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Abstract. Ceramic-metal composites (cermets) based on multicomponent phases are the newest research direction in the field of high-

entropy and medium-entropy materials. Like traditional cermets, they consist of ceramic grains and a metal binder, with at least one 
of these phases being a high- or medium-entropy solid solution of three or more components in comparable concentrations. In this 
work, the possibility of producing (100 – x)TiC + xCoCrNi cermet in the range of x = 0÷60 wt. % by self-propagating high-temper-
ature synthesis (SHS) is investigated for the first time. It is shown that the size of the CoCrNi binder particles added to the powder 
reaction mixture significantly affects the combustion patterns and the structure formation of the material. When using large granules 
(~1.5 mm), the combustion rate is higher compared to the combustion of mixtures with a fine binder, while the chemical composi-
tions and combustion temperatures are similar.The relative difference in the average combustion rate increases from 30 % to two 
times with an increase in the binder content from 10 to 40 wt. %. This effect occurs due to the combustion wave “slippage” between 
the granules and is explained by the assumption of thermal micro-heterogeneity of the reacting medium. The use of a finer CoCrNi 
powder (~0.2÷0.5 mm) allows obtaining homogeneous macrostructure of SHS products without large cracks and chips, and a finer-
grained microstructure. In this case, the interaction of the binder with the TiC ceramic phase that is forming in the SHS wave is 
observed, which is expressed in the dependence of the crystal cell parameter of the carbide phase on the binder content. The results 
can be used to control the microstructure and phase composition of multicomponent cermets obtained by the SHS method. 
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IntroductionIntroduction
Over the past two decades, high-entropy materials 

have attracted considerable attention from materials 
scientists worldwide due to their unique combination 
of  mechanical, electrical, magnetic, and other pro
perties  [1–3]. High-entropy materials are generally 
defined as single-phase disordered solid solutions 
containing five or more elements in equal or near-
equal atomic concentrations [1]. Such a configuration 
provides high configurational (mixing) entropy, which 
is believed to stabilize the solid solution phase [1; 2]. 
Although the  stabilizing effect of  entropy has not 
been strictly proven  – leading to  some criticism 
of the term “high-entropy” – it remains a convenient 
designation for this new class of materials [1; 3]. The 
term distinguishes them from conventional multicom-

ponent alloys, which are typically based on one or 
two principal elements, with the rest acting as minor 
alloying additions. Recent studies have revealed that 
alloys containing three or four principal elements 
(for example, CoCrFeNi or CoCrNi) can exhibit 
mechanical properties superior to  those of  five-
component or more complex systems  [4; 5]. Such 
compositions, which follow the  same design prin-
ciple as high-entropy materials – namely, comparable 
atomic concentrations of several elements in a single 
phase  – but contain only three to  four elements, 
are referred to  as medium-entropy alloys (MEAs). 
Among these, the CoCrNi alloy has attracted special 
interest because it possesses the  highest cryogenic 
impact toughness among all known materials  [5–7]. 
At room temperature, its ultimate tensile strength 
reaches 1000 MPa with an elongation at fracture 
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Аннотация. Керамико-металлические композиты (керметы) на основе многокомпонентных фаз являются новейшим направ-

лением исследований в области высоко- и среднеэнтропийных материалов. Как и традиционные керметы, они состоят из 
керамических зерен и связки (чаще всего металлической), при этом хотя бы одна из этих фаз является высоко- или сред-
неэнтропийным твердым раствором 3 и более компонентов в сопоставимых концентрациях. В настоящей работе впервые 
исследована возможность получения кермета (100 – x)TiC + xCoCrNi в диапазоне x = 0÷60 мас. % методом самораспро-
страняющегося высокотемпературного синтеза (СВС). Показано, что размер частиц связки CoCrNi, которые добавляются 
в порошковую реакционную смесь, существенно влияет на закономерности горения и структурообразование материала. 
При использовании крупных гранул (~1,5 мм) скорость горения выше по сравнению с горением смесей с мелкой связкой 
при одинаковых химическом составе и температуре горения. Относительная разница в средней скорости горения возрастает 
от 30 до 100 % с увеличением содержания связки от 10 до 40 мас. %. Этот эффект возникает благодаря прохождению волны 
горения по реакционной смеси Ti + C между гранулами и находит объяснение в предположении тепловой микронеоднород-
ности реагирующей среды. Использование более мелкого порошка CoCrNi (~0,2÷0,5 мм) позволяет получить однородную 
макроструктуру продуктов СВС без крупных трещин и сколов и более мелкозернистую микроструктуру. При этом наблюда-
ется взаимодействие связки с формирующейся в волне СВС керамической фазой TiC, что выражается в зависимости пара-
метра кристаллической ячейки карбидной фазы от содержания связки. Полученные результаты могут быть использованы 
для управления микроструктурой и фазовым составом многокомпонентных керметов, получаемых методом СВС.  

Ключевые слова: самораспространяющийся высокотемпературный синтез (СВС), кермет, карбид титана, среднеэнтропийный 
сплав
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of  70 %, and the  crack-initiation fracture toughness 
(KJ1c ) exceeds 200 MPa·m1/2. At  cryogenic tempera-
tures, the mechanical performance further improves, 
with tensile strength exceeding 1.3 GPa, elongation 
of 90 %, and KJ1c = 275 MPa·m1/2 [5].

Cermets (powder composite materials) based on 
multicomponent phases have recently emerged as 
a  novel subclass within the  family of  high-entropy 
materials. Similar to  conventional cermets, they 
consist of  ceramic grains embedded in a metallic 
binder; however, in these systems, either the  ceramic 
phase, the  metallic binder, or both microstruc-
tural constituents can be high- or medium-entropy 
solid solutions. An example of  the  first approach is 
the  (Ti0.2Zr0.2Nb0.2Ta0.2Mo0.2)C0.8–Co, cermet, where 
the ceramic phase represents a high-entropy carbide – 
an equimolar solid solution of five transition-metal car-
bides [8]. The single-component metallic binder (Co), 
introduced in amounts of  7.7–15.0 vol. %, increased 
the fracture toughness (K1c ) up to 5.35 MPa·m1/2 while 
maintaining high hardness (21.05 ± 0.72 GPa), mak-
ing this material suitable for cutting tool applications. 
The influence of different metallic binders (Co, Ni, FeNi) 
on the  properties of  (Ta,Nb,Ti,V,W)C-based cermets 
has also been investigated, demonstrating that these 
materials can compete with WC-based cemented car-
bides in performance [9]. 

An example of  the  second approach is the  SHS-
derived TiC–CoCrFeNiMe cermet, where Me = Mn, Ti, 
or Al  [10]. The content of  the  ductile high-entropy 
binder phase reached up to  50 wt. %1, while hard-
ness varied from 10 to  17 GPa. Using powder 
metallurgy techniques, other cermets with high-
entropy alloy binders have been produced, such as 
WC–CoCrFeNiMn [11], Ti(C,N)–CoCrFeNiAl [12; 13], 
TiB2–CoCrFeNiTiAl [14; 15], TiB2–CoCrFeNiAl [16], 
TiB2–TiC–CoCrFeNiTiAl  [17] and other. Such mate
rials are now recognized as a new class of cermets [18]. 

Finally, according to the third approach, a material 
of  the  composition (TiTaNbZr)C–TiTaNbZr as been 
obtained, in which both the  ceramic phase (carbide) 
and the  metallic binder are multicomponent. This 
material exhibits an excellent combination of mechani-
cal properties, including a room-temperature flexu
ral strength of  541 MPa, a compressive strength 
of  275 MPa at 1300 °C, and a fracture toughness 
of 6.93 MPa·m1/2 [19].

The aim of  the  present study was to  investigate 
the  feasibility of  synthesizing TiC–CoCrNi cermet 
by the  self-propagating high-temperature synthesis 
method.

Materials and methodsMaterials and methods
Powder mixtures of  the  composition (100 – x)

(Ti + C) + x(CoCrNi) with different binder contents 
(x = 0, 10, 20, 30, 40, 50, and 60 %) were prepared 
for the  study. The following commercial powders 
were used: titanium grade PTM-1 (mean particle size 
d = 55 µm), carbon black P-804 (d = 1–2 µm), nickel 
NPE-1 (d = 150 µm), cobalt PK-1u (d < 71 µm), and 
chromium PKh-1M (d < 125 µm). The binder phase 
was introduced in the form of a CoCrNi alloy powder. 
To produce the  alloy, an equiatomic mixture of  pow-
ders (34.7 % Co + 30.7 % Cr + 34.6 % Ni) was loaded 
into steel vials of  an Activator-2S planetary ball mill 
(Russia) together with steel grinding balls (6 mm in 
diameter) in a mass ratio of 20:1 (200 g of balls per 10 g 
of  mixture). The vials were hermetically sealed and 
equipped with valves for vacuum pumping and gas fill-
ing. After evacuation to a residual pressure of 0.01 Pa, 
the vials were filled with argon to 0.6 MPa. Mechanical 
alloying was carried out for 60 min at a rotation speed 
of  694 rpm in an argon atmosphere with a rotational 
speed ratio between the  vial and the  supporting disk 
of K = 2. As a result of mechanical alloying, a single-
phase face-centered cubic (FCC) CoCrNi alloy pow-
der was obtained (Fig. 1, a) with a lattice parameter 
of  a = 3.5697 ± 0.0017 Å. Its appearance is shown in 
Fig. 1, b.

The medium-entropy alloy powder was granu-
lated by mixing it with a liquid binding agent  – 4 % 
solution of  polyvinyl butyral (PVB) in ethanol. The 
resulting paste was forced through a laboratory sieve 
with 1.6 mm mesh openings, dried in air for 10–12 h, 
and then sieved using a vibrating screen. Two frac-
tions of  granulated powder were used in the  experi-
ments. The coarse fraction (0.6–1.6 mm) was used as 
obtained (Fig. 1, c), while the fine fraction (<0.6 mm) 
was additionally ground in a mortar until its morpho
logy matched that of  the  powder obtained directly 
after mechanical alloying (Fig. 1, b). This procedure 
provided two powders with markedly different particle 
sizes but identical phase composition (CoCrNi) and 
gasifying additive content (0.6–0.7 % PVB).

The reactive mixtures were prepared by mechanical 
mixing of Ti, C, and CoCrNi powders (fine or coarse 
fraction) without grinding to  preserve the  granule 
size. Cylindrical compacts (height 1.4–1.8 cm, dia
meter 1 cm, mass 2.5–4.0 g, porosity 40–45 %) were 
produced by double-sided cold pressing in detachable 
steel dies under a pressure of 120 kg/cm2.

Combustion was performed in a constant-pres-
sure chamber under argon atmosphere at P = 1 atm. 
The  compact was placed on a boron nitride (BN) 
ceramic support and fixed on top with a BN ring 1 Unless otherwise specified, all compositions are given in wt. %.
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to  prevent elongation during combustion. The SHS 
process was initiated at the upper surface of the com-
pact using a heated tungsten coil through an ignition 
pellet of Ti + 2B composition to ensure stable ignition 
conditions. The process was recorded on video through 
a viewing window, and the average linear combustion 
velocity was determined frame-by-frame. The com-
bustion temperature (Тc ) was measured with a W-Re 
thermocouple (WR5/WR20) with a junction diameter 
of  0.2 mm, inserted 5 mm deep along the  axis from 
the bottom of the compact.

Phase composition and crystal structure were 
analyzed using a DRON-3M X-ray diffractometer 
(Burevestnik, Russia). Microstructural observations 
were performed on an Ultra+ scanning electron micros
cope (Carl Zeiss, Germany) in secondary- and back-
scattered-electron modes.

ResultsResults
Fig. 2 shows the TiC samples before and after SHS. 

Samples produced from mixtures containing the  fine 
CoCrNi powder binder underwent slight deformation 
during combustion but retained relatively homogeneous 
surface morphology (Fig. 2, b–g). The only exception 
was the  sample with 10 % binder, which exhibited 
large surface cavities. A spiral pattern characteristic 
of  the  so-called spin combustion mode  [20] appeared 
on the  sample containing 60 % binder  [20]. In con-
trast, all samples with coarse granulated binder pow-
der exhibited severe cracking, with large cavities and 
cracks up to  several millimeters long oriented along 
the compact axis (Fig. 2, i–n). The sample containing 
60 % coarse binder burned only halfway and the reac-

tion ceased. The differences in surface macrostructure 
became more evident at higher magnification (Fig. 3). 

The dependences of  the  average linear combus-
tion velocity on the  binder content (Fig. 4, a) were 
markedly different for the  fine and coarse CoCrNi 
powders. Compositions containing coarse granules 
burned significantly faster, with the  relative differ-
ence in mean combustion velocity increasing from 
30 to 100 % as the binder content increased from 10 
to  40 %. The  experimentally measured maximum 
temperature of  the  combustion products depended 
on the  binder content but was nearly independent 
of  the  initial binder particle size introduced into 
the  reactive mixture prior to  combustion. This tem-
perature was slightly below the  calculated adiabatic 
value, which can be ascribed to  heat losses from 
the  compact to  the  fixture and the  chamber environ-
ment, given the small specimen size. The combustion 
limit with respect to  the  concentration of  the  ther-
mally inert binder was 50 % for the  coarse granules 
and 60 % for the  finer powder; beyond these levels, 
the  reaction either extinguished or failed be initiated. 
The dependences of combustion velocity on maximum 
temperature deviated significantly from the  theoreti-
cally predicted exponential behavior (Fig. 4, b). A for-
mal estimation of the apparent activation energy from 
the  logarithmic velocity–inverse temperature relation 
yielded Ea = 106 ± 14 kJ/mol for the fine CoCrNi pow-
der and 23 ± 8 kJ/mol for the coarse powder. 

The combustion front in mixtures containing 
the coarsely dispersed binder powder exhibited a more 
curved shape compared with that in mixtures contain-
ing the fine binder (Fig. 5). However, it should be noted 

Fig. 1. X-ray diffraction pattern of the CoCrNi powder after mechanical alloying (a), its macroimage (b),  
and the appearance of the coarse granulated fraction (c) 

Рис. 1. Рентгенограмма порошка после механического сплавления (а), его макрофотография (b)  
и внешний вид крупной фракции гранулированного порошка (c)
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that front distortions and bright localized reaction 
zones were observed in all compositions.

X-ray diffraction analysis of  the  combustion pro
ducts revealed two main phases: titanium carbide 

(FCC) and a solid solution with FCC structure cor-
responding to  the metallic binder (Fig. 6). In samples 
synthesized from mixtures with fine CoCrNi powder, 
the  relative intensity of  the  binder peaks increased 

Fig. 2. Photographs of TiC samples before (a) and after SHS (b–n): TiC without binder (h);  
compositions with fine (b–g) and coarse (i–n) binder powders 

Рис. 2. Фотографии образцов TiC – исходного (а) и после сгорания (b–n): TiC без связки (h),  
составы с мелкодисперсной (b–g) и крупнодисперсной (i–n) связкой

Fig. 3. Surface morphology of TiC samples before (a) and after SHS (b–l):  
TiC without binder (g), compositions with fine (b–f) and coarse (h–l) binder powders 

Рис. 3. Фотографии поверхности образцов TiC – исходного (а) и после сгорания (b–l):  
TiC без связки (g), составы с мелкодисперсной (b–f) и крупнодисперсной (h–l) связкой

Powder Metallurgy аnd Functional Coatings. 2025;19(6):5–15 
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monotonically with binder content. At high binder con-
centrations, weak reflections corresponding to  a third 
phase – presumably chromium carbide – were detected 
in the  samples (Fig. 6, a). In samples prepared with 
coarse granules, the diffraction results varied greatly: 
some showed almost no binder reflections, while others 
exhibited strong peaks from this phase. Unexpectedly, 
the lattice parameter of the titanium carbide phase was 
found to  depend on the  particle size of  the  CoCrNi 
powder added to the mixture (fine or coarse) (Fig. 7, a). 
This clearly indicates an interaction between the metal-
lic binder and the ceramic TiC phase during SHS. For 
the metallic phase itself, despite some scatter, no sig-
nificant dependence of lattice parameter on binder con-
tent was observed (Fig. 7, b).

Microstructures of  the  synthesized cermets (frac-
ture surfaces) are shown in Fig. 8 for the composition 
60 % TiC + 40 % CoCrNi. Samples produced using 
fine medium-entropy alloy powder consisted of  TiC 
grains 2–3 µm in size. The intergranular regions were 
filled with the binder phase (appearing bright in back-
scattered electron images, while TiC grains appeared 
dark due to  atomic number contrast). Overall, these 
samples exhibited a uniform structure. In contrast, 
samples obtained using coarse granules contained 
areas with strongly varying TiC grain sizes: along 
with fine-grained regions, isolated areas with coarser 
grains (5–10 µm) were observed. The binder layers in 
these regions were thinner – the larger the TiC grains, 
the  thinner the  metallic binder layers, and in some 
cases, they were nearly absent. Since the compositions 
of  both cermets were identical, the  observed micro-
structural differences evidently arise from distinct 
combustion dynamics and structure formation mecha-
nisms occurring behind the combustion front.

DiscussionDiscussion
All experimental results obtained in this study 

can be explained by assuming thermal micro-inho-
mogeneity of  the  reacting medium under SHS condi-
tions. This medium consists of  the exothermic Ti + C 

Fig 4. Dependences of combustion velocity and temperature on 
binder content (a) and combustion velocity  

on combustion temperature (b)
1 – calculated adiabatic combustion temperature;  

2 and 4 – measured combustion temperatures for fine (2)  
and coarse (4) binders; 3 and 5 – combustion velocities for fine (3)  
and coarse (5) binders; 6 and 7 – combustion velocity of mixture  

with fine binder as a function of temperature; (7) – combustion velocities 
for fine (6) and coarse (7) binders as a function of temperature 

Рис. 4. Зависимости скорости и температуры горения  
от содержания связки (а) и скорости горения  

от температуры процесса (b)
1 – расчетная адиабатическая температура горения;  

2 и 4 – измеренные термопарой температуры горения смеси  
с мелкой (2) и крупной (4) связкой; 3 и 5 – скорости горения смеси  
с мелкой (3) и крупной (5) связкой; 6 и 7 – скорости горения смеси  

с мелкой (6) и крупной (7) связкой как функция температуры

Fig. 5. Video frames of the combustion front for mixtures 
containing fine (a) and coarse (b) binder 

Рис. 5. Видеокадры волны горения смеси с мелкой (а)  
и крупной (b) связкой
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mixture and the  thermally inert diluent – the CoCrNi 
binder. The dependence of the combustion behavior on 
the particle size of  the  inert diluent was theoretically 
predicted in [21] and experimentally confirmed in [22]. 
The explanation of these dependencies can be summa-
rized as follows. Fine diluent particles are completely 
heated within the  combustion wave (in both the  pre-
heating and reaction zones) and therefore exert a strong 
influence on the propagation velocity of the wave. In this 
case, combustion proceeds under thermal homogeniza-
tion conditions. In contrast, coarse diluent particles 
do not fully heat up within the combustion wave and 
thus exert a relatively weak effect on the reaction zone. 
The combustion wave propagates between the  large 
particles, practically “ignoring” their presence, and 
the  average combustion velocity in such systems is 
therefore higher. For example, in  [22] the  combus-
tion of a Ti + C mixture diluted with chemically inert 
TiC particles (50 μm to 2.5 mm) was investigated. For 

the  composition 70 % (Ti + C) + 30 % TiC, two dis-
tinct combustion modes were observed depending on 
the  TiC particle size: at d < 240 μm the  combustion 
velocity was 0.75 cm/s, then it increased and reached 
a new constant value of 2.4 cm/s for d > 750–800 μm. 
The dependencies obtained in the present study (Fig. 4) 
are consistent with these results. The main difference 
is that in our case, the  diluent particles melt within 
the  combustion wave and can infiltrate the  pores 
between the TiC grains.

The effect of  granulation on the  combustion velo
city of  Ti + C and (Ti + C) + 20 % Cu compositions 
was studied in [23]. It was shown that the combustion 
velocity of  granulated mixtures with a granule size 
of 0.6 mm was higher than that of ungranulated powder 
mixtures, and mixtures with 1.7 mm granules burned 
even faster. The explanation proposed in [23] was that 
impurity gases slow down combustion-front propaga-

Fig. 6. X-ray diffraction patterns of SHS products with different binder contents introduced as fine (a) and coarse (b) granules 

Рис. 6. Дифрактограммы продуктов СВС с разным содержанием связки, добавленной в виде мелких (а) и крупных (b) гранул

Fig. 7. Dependence of lattice parameters on binder content for titanium carbide (a) and metallic binder (b)
1 – TiC without binder; 2–5 – compositions with fine (2, 4) and coarse (3, 5) binder powders 

Рис. 7. Зависимость параметров кристаллической решетки от содержания связки для карбида титана (а)  
и металлической связки (b)

1 – TiC без связки; 2–5 – связка вводилась в виде мелкого порошка (2, 4) и крупных гранул (3, 5)
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tion. In the present work, however, only the inert dilu-
ent – not the entire reactive mixture – was granulated. 
Therefore, the  increased combustion velocity in mix-
tures with coarse-grained diluent is more accurately 
explained in terms of  the  thermal micro-inhomoge-
neity model proposed in  [21; 22]. It should also be 
noted that, in our experiments, the addition of the inert 
diluent led to a monotonic decrease in both combustion 
temperature and velocity (Fig. 4), in contrast to  [23], 
where introducing 20 % Cu increased the combustion 
velocity relative to the undiluted Ti + C mixture.

Melting of particles and spreading of  the resulting 
melts largely determine the macro- and microstructure 
of SHS products. Elongation of compacts and the for-
mation of macroscopic cracks during combustion occur 
under the pressure of  impurity gases – mainly hydro-
gen – released even in the combustion of nominally gas-
free systems such as Ti + C  [24–26]. Surface-tension 
(capillary) forces can counterbalance the gas pressure; 
in this case, the sample does not expand or crack, and 
in some cases may even shrink after SHS. During com-

bustion of  the  Ti + C mixture, only titanium melts; 
the  melt exists in a narrow region at the  combustion 
front and is rapidly consumed in the  reaction, form-
ing solid TiC grains  [26]. The expansion of  the  solid 
product leads to  cracking (Figs. 2, h and 3, g). When 
fine metallic binder powder is added, it also melts 
in the  combustion front, but the  melt persists behind 
the  front long enough for impurity gases to  escape 
through fine pores. As a result, no cracking occurs 
(Figs. 2, b–e and 3, b–e). When the binder is added as 
coarse granules, however, they do not have time to melt 
and spread in the combustion zone, so the combustion 
wave propagates mainly through the Ti + C composi-
tion between the  granules, leading to  the  formation 
of cracks (Figs. 2, i–n and 3, i–m). 

The dependence of  the  microstructure and crys-
tal structure of  the  SHS products on the  particle size 
of the diluent is also related to the melting and spread-
ing behavior of  the  metallic components. In cermet 
systems, the  TiC grain size is determined by rapid 
growth behind the combustion wave, i.e., in the secon

Fig. 8. Microstructures of cermets produced by SHS from reactive mixtures (60 % TiC + 40 % CoCrNi)  
with fine (а–e) and coarse (f–j) CoCrNi binder powder

a, b, d, f, g, i – secondary electron images; c, e, h, j – backscattered electron images with atomic number contrast 

Рис. 8. Микроструктуры керметов, полученных методом СВС из реакционных составов (60 % TiC + 40 % CoCrNi)  
с мелким (а–e) и крупным (f–j) порошком связки

a, b, d, f, g, i – изображения во вторичных электронах, c, e, h, j – в обратнорассеянных электронах с контрастом по атомному номеру 
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dary structure-formation zone  [27–29]. In the  undi-
luted Ti + C system, TiC grains grow faster than in 
Ti + C + metal-binder systems, since carbon diffusion 
in liquid Ti is faster than in Ti–Ni or similar melts 
(see, e.g.,  [27], Fig. 2.20, p. 80). Because the  melt-
ing of  coarse binder granules proceeds slowly, some 
regions between them allow the  Ti + C composition 
to  react and form relatively coarse TiC grains before 
the  CoCrNi melt penetrates these regions. These 
coarse-grained areas are visible in the  microstructure 
of  the products synthesized from mixtures containing 
coarse binder granules (Figs. 8, e–k). 

The TiC grains formed in these regions interact 
weakly with the binder; therefore, the lattice parameter 
of  TiC remains nearly constant (4.3276 ± 0.0008 Å) 
when up to  30–40 % of  coarse binder granules are 
added, being close to  that of TiC synthesized without 
binder. When the binder is introduced as fine particles 
that melt directly in the  reaction zone, the nucleation 
and growth of carbide grains occur in the Ti–Co–Cr–Ni 
molten bath. This results not only in a finer micro-
structure (Figs. 8, a–d) but also in the  formation 
of  a  (Ti,Cr)C solid solution with a modified lattice 
parameter (Fig. 7, a). In addition, part of  the  car-
bon may react with chromium (see traces of Cr3C2 in 
Fig. 6, a), which decreases the carbon concentration in 
the main carbide phase and correspondingly reduces its 
lattice parameter.

Conclusion Conclusion 
The combustion and microstructure-forma-

tion behavior of  (100 – x)TiC + xCoCrNi cermets 
(x = 0–60 %) synthesized by the self-propagating high-
temperature synthesis method were investigated for 
the first time. It was demonstrated that the particle size 
of the CoCrNi binder strongly affects both the combus-
tion process and the  resulting structure. When coarse 
granules (~1.5 mm) were used, the  combustion velo
city was higher due to  the  “slip” of  the  combustion 
wave between the  granules, and the  ceramic grains 
were larger as a result of faster growth behind the com-
bustion front. 

The use of  fine powder (~0.2–0.5 mm) produced 
SHS products with a more uniform macrostruc-
ture free of  large cracks and chips, and with a finer 
microstructure. Interaction between the  binder and 
the  ceramic TiC phase formed in the  SHS wave was 
observed. The  experimentally observed regularities 
were explained in terms of the thermal micro-inhomo-
geneity of  the  reacting medium. The results obtained 
can be used to  control the  microstructure and phase 
composition of  multicomponent cermets synthesized 
by the SHS method.
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