement
over a range of temperatures and/or pressures. It appedrthére may be problems in both the
experiments & theory and deficiencies can be identified in all versions of nucleation theories and
practically all of the reported experimental results.

Current theories correspond to various modifications of Clalsdiacleation Theory that was
completed in the 1940s (Frenkel, 1975). The theoretical results look quite reasonable for sufficiently
low vapor nucleation rates where the droplet approximation is applicable (Anisimov, 2003). However,
these approaches hagmblems at the nanometer scale when the critical embryos contain of the order of
200 or less molecules (atoms). It appears that this quantity of molecules is near the threshold for the
droplet critical embryo approximation, at least for organic vap8@me researchers (Baydakov, 1995;
Protsenko et al., 2006) have expressed optimism that nucleation theory and experiment are in agreement
for the case of bubble generation from the superheated liquids.

At the present time, vap@as nucleation theory caproduce values that deviate from the
experimental results by up to several orders of magnitude (Fladerer and Strey, 2006; Brus et al., 2005).
However, nucleation experiments using different devises also show significant inconsistencies in the
measuredates (for example, see Brus et al., 2005). Both problems produce difficulties in establishing
one or more standard vapor/liquid nucleation systems that could be used to teggjagapacleation
rate measurement systems. The problem of the nucleatesteatdard is more complex than simply
using the mpentanolhelium system as was suggested by the International Workshop on Nucleation in
the Czech Republic, Prague in 1995 as a candidate for a nucleation standardpehtenalhelium
system has unfortiately not produced sufficiently consistent data to date. The advantages and current
problems of the vapegas nucleation experiments are discussed below and a view of the future studies
is presented based on the assessment of y@sdiiquid nucleatioexperimental resutls.

In this review, results and problems related to aerosol generation experiments and nucleation
theory development are discussed. Adiabatic expansion aneétgashniques, diffusion chambers,
turbulent mixing apparatus were consel It can be concluded that the development of accurate
experimental techniques for vapgas nucleation research are still in progress. Measurable nucleation
rates for the available experimental techniques span up to 19 orders of magnitude ramging fro
102 cm®s® up to 167 cm®s! and nucleation temperatures from cryogenic around 30 K to near 1300 K.
Pressures in vapajas systems have been achieved within the interval from 30 kPa to 10 MPa. The
detection of the critical vapor supersaturation #omgiven nucleation rate tends to be replaced by
nucleation rate determinations that can vary by several orders of magnitude.

Important semiempirical information is obtained when the critical embryo parameters are derived
from experimental nucleation ratg¢ at a . These relationships wer e
Kashchiev (2006) recently provided a theoretical review devoted to nucleation theorems. More easily
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used equations to interpret experimental results have been given in several articleso{Aaisin
Cherevko, 1985; Anisimov et al., 1987; Anisimov and Taylakov, 1989). Because of the inconsistencies
in the experimental data, these relationship and the results derived from them should be considered as
preliminary. It can be concluded now that tifferences between theory and experimental data are too
large to permit reconciliation of the theoretical predictions and experimental nucleation rates.
Nevertheless some of the results and ideas reviewed above provide a reasonable basis for further
dewelopment of the experimental vapgais nucleation research techniques.

It can be hoped that the uncontrolled parameter(s) will be identified in the near future and permit
consistent nucleation rate data to be derived from different research methodsitrddhection of one
or several nucleation standard(s) is a major current problem. Success in the nucleation standard
development and its introduction in nucleation research practice is a key issue for current nucleation
experiments. The deeper understagdif the carriegas effects may clarify the nature of the different
experimental set data inconsistencies. High pressure measurement systems need to be designed tc
permit the study of mukchannel nucleation at near critical and spinodal conditionsrevitiee
nucleation rate surface topology needs to be clarified. While developing new experimental systems, the
existing techniques can be used to study nucleation to explore the effects of the carrier gas and
multiphase phenomena that need to be furth@toead. It is reasonable to attract the attention of
researchers and practitioners to the new idea of semiempirical design of the nucleation rate surfaces
(Anisimov, 2017). That idea can (and will) be used for data base on the nucleation rate surfgoes desi
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Recently, the scientifiinterest in Titaniurbased composites has increased. Today titanium
and its alloys are used in the aerospace industry, architecture, chemical processing, medicine, power
generation, marine and offshore, sports and leisure, and transportation. Thispplidatian is
explained by its unique properties such as high strength, low density, good high temperature
properties, biocompatibility and favorable corrosion resistance [1]. At the same time, the main
disadvantages of this material, that has presentugms at some stages in its fabrication and in
certain technological uses are lack of wear resistance and a susceptibility to galling [2]. For purpose
of enhancing the surface properties of titanium alloys, different methods was employed to fabricate
ceranics or intermetallics reinforced metal matrix composite coatings on the substrate. For
example, TiC composite coatings offer significantly increased wear resistance and chemical
stability [3]. TiB and TiC reinforcements can increase the oxidation resistahtitaniummatrix
composites 4]. Dispersion hardening by particles of various compounds, for examphd, and
Ti5Si3 compounds, slightly improves the heasistant properties of titanium alloys. There are
many studies on the mechanical propertiethese compositel]. However, these modifications
can also affect the thermal properties of the resulting composite, which are also important for
operation in extreme conditions.

To calculate overall thermal properties of the composites we will moel@l #s a metal matrix
containing spherical particles. The typical microstructure of metal matrix composite reinforced by
particles can be represented as isotropic Braperties required for aallations are presented in
the Tablel [1,5].

Table 1.Propertes

Properties Ti TiC TisSi3 TiB>

CTE, K' 8910, 4 17, 4°T10 |7, 3°T10 [647T10
Bulk moduli, GPa 103,7 272 110 226
Young's modulusGPa | 112 460 156 529

Poi ssonds 0,32 0,19 - 0,11

TC, W/ ( mLK])15520 34-39 45,9 60-120

In this work we evaluated the effective propertiesarfiposites based on titanium, reinforced
by TiC, TisSiz and TiBb i ncl usi ons. The effective propert
homogenization scheme in terms of contribution tensor of the inhomog¢égitwe analyzed
change of effective thermal camctivity and effective coefficient of thermal expansion of
composites with an increase of volume fraction of inclusions for two methods of calculation: the
Maxwell method and mixture method. The results are compared with the experimental data.
Thisworklas been performed under suppo-1901425f Rus
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THE VIBRATIONAL SPEC TROSCOPY OF BIOCOMPATIBLE POLYMERS
BogatovaE.G1? RodrigueR.D?, Bolbaso\E.N2, Tverdokhlebo®.I}, SheremeE.S?

Tomsk Polytechnic University, Russia, Tomsk
%ogatova2304@mail.ru

Biodegradable polymersare currently used in drug delivery and tissue engineering,
polycaprolactone (PCL) being one of the most widely used materials. PCL acts as a bioresorbable
scaffold having the ability to stimulate tissue growth. Its surface and bulk structure affectdl the
adhesion and the scaffolddbés |ifeti me. The sur
cell adhesion to the samples, and in the futurémplants. The deposition of thin titanium nitride
coatings on the fi br ouoell adsesianfl].Al thedsarde time) thef paocess e n
of coating the polymer scaffolds may modify its crystalline structure. Here, we aim at investigating
the structural modifications in polycaprolactone coated with titanium nitride using Raman
spectroscopy.

Figure 1. The fiber structure of the sample with green laser

The work was completed according to specifications: on one side of samples produced by the
method of electrospinning from polycaprolactone (PCL) with a molecular weight of 80 000 had
been deposed thin coating of TiN (titanium nitride) by magnetron sputtering [2]. One of the first
goals is to evaluate whether it is possible to see differences that occur by changing the degree of
PCL crystallinity depending on coating time from 0 to 240 secdndesasing the deposition time
increases the amount of titanium nitride on the surface.

The method of Raman spectroscopy was selected for several reasons: the need for samples of
small size, simplicity of sample preparation, access to a large amountrofdtion, nondestructive
and noncontact analysis. Raman spectroscopy is an optical spectroscopy based on the ability of the
studied systems (molecules) to inelastically scatter monochromatic light. The sample is irradiated
with a laser of 532 nm wavelengthnd the Raman spectra is acquired using a Centaur U HR
spectrometer; other lasers with wavelengths 405 nm (violet) and 785 nmn(naged) were used
in a Renishaw Raman spectrometer. For each sample, at least two points were measured. Previous
work stowed the dependence of the width of the Raman peaks on the crystallinity of PCL.[2] We
analyzed the Raman peaks at 2905, 2852, 1720, 1280, 111®enonly 2 peaks have information
about crystallinity: 1110 cthand 1280 cil. The spectra were filtered remove cosmic rays, the
background was subtracted, then all the spectra were normalized and compared. The dependence of
the full width at haHmaximum from the samples with different coating times of titanium nitride
was investigated. The results shownFigure 2demonstrate us that samples with longer coating
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time up to 120 s measured with 532 nm laser source have a smaller full width-raakaifum
(FWHM), as seen in figure 2, consequently crystallinity of this samples is greater. At the coating
time of 240 s the FWHM increases again.
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Figure2. Left: Averaged Raman spectra in the region of the Raman peak ~1110 cm
Right: The dependence of the FWHM of the peak at 1100 cm
on the coating time using green laser with wavelength 532 nm

Previousstudies showed that longer coating times result in improved crystallinity of the
scaffolds due to the preferential destruction of the amorphous regions of the polymer in the process
of titanium deposition. Also, the heating of the polymer material duhagreatment promotes the
crystallization process. The increase of crystallinity of PCL fibers is known to lead to the increase
in their Youngo6és modulus and mechanical stren

A more thorough evaluation and the comparison of the results with thallimty obtained
by other characterization methods (such as differential scanning calorimetry (DS@y, X
diffraction (XRD) and direct measurements of mechanical properties by uniaxial stretching) could
establish Raman spectroscopy as a good alternaigthod for nordestructive testing of
crystallinity and mechanical properties of PCL electrospun scaffolds. That is why further work will
aim at correlating crystallinity and mechanical properties of PCL electrospun scaffolds obtained by
different methods

Acknowledgements The authors thank I.N. Lapin from Tomsk State University, Russia, for
performing Raman measurements with 785 and 405 nm excitation.
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The intermetallic compound pA | -phase, ordered solgblution) is the main strengthening
phase of modern nickel superalloys, the behavior of which under load largely determines the service
life of alloys as a whole. The efficiency effect increase of the use of the intermetallic compound
NizAl as the main coponent of higikemperature alloys is limited by its high tendency to brittle
failure. Polycrystalline NjAlI breaks along the grain boundaries, at both low and high temperatures.
Therefore, one of the topical research areas in the field of developing demproving existing
intermetallic hightemperature alloys is to investigate the possibilities of increasing the strength and
ductility of the NgAl compound. Increasing the strength and, accordingly, the plasticity of the
intermetallic compound is possiébby improving existing or applying new technological processes
for its production. The higkemperature synthesis method of intermetallide in a powder mixture of
initial elements of a given composition in the regime of a powder billet thermal explosiendae
of the latter. The thermophysical conditions of the synthesis bulk reaction of an intermetallic
compound in a powder mixture of pure elements provide the synchronism of the phase
transformations course in the entire volume of the powder perforumicpue feature of the thermal
explosion process is the ability to consolidate individual structural fragments of the synthesis
reaction products when the homogeneous strueplrase state reaches the thermoreacting system
by applying an external pressuaad forming a homogeneous structural phase state in the final
product.

To initiate a bulk exothermic reaction (thermal explosion) in a powder blank, various methods
of heating the preform are used. The general principle of heating the preform befayaithomois
to minimize the temperature gradients in the volume of the preform under controlled heating
conditions. To the fullest extent, the latter is achieved by heating the compact from the original
powder mixture in a steel molkeéactor with highfrequency currents. The heating of the mold
reactor walls under controlled conditions to heat the powder compact befeigngeih, followed
by a power seal of the higekmperature synthesis product.

The mathematical model of higbmperature synthesis of temmetallic in the thermal
explosion regime of a powder compact is proposed. The model takes into account all stages of
heating the mixture in a steel cylindrical mold.

The model consists of two parts. |l tds el ect

From the solution othe electromagnetic problem, the dependence of the heater temperature
on the strength of the magnetic field was obtained. With a body with this temperature, the heat
transfer of the reagent is carried out by thermal radiation, for which the followingipéne
problem is needed. Using this dependence, we solve the thermal problem of initiating the reaction
in a powder mixture in a cylindrical mold. The problem includes the equation of thermal
conductivity for a mixture of powders and a steel cylindrioald, takes into account the heating
due to thermal radiation from the inductor and the chemical reaction of formation of the final
product of N3Al.

The problem was solved numerically. The model makes it possible to study not only
temperature changes ipace and time, but also to investigate in dynamics the influence of the
heating conditions and the properties of the powder mixture on the thermal explosion modes in this
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technological process. The model allows for taking into account the dependenaenoiptingsical
properties on temperature and compaosition.
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Personalized approach to medical camene of the strategies of scientific and technological
development of the Russian Federation objectives. Such approach becomes particularly important in
the provision of constructive medical care for patients with bone defects as a result of cancer,
genetic disorders or complex injuries. In these cases, eehair exclusively individual approach,
not only to the osteoprothesis tactic, but also to the design of osteoimplants.

Reconstruction of bone tissue emerging defects is a complex clinical task. Patients who have
received medical assistance, have to oveecawcial and psychological barriers associated with
disease. Mostly this applies to patients who underwent prosthetics. Great importance in this case
have the aesthetic side of prosthesis, especially in the face area.

The solution to the Existing problerolstion can be find in the osteocimplant highecision
formation according to the 3D model of the planned for resection bone site. Class of oxide ceramics
[1, 2] is the most preferable as a material of an implant, in case of the lack of polymers and metals
risks of causing an acute inflammatory reaction due to their low biocompatibility and integrating
capacity with bone tissue. The identity of chemical bonding type and the mechanical parameters of
ceramics to natural bone tissue prevents the potentiaibpibgsof disrupting bone physiological
functionality and structural and phase changes in the bone tissue [3].

This work is the result of the consolidated scientific work of materials scientists, biologists,
physicians and engineers and consists in dewgjoa technological approach to the bone defects
reconstruction in the skull visceral region by personalized implants based on porous ceramic
osteosubstitution material. The technology consists in individuam®Beling of endoprosthesis
based on a patiecomputer tomogram, with subsequent constructed model reproduction in ceramic
material by methods of additive production.

At present time, the first microsurgical reconstruction of the face left middle zone with the
ceramic implant has been carried oigufe 1. Using of this technology is not limited by the skull
visceral region and can be extrapolated to other skeleton areas [4].

b

Figure 1.a) Computer tomogram with a marked area of prosthetic§€dramic osteoimplant an
stereolithographic nuel of the skull made of plastic, obtained by the additive prototy
techniques; Postoperative computer tomography with a markd implanted ceramic endopros
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The refractory compounds are the basic components of materials used-terhpgrature
engineering, such as thermal protection of space vehicles, electronics, etc. Among materials with
high melting temperaturea special attention is paid to ZrBased composites but due to a very
high melting point the manufacturing of products based on these materials are difficult because a
treatment of materials are almost impossible due to a high hardness. The new ¢echherl
additive manufacturing may be used for making samples with finely shapes and sizes after sintering
process however it is needs to prepare such powders before forming and sintering.

It is known, that addition of SiC to ZpBncreases the densityf sintered materials due to
smaller melting temperature of SiC. The A#BC composites are usually obtained under pressing
at temperatures higher than 20% [2], and to decrease the sintering temperature, the powders
undergo mechanical treatment in highergy balmilling. In this case, subsequent sintering will be
activated due to increased number of defects, acceleration of diffusion processes etc., so sintering
can be carried out during SP®ocess. Unfortunately, data on the influence of mechameatiment
on the properties of powders and the process of subsequent hot pressing are poorly investigated. So,
the aim of this paper is to study the influence of mechanical treatment gEREBowders on their
properties and properties of ceramic comggsssintered by hot pressing.

The research was carried out using powder mixtures of @H = 2.5em) and SiC (d50 =
4.2 em) with SiC content of 10, 15 and 20 vol.%. The powders were mechanically treated in a
planetary mill with acceleration of approxately 30g with time up to 20 minutes. Hot pressing of
ceramic composites was <carried out at the te
isothermal sintering for 30 minutes-rdy with CukU radiation was used to study structure, phase
content anccoherently diffracting domains (CDD). Scanning electron microscope Tescan VEGA
3SBH was used to determine the structure and average grain size.

It have been shown that increasing of treatment time are accompanied by increase of relative
density, in additin, the morphology of particles has appreciably changed, from separate particles in
the beginning state up to the formation of agglomerates in the end of treatmentrayhehase
analysis of mixtures has shown that during the treatment there were meghaddition of SiC to
the mixture leads to the occurrence of its peaks. With increased treatment time, we have found a
broadening of peaks due to increasing number of lattice defects and decrease of CDD or grain size
from 46 down to 37 nm.

After sintering phase content did not change and the increase of treatment time in the
planetary mill before sintering have no effect on CDD of sintered materials. This means that all
defects are annealed during sintering process.

Addition of SiC leads to essentiallycreased sample density: its value goes up to 99% of a
theoretical one for a powder with 20% of SiC, as compared tpghidg not higher than 76%.

It have been shown that relative density change of sintered materials are well described by a
simple functim like Y = A*x", where parameter n characterizes the speed of density change and
according results addition of SiC to the mixture leads to up teftddrdecrease afi-value. This is
due to that all defects accumulated during mechanical treatment aadeahdering sintering and
there are no changes of CDD values in sintered ceramics.
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One of the methods of composite manufactubaged on titanium with inclusiowd carbides
borides and silicides selfpropagating highemperature synthesis (SHS) or combustion synthesis
However,this pro@ss is nonequilibrium process ahé not possible to predict the composition of
the synthesis producbecause of thepresence of a wide range of
homogeneity on the phase diagrams of some sysiEmsefore, theim of
this work is to develop a model atitkoretical study of the synthesis of the
Ti-TiC composite in the combustion regime

It is known that an igniter is usually usedfor difficult flammable
non-gas systems to initiate the reaction, which is brought into contact with
the ignition system. Igtion of the reaction mixture in this case is carried
out by a combustion wave going along the igniter to the place of contact of
the materials.

A mathematical model of the process of initiation of the reaction in a
powder mixture of a metall{) and graphe (C) is consideredThe sample
is a cylinder of radius consisting of two layers of powder fillingéigure
1). We assume that layér(igniter) is a stoichiometric mixture of Ti and Si Figurel. Scheme of
powdersand he thickness of thiayeris |. The second layer ohicknessL process
(reactionmixture) is a mixture offi and carborC (carbon black) powders.
We assume that titanium in the second mixture is presented in excess, so that it is not completely
consumed in the reactiomhe fraction of titaniunTi thatisnotconsme d i n t he.Weeact i
considerthe chemical transformations in the system are described by the total reactions “'reagent
reaction product" for the first layer

5Ti+3Si- TiSi,
and second layer
Ti+C- Ti+TiC_

As aresult we mustobtain a compositeof the form titaniumtitanium carbide

In the energy equatiprwe take into account the heat losses to the environment due to
convection (if the synthesis is carried out in an inert gas atmosphere) and due to thermal radiation.
Excess titanion consumes heaind it role arinert componentThisis formally taken into account
through the heat capacitWe consider the kinetic equation for conversation level corresponding to
the reaction with strong retardation of layer reaction proditoe. meling of the component with
the lowest melting point (Ti) was taken into account by changing the effective heat capacity and
density in the vicinity of theneltingtemperature.

Since the structure of the powder system is changing and is unknown at anydinsethe
rule of the mixture to calculatthe effectivecompositeproperties. The effective coefficient of
thermal conductivity of the mixture was calculated similarly.

As calculations showeda n i ncrease I ne leads ¢oeas decretse tinatimei u m
temperature in the second reaction layer and a slowing of the propagation velocity of the reaction
front, which qualitatively corresponds to the experimehtstationary combustion wave in the
igniter is not formed. The formation of a wave occurs almost instantaneously in the reaction
mixture. The termination of the reaction after initiation is realized \hiinhibition parameteof
m = 25=88%d (
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Metap owder snowadays are in usage in additive
in 3Dprinting.

Main ways of metal powders obtaining are: plasma dispersion, gas atomization, centrifugal
dispersion, etc., each method has itis own advantages and disagsan

Electrical explosion of wires (EEW) allows to obtain sphere shaped particles which find their
application in 3D printing.

The main advantage of this method is simplicity and universality of the equipment, low
energy consumption and possibilityotre i vabl e productds structure

In currentvork it is shown that it is possible to change the particle sizes of aluminum wires
obtained by the electric explosion method by adjusting the energy level introduced into the
conductor during amxplosion, and also changing of structure of the gas environment in which
EEW is carried out.

It is established that the powders received in the EEW modes with the low level of the energy
injected into the wiré 0.4js (js T specific energy of sublimatioof aluminum 32.9 J/mf) in the
environment of argon consist at least of three fractions.

The average size of the first fractiolarge fraction is 30 microngigure 1, 3, her entrance is
about 55%,the second fraction consists of particles from 2 te®mnsilhe average size of the third
one is nanometed) nm.

Figure 1. Photos of Al of the powders received at various levels of energy.
a) Ar- 0,4js, b) Ar-1,9jsc) Het 1,9js.

Increasing of energy up to JQat EEW in argon leads to "disappearance” of micron fraction
of particles and reduction of the average size of particles of nanometer fraction up t8080
nanometers with a maximum at 1d@nometersfigure 1, b.

EEW in the environment of helium at energy of jl.8llows to receive powders with the
largest specific surfacearéapto 20 ni/g, with the narrow histogram of particles size distribution
and with the average size about 80 nartensefigure 1, 9.

With reduction of the size of particles also the content of metal aluminum in them decreases.lt
is caused by increase in their reactionary activity.Particles with an average size of 30 microns at
99% consist also metal. Particles withaerage size of 400 nanometers coriteé®3% of Al, and
in powders with a size of particles about 100 nanometers the content of metal is about 87%.

This study was supported by the Russian Foundation for Basic Research (grantm@F8R
16-38-00051)
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Fast development of additive manufacturing is a global challenge in modern technology
development, which determines provisions foeveloping and using new advanced, high
production and competing processes. This work has been focused on developing an electron
multibeam additive directed energy wire deposition process and commerciaprbdjiction
robotic equipment for manufacturingdge metallic components.

This process involves a layby-layer deposition of metal by electron beam melting of wire
and obtaining then an neaetshape component. The advantage of this process is its high
deposition rate up to 12 kg/h which is unachideahith other additive processes. Also it allows
making large up to 5000 mm size fully dense and structurally homogeneous components from both
refractory and heatesistant alloys. Extra feature of this process is a feasibility of simultaneous
deposition 6 dissimilar metals and thus forming a composite structure inside a vacuum chamber.
Therefore, it excludes any oxidizing of the componefg][1

Samples will be manufactured from fsitength alloy ZhS6U, stainless steel 12Kh18N10T
and titanium alloy V¥6. The process should meet the requirements as shown in Table.

Table 1. Equipment characteristics

Building rate 5-12kg/h
Wire feed automatic
Number of wire feed devices 1to3
Number of electron guns 1to3
Residue pressure in a chamber O1 s mn @ercury column
Positioning accuracy Q0,1 mm
Max current 100 mA
Max voltage 30 kV
Focal distance 200 mm

The project implementation allows filling a commercial niche both in home and abroad
markets of equipment and materials needed for-prglduction aditive manufacturing of large
complex shape components. Achieving such a goal will provide our technological leadership in
high-production electron beam additive manufacturing.

The work was financially supported by the Russian Federation via the Minidigugation
and Science of the Russian Federation (Agreement No. 14.610.21.0013, project identifier
RFMEFI61017X0013).
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The work is dedicated to the creation of new cerarnimposite materials based on boron
carbide, nickel and using a laser treatment in order to obtain three dimensional objects henceforth.
The perspective way of obtaining which has been suggested by the authors combined two methods:
cold spray technology and subsequent lasertpeatment [12]. At this stage, the authors focused
on the interaction of the laser with the substance, regardless of the multilayer object development.
The investigated material of this work was the nielamic mixture based on boron carbide,
which has high physiteand mechanical characteristics, such as hardness, elastic modulus, and
chemical resistance. The titanium alloy 20 was used as substrate. The nickel powder as a binder
and different types of boron carbide were used. The ceramic content varied fré®0% twy mass
in initial mi xtur e. The cold spray <coating t
coatings could characterized as heterogeneous cermet coatings (Fig. 1a) with low porosity and
ceramic content at range 0 to 27% by mass . After lasdting (Fig 1b) is shown compaction of
deformed nickel particles, reduction of pores in the volume, smoothing of the coating surface,
disappearance of the boundarkeetween the coating particles

T : By % 3 \.HJ

Figure 1. SEM-image cold spay coating pure nicked) beforeandb) after laser treatment

Thin ceramic layers were obtained by the combined method andsacssnamicrostructure
of different seams were studied. It was shown that at low ceramic concentrations melted coating
contains bubbles with ceramicanpicles. At ceramic concentrations 90% in initial mixture a
continuous cold spray coating layer transforms to seams under laser radiation. There are some
chemical reactions in the seam cavity (Fig.2 a,b). The authors made an assumption about the
chemicaltransformation of boron carbide to whiskers of titanium carbide as at work [3]
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Figure2. SEM-image the seam cavity cermet coating with different magnification:
a) 250X, b) 2000X
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Today, thetimeofproductionofweaandcorrosiorresistant coatings is a topical task. The
coatings with high physical and mathematical characteristics are necessary in many areas of
industry (highstrength cutting tools,lements of protection for parts acting in aggressive media,
etc.). To solve these problems, metatrix composite coatings based on mixed metal powders and
ceramics of different chemical content are used[1,2].

The paper deals with the influence of therthal processing on the miestructure of a 3D
composition created by the additive technologies method. Adaykrcoatingiscreatedbythef,-
laser; it consists of theWCand Ni powders mixture. The thickness of the grown composition is
about 5 mm. Thentheasmp|l es are put in a furnace fe@&r two
8 08,A an a.THe @herral processing regimeswere chosen on the base of [3].Analysis of the
microstructure is carried out on an electronic scanning microscope Zeiss EVO MA 15.
Thedangeinthecladmicretructureafter the thermal processing is discovered(Fig. 1).The -micro
hardness of the clad coating is measured.

0} b

Figure 1.Photos made by thalectronic scanning microscope )
Q1 the sample without pogirocessing, Joi the sarp | e a futthermal Br@c@ssing
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