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Abstract. In this paper, we studied the formation of ultrafine and nanocrystalline core—shell structures based on refractory compounds
of titanium with nickel during plasma-chemical synthesis of a mechanical mixture of TiC and TiNi in a low-temperature nitrogen
plasma. Cooling took place in an intensely swirling nitrogen flow in a quenching chamber. The derived products were separated
in a vortex-type cyclone and a bag-type fabric filter. After processing, the products were subjected to encapsulation aimed at reducing
the pyrophoricity for long-term storage of the resulting finely dispersed powders under normal conditions. X-ray diffraction and
high-resolution transmission electron microscopy were used to study the resulting powder products of plasma-chemical synthesis,
and density measurements were conducted. Additionally, to define the average particle size more accurately, the specific surface
was measured using the BET method. The instrumental research revealed the presence of ultra- and nanodispersed particles with
a core—shell structure in the powder products. These particles included titanium carbide-nitride compounds as a refractory core and
metallic nickel as a metallic shell. In addition, the presence of complex titanium-nickel nitride Tij ,Nij ;N was recorded. According
to direct measurements, the average particle size of the nanocrystalline fraction is 18.9 + 0.2 nm. The obtained research results
enabled us to develop a chemical model of crystallization of TiCXN);Ni core—shell structures, which is implemented in a hardening
chamber at a crystallization rate of 103 °C/s. To fabricate the model, we used the reference data on the boiling and crystallization
temperatures of the elements and compounds being a part of highly dispersed compositions and recorded by X-ray diffraction,
as well as the AG(¢) dependences for TiC and TiN.
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AnHoTayums. IIpoBeneHs! HUCCIe0OBaHNS, HANPABICHHBIC Ha (JOPMHUPOBAHUE YIBTPAJUCIEPCHBIX U HAHOKPUCTAINIMIECKHX CTPYKTYP

«Iapo—000II09Ka» Ha OCHOBE TYTOIUIABKHX COSIMHEHMII THTAaHA C HUKEJIEM B XOJe IIa3MOXMMHIECKOTO CHHTE3a MEXaHHIECKOH
cmecu TiC u TiNi B HU3KOTEMITEpaTypHO#l a30THOM Tu1azMe. OXJTaIeHHe MPOUCXOANIO B HHTCHCUBHO 3aKPyUYSeHHOM MOTOKE ra30-
00pa3HoOro a30Ta B 3aKaTOYHON Kamepe. [IpomyKTh! mepepaboTKH cenapupoBaINCh B yCIOBHAX IIUKIOHA BUXPEBOTO THIIA U TKaHe-
BOTO (miIBTpa pykaBHOTO THMA. [Tocie mepepaboTKH MPOTYKTHI MOABEPTaIlCh KallCyIHPOBAHHUIO, HAPABICHHOMY HA HOHIKEHHE
MUPOGOPHOCTH AT JUIUTEIFHOTO XPAHEHHUs MOTYyYSHHBIX BBICOKOJHUCIIEPCHBIX MOPOIIKOB B HOPMAJbHBIX ycnoBusx. Ilepepabo-
TAQHHBIC TTOPOIIKOBBIE MPOAYKTH IUIA3MOXUMHYECKOTO CHHTE3a HCCIEIOBATNCh METOAAMH PEHTreHOTpaduy, MIPOCBEUHBAIONICH
SIIEKTPOHHOI MUKPOCKOIIMU BBICOKOTO Pa3pelIeHHs U H3MEPEHHS INIOTHOCTH. J{OTIOMHUTENBHO, ISl yTOYHEHUS CPEAHETO pa3Mepa
YaCTHIL, IPOBOAUIUCH U3MEPEHMSI yAeIbHON oBepXHOCTH 10 MeToarke BET. Pesynbrars! annaparypHbIX UcCIeI0BaHUNA TOKa3alu
HaJIM4YHe yIbTPa- ¥ HAHOAUCIEPCHBIX YaCTHI[ CO CTPYKTYPOH «SIAPO—000JI0UKA» B MOPOIIKOBBIX MPOAYKTAX. DTH YaCTHI[BI BKIIO-
Jaau KapOuIHO-HUTPHUIHBIE COSANHEHHS THTAHA B Ka4eCTBE TYTOIUIABKOTO SApa M METAININIECKUH HUKEIb B BHJIE METAIUINIECKON
0607104KH. JIONONHATENbHO 3a(UKCUPOBAHO NPUCYTCTBUE CIIOXKHOIO THTaH-HuKenesoro nurpuna Tij Nij;N. Hanoxpucramm-
geckast Qpakiusl MO pe3ylbraTaM MPSIMBIX M3MEPEHHH XapaKTepH3yeTcsl CpeaHuM pasMepoM dactul 18,9 + 0,2 um. Ha ocHoBe
MOTyYEeHHBIX Pe3yIbTaToOB UCCIIEN0BaHMI OblIa CHOPMHUPOBAHA XUMHIECKas MOJIETb KPUCTAIIH3AIMN CTPYKTYD «SIIp0o—000I0uKa»
TiCXNy—Ni, peanusyemas B yCIOBHAX 3aKaJOYHON KaMephbl CO CKOPOCThIO Kpuctammsanuu 10° °C/c. Jlns cocTaBneHnss Momenu
HCTIONB30BANIUCH CIIPABOYHBIE JAHHBIE O TEMIIepaTypax KAIEHHS U KPUCTAUTH3AINH IEMEHTOB H COSIMHEHNI, BXOASAIINX B COCTaB

BBICOKOVICIICPCHBIX KOMITO3UIUH 1 3aMIKCUPOBAHHBIX PEHTTeHOTpadudecky, a Takxke 3aBucuMoctu AG(?) ms TiC u TiN.

KnioueBbie caioBa: HUKEIN THTaHA, KapOWJ TUTaHA, IUIA3MOXMMHUYECKHH CHHTE3, HU3KOTEMIIEpATypHas IIa3Ma, PeHTreHO(a3oBbIH
aHaIN3, IPOCBEUNBAIOIIAs AEKTPOHHASI MUKPOCKOIHS BHICOKOTO pa3pelleH s

BbnarogapHocTy: Pabora BEITIOIHEHA B COOTBETCTBUH C TOCY/IapCTBEHHBIM 3a/1anueM MHcTuTyTa xumun tBepaoro terna YpO PAH (tema

Ne 124020600024-5).

Ana untupoBanmsa: Asneesa 10.A., JIyxkosa U.B., Myp3zakaes A.M., EpmakoB A.H. TTi1a3MOXHMHUYECKHI CHHTE3 BBICOKOIHCIEPCHBIX
CTPYKTYP «S1p0—000JI0YKa» U3 MEXaHHYECKOIT cMeCcH KapOu/ia THTaHa ¢ HUKEINI0M THTaHa. M3secmust 8y308. IIopowkosas memaniypeust
u gpynkyuonarvuvle nokpuimus. 2024;18(3):5-15. https://doi.org/10.17073/1997-308X-2024-3-5-15

Introduction

At present, the nanocrystalline state of matter
is extensively investigated [1-5] as it has a number
of unique physicochemical and physicomechanical pro-
perties determined by the high dispersion of particles.
For example, the most productive methods for the for-
mation of nanocrystalline materials include plasma-
chemical synthesis in a low-temperature gas plasma [6].
From the standpoint of fundamental research [7],
“quasi-equilibrium” processes occurring during plasma-
chemical synthesis in a low-temperature gas plasma
enable one to use the laws of equilibrium thermodyna-
mics to calculate the final state of the reacting system.

The formation of core—shell structures of a given
composition during synthesis of ultra- and nanodisperse

6

materials based on refractory compounds of IV-VIA
subgroups of the periodic table, with the participa-
tion of metals such as Ni and Co, makes it possible
to synthesize composite powder products suitable for
direct use. One of the technological examples is the use
of nanomaterials, obtained during plasma-chemical
synthesis in a low-temperature nitrogen plasma and
based on refractory compounds of titanium, vanadium,
zirconium and other elements of [V—VIA subgroups, as
modifiers for casting steels and non-ferrous alloys, as
described in [8—10]. During extra-furnace steel proces-
sing, nanocrystalline materials are placed into a ladle
using different methods and are rather evenly dist-
ributed throughout the molten steel or non-ferrous
alloy, acting as artificial nuclei during crystallization.
The metal components of composite nanocrystalline
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particles, therefore, serve as a buffer layer between
the melt and the refractory core, protecting the latter
from early solid-phase dissolution. The microquantities
of such modifiers improve the physical and mechani-
cal properties of cast materials while maintaining their
specified chemical composition.

On the other hand, refractory compounds based
on elements of IV-VIA subgroups of the periodic
table, with high hardness values, are used as the basis
for tool materials [11]. The binding phases are metals
and their intermetallic compounds, which allow metal
ceramic compositions to be formed, where the matrix in
the form of grains of refractory compounds is impreg-
nated with a metal melt during high-temperature sinte-
ring in vacuum with the participation of a liquid phase.
The patterns of such processes for various powder
compositions based on titanium carbonitride TiC
were earlier described in [12—16].

O‘SNO‘S

The main objective of this paper is to study the pat-
terns for the formation of ultradisperse and nanocrys-
talline particles with a core—shell structure during
plasma-chemical synthesis of a mechanical mixture
of TiC and TiNi (1:1) in a low-temperature nitrogen
plasma.

Methods

Microcrystalline powders of titanium carbide
(50 um) and titanium nickelide (40 um) were used as
the initial components of the charge for plasma-chemi-
cal synthesis. The industrial plasma-chemical plant
described in [6] was used for plasma-chemical synthe-
sis. The plant productivity can reach 1 t/h, which con-
firms a quite reasonable cost of this technology.

The capacity of the plasma chemical plant (FSUE
SRIOCCT, Saratov) was 25 kW, voltage — 200-220 V,
current — 100—110 A, plasma flow speed — 55 m/s, gaseous
nitrogen flow rate in the plasma reactor — 25-30 m3/h
(of which plasma formation accounted for 6 m3/h and
stabilization and hardening — 19-24 m3/h). The initial
mechanical mixture consumption was 200 g/h.

The pneumatic transport transferred the processed
ultrafine and nanocrystalline powder into a vortex-
type cyclone and a bag-type fabric filter for separation.
Nitrogen was used as a transport gas. After cooling, air
was slowly introduced into the separation units to form
a thin passivating oxide film. At the next passiva-
tion stage, the materials were encapsulated in a spe-
cialized unit of a plasma-chemical plant (capsulator),
which ensures long-term storage of highly dispersed
materials under normal conditions. The technique
of plasma-chemical synthesis in a low-temperature
nitrogen plasma based on the plasma recondensa-
tion scheme is described in more detail in [6].

The core—shell structures processed in the form
of ultrafine and nanocrystalline powders were studied
by X-ray diffraction (SHIMADZU XRD 7000 X-ray
diffractometer, CuK -cathode, Japan) and high-reso-
lution transmission electron microscopy (HR TEM)
(JEOL JEM 2100 transmission electron microscope,
Japan). The X-ray investigation results were pro-
cessed using the WinXPOW software (ICDD database)
to determine the phase composition of the resulting
core—shell structures. The crystallographic para-
meters of the phase components were specified in
the PowderCell 2.3 software package using the ICSD
file located on the Springer Materials e-platform.
The electron microscope images were processed
to measure particle sizes in Measurer software and
then in standard mathematical editors to construct
distribution histograms and determine the average
particle size. High-resolution images were processed
in the DigitalMicrograph 7.0 software. The results
of interplanar spacing measurements were compared
with the ICDD database file to specify the phase com-
position and determine the local states of additionally
detected phases.

The density of the final synthesis products was
assessed using a helium pycnometer (AccuPyc II 1340
V1.09, Micromeritics, USA). The specific surface
area was measured on a specific surface area analyzer
(Gemini VII 2390 V1.03 (V1.03 t), USA) using the BET
method. The average particle size was determined for
each of the processed fractions based on the values
of density and specific surface area [17].

Results and discussion

The results of X-ray investigations of fractions
of core-shell structures obtained during plasma-che-
mical synthesis in a low-temperature nitrogen plasma
of a mechanical mixture of TiC and TiNi are presented
in Fig. 1 and in the table. The refractory phase in both
fractions of dispersed materials is represented by cubic
compounds.

While specifying the unit cell parameters, we
revealed that during crystallization in a quenching
chamber at a rate of 103 °C/s, oxycarbide and carbo-
nitride phases of various compositions are formed in
each fraction, as indicated in the table. The carbonitride
composition is formed with a predominant amount
of nitrogen in the non-metallic sublattice.

According to X-ray diffraction results, the cubic
Ni phase (Fm-3m space group) is observed only in
the fabric filter fraction, where its amount is deter-
mined to be 5 wt. % (see the Table). At the same time,
the X-ray diffraction pattern of the powder composi-
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tion from the filter contains complex titanium-nickel
nitride Ti ;Ni ;N in the amount of 5 wt. %. According
to the X-ray diffraction patterns (see Fig. 1), titanium-
nickel nitride Ti,,Nij,N, the visualization of which
was presented in [18], is in a highly deformed state
causing changes in intensities [19]. The resulting prefe-
rential orientation of the crystal lattice, in accordance

with [20], can be ensured by the high rate of crystal-
lization of the obtained powders. The issues related
to formation and identification of Ti,,Ni ;N using
the example of the TiN-Ni core—shell structure, stu-
died within the framework of high-resolution trans-
mission electron microscopy, are discussed in [21].
The rutile modification of TiO, is formed in the course
of forced acidification by slow inflow of air into classi-
fiers / and 2, its share being 2 wt. %.

n © TiCy 0017 The measurements of pycnometric density and
:?C“‘“?N”'” specific surface area by the BET method, presented in
ip,Nig 3N
on'l v Ni the table, revealed that the core—shell structures formed
Classifir 2 ¢ Tio, differ in density values. This effect can be attribu-
assiner . .
(filter) ted to the quantitative content of the processed
compositions.

=y T .
E Visualization of the core—shell structure using
= the example of a nanocrystalline fraction from classi-
fier 2 — a bag-type fabric filter — was confirmed by high-

° e ® TiCy 0y 15 resolution transmission electron microscopy (Fig. 2).

| TiC, ;,N . . .
Classifier / ° il Figure 2,a, b shows the general picture, which
(cyclone) . demonstrates that the fraction from the filter is really
= o5 nanodispersed, since the average particle size based
I "L om on the results of 767 measurements is 18.9 + 0.2 nm;
. L i L ‘ the histogram of particle size distribution is shown in

0 20 40 60 80 100 Fig. 2, ¢
20, deg

Fig. 1. X-ray diffraction patterns of highly dispersed fractions
obtained from a mechanical mixture of TiC and TiNi (1:1)
during plasma-chemical synthesis in a low-temperature
nitrogen plasma

Puc. 1. PeHTreHOrpaMMbl BBICOKOUCIIEPCHBIX (PaKIIHii,
noy4eHHbIX 13 Mexanndeckoid cmecu TiC—TiNi (1:1)
B IIpOLECCE TITa3MOXUMUYECKOTO CHHTE3a
B HU3KOTEMIIEPaTypHOI a30THOM 11a3Me

The presence of a core—shell structure is determined
by the presence of high-contrast areas at the periphery
of the grains, and the grains themselves have both
a round and faceted shape, as shown in Fig. 3.

Figure 3 shows the results of fixation of metal-
lic nickel (plot /) and titanium carbide TiC (plot 2).
According to the results of measurements of inter-
planar spacing in plot /, cubic metallic Ni (Fm-3m

Phase composition, density (p), specific surface area (S p) and the calculated value of the average size
of the resulting particles (davg) from the mechanical mixture of TiC and TiNi (1:1) after plasma-chemical synthesis
in a low-temperature nitrogen plasma

®a30Bblii COCTaB, IVIOTHOCTH (P), yAeaAbHasI IOBEPXHOCTH (Syu) U pacyeTHOe 3HAYeHHE CPeIHero pa3mepa
MOJy4eHHBIX YaCTHI (dcp) u3 mexanuueckoii cmecn TiC—TiNi (1:1) mocie mIa3MOXHMHYECKOT0 CHHTE3a

B HU3KOTEeMIIepaTypPHOi a30THOH Miazme

Fraction Phase Space erou Phase fraction, Lattice Jomd | S me | d m
composition pace group wt. % parameter, nm P & sp> V8 | Gaygr M
Classifier 1 TiCy5,Ou Fm-3m 86 a=043162 | 1
(cyclone) TiC, ,N, -, Fm-3m 14 a=0.42496
TiC Fm-3m 44 a=0.43222
TiC, 4Ny ss Fm-3m 44 a=0.42606
) Ni Fm-3m 5 a=0.35406
Classifier 2 . a=044860 | 566 | 10600 | 0.01
(filter) TiO, P42/mnm 2
c=0.29859
o a=0.29735
Ti, Ni ;N P-6m2 5
: - c=0.28934
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Fig. 2. HR TEM of a nanocrystalline powder with a core—shell structure obtained from a powder mechanical mixture
of TiC and TiNi (1:1) during plasma-chemical synthesis in a low-temperature nitrogen plasma (a, b)
and histogram of particle size distribution plotted based on direct measurements (c)

Puc. 2. TIDM BP HaHOKPHCTAIIMYECKOTO MOPOILIKA CO CTPYKTYPOH «sIIp0—000I04YKay, ITOIYUYESHHOTO U3 MOPOIIKOBOM
mexanudeckoit cmecu TiC—TiNi (1:1) B Xoae m1a3MOXHMHUYECKOTO CHHTE3a B HU3KOTEMIIEpaTypHOM a30THOM 1ia3me (a, b),
1 TUCTOTpaMMa pacrpeesieHus: pa3MepoB YaCTHLL, IOCTPOCHHAs: Ha OCHOBE MPSAMBIX U3MEPEHUi (c)

space group) is characterized by interplanar spa-
cings  d,,=0.1797 nm, d,,,=0.2054 nm, and
d ,,,=0.2087 nm. In plot 2, the identified planes

belong to TiC (Fm-3m space group), d,;; = 0.2533 nm.

The hexagonal Ni is present in the form of a (002)
plane with interplanar spacing d,,=0.2189 nm in
the section of the electron microscope image shown in

Fig. 4.

The presence of titanium-nickel nitride Ti,,Ni ;N
of the hexagonal modification (P-6m2 space group,
d,,, = 0.2543 nm) along with hexagonal Ni (space
group P6./mmc, d,, =0.2250 nm) and cubic TiC
(Fm-3m space group, d,,, =0.2568 nm) is shown in
Fig. 5.

Based on the TEM studies, Fig. 6 shows an example
of the presence of faceted particles of cubic titanium
carbide TiC — the composition of the presented faceted
particle is interpreted by the (200) TiC plane (Fm-3m
space group), d,,, = 0.2150 nm.

Summarizing the findings of X-ray diffraction and
high-resolution transmission electron microscopy,
we can formulate a chemical model of the core—shell
structures formed during plasma-chemical synthesis
in a low-temperature nitrogen plasma followed by
crystallization in an intensely swirling nitrogen flow
(Fig. 7). The model is based on the physicochemical
properties of all interpreted phase components, which
include boiling, condensation and crystallization tem-

9
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Fig. 3. HR TEM of nanocrystalline powder particles with a core—shell structure
obtained from a powder mechanical mixture of TiC and TiNi (1:1) during plasma-chemical synthesis
in a low-temperature nitrogen plasma, taking into account the presence of metallic Ni (plot /) and titanium carbide TiC (plot 2)

Puc. 3. TIDM BP HaHOKPHCTAUINYECKUX YaCTHI] TOPOLIKA CO CTPYKTYPOH «sAp0—000JI0uKa»,
TIOTyYeHHOTO 13 mopomkoBoit Mexanmdeckoit cmecn TiC—TiNi (1:1) B Xoze mIa3MOXUMHIECKOTO CHHTE3a
B HA3KOTEMITEpaTypHOH a30THOH IIa3Me, C y4eToM MPHCYTCTBUS MeTamaeckoro Ni (ydactok /) n kapouaa Tutana TiC (ygacTok 2)

Fig. 4. Localized state of hexagonal metallic Ni according to the results of HR TEM and fast Fourier transform

Puc. 4. Jlokanu3oBaHHOE COCTOSIHHE MeTaILTHYecKoro Ni rekcaroHanbHOi MoubHUKaun
o pesynsraram [I9M BP u 6sicTporo npeo6GpazoBanust Oypne

10
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peratures [22; 23], as well as functional dependences pounds [22] by molten nickel metal was utilized to jus-
AG(¢) under equilibrium conditions [24]. Additionally, tify the metallic shell on the periphery of nanocrystal-
information on the wettability of refractory com- line refractory particles.

Fig. 5. Localized state of Ti ,Ni, ,N (P-6m2 space group) according to the results of HR TEM

Puc. 5. Jloxanmsosannoe cocrosune Tij ;Nij ;N (mp. rp. P-6m2) no pesynsratam [I9M BP

Fig. 6. Faceted nanocrystalline TiC particle coated with an amorphous layer of metallic nickel

Puc. 6. Orpanennas HaHokpucrautndeckas yactuna TiC, mokpbiTas aMOP(QHBIM CI0EM METAJUTMYECKOTO HUKEIS

il
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Within the framework of this model, the flow
of low-temperature plasma with a mechanical mixture
of TiC and TiNi is separated by temperature barriers
as it enters the quenching chamber filled with nitro-
gen. The boiling or crystallization temperatures of all
phase components determined by X-ray diffraction are
selected as temperature barriers.

Keeping in mind that low-temperature plasma can
exist only in the temperature range of 4000-6000 °C,
the first temperature barrier responsible for the crys-
tallization of the refractory components of the emerg-
ing core—shell structures can be identified as
the transition of titanium carbide from a gaseous
state to a solid state described in [25-28], its tem-
perature is 4300 °C [23]. Considering the signifi-
cant excess of gaseous nitrogen in the entire volume
of the quenching chamber, it can be stated that under
these conditions it interacts with solid-phase TiC with
the subsequent formation of carbonitride TiC N_ (see
the Table). The functional dependences AG(¢) for
these processes [24] and the data on phase forma-
tion in the Ti—C—N system [29] confirm that mutual
solid solutions with wide homogeneity regions can
be formed. At the same time, during the crystalliza-
tion of refractory components in the quenching cham-
ber, TiNy titanium nitride nanoparticles, isomorphic
to Ti-C—N compounds, can be formed on the surface.

Separately, it should be mentioned that pas-
sing the temperature range of 4300-3930 °C nickel
remains in a gaseous state up to the temperature
of 2730 °C [30], at which it passes from a gasecous
to a liquid state and which is the second temperature
barrier. Passing the boiling point, liquid nickel actively

1,(TiC) = 3300 °C ¢

cond

(Ni) = 2730 °C

interacts with refractory grains. Under these condi-
tions, titanium-nickel nitride Ti ,Ni ;N is formed [21]
according to the theory of heterogeneous nuclea-
tion by B. Chalmers [31], some provisions of which are
given in [8] by the reaction equation
TiN (s) + Ni(I) + N,7 — Ti,,Ni;N. H
It should be noted that the complex nitride Ti,,Ni ;N
and its analogue Ti ,Co,,N were earlier detected

by X-ray diffraction and transmission electron micros-
copy and described in [21; 32-34].

Reaction (1) occurs in the temperature range
from 1600 °C [18] to 1455 °C, which corresponds
to the crystallization temperature of metallic nickel
and constitutes the third temperature barrier in the pre-
sented model. As nickel crystallizes, no chemical inter-
actions occur in the formed core—shell structures, and
all the resulting compositions can only cool down at
this stage. Next, the mixture of processed fractions is
transported to classifiers / and 2 for separation.

Conclusion

As a result of plasma-chemical synthesis in a low-
temperature nitrogen plasma, we obtained ultrafine and
nanocrystalline fractions of particles with a core—shell
structure from a mechanical mixture of titanium car-
bide TiC and titanium nickelide TiNi in the ratio of 1:1.

All the resulting powder compositions were
studied by X-ray diffraction and helium pycno-
metry. The specific surface area was determi-
ned using the BET method. The nanocrystal-

1,,(Ni) = 1455 °C

Plasma
4000-6000 °C

&

oolin
of nanoparticles
with a|“corershell”
structure

VVY —~>

Tangential nitrogen flow

Fig. 7. Chemical mechanism of formation of a core—shell structure during plasma-chemical synthesis
of the powder mixture of TiC and TiNi (1:1) in a low-temperature nitrogen plasma

Puc. 7. Xumnueckuii MexaHu3M (GOPMHUPOBAHUS CTPYKTYPBI «IAPO—000JI0UKa» B XO/I€ INIa3MOXHMMHYECKOI0 CHHTE3a
nopomikoBoit cmecu TiC—TiNi (1:1) B HU3KOTEeMIepaTypHOI a30THOH IIa3Me
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line fraction was thoroughly investigated using
high-resolution transmission electron microscopy.

Based on the research findings, the following con-
clusions can be drawn:

1. The ultra- and nanodispersed compositions
formed during plasma-chemical synthesis have a core—
shell structure. According to X-ray phase analysis
confirmed by the results of high-resolution trans-
mission electron microscopy, the refractory core is
the TiC/TiCXNy/TiCxOZ compound coated with a metal-
lic Ni shell; the complex titanium-nickel nitride
Ti, ,Ni, ;N acts as an interphase layer.

2. Based on X-ray diffraction and transmission elec-
tron microscopy data, taking into account the physico-
chemical features of the detected phase components,
we formulated the chemical mechanism for the forma-
tion of ultradisperse and nanocrystalline particles with
a core—shell structure under crystallization conditions
at a rate of 10°°C/s in a tangential nitrogen flow in
a quenching chamber of the plasmatron.

3. The chemical mechanism of the forma-
tion of nanocrystalline particles is the overcoming
of temperature barriers by the plasma flow, with ele-
ments evaporated in it that are a part of the charge.
The crystallization temperatures of phase components
that are present, according to X-ray diffraction, in ultra-
disperse and nanocrystalline particles act as tempera-
ture barriers.
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