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Abstract. TiC–Cu ceramic–metal composites (cermets) have been extensively discussed in recent literature in terms of their properties 

and structure. However, in most cases the formation conditions considered involve the introduction of TiC particles into an over-
heated Cu melt. In the present work, samples were synthesized in air without crucible reactors by combining a thermite reaction 
to produce a copper melt for subsequent infiltration of a porous Ti + C powder charge and initiation of its combustion by self-
propagating high-temperature synthesis (SHS) of titanium carbide. As a result, TiC–Cu cermets were formed. The effect of Cu addi-
tion to the Ti + C SHS charge and of compaction pressure on the completeness of infiltration by the copper melt generated during 
combustion of the copper thermite mixture is analyzed. The influence of these factors on the structure of the synthesized cermets 
is also examined. TiC–Cu cermets were synthesized with 5, 10, and 15 wt. % Cu added to SHS charges compacted at 22, 34, 45, 
56, and 69 MPa. The completeness of infiltration was evaluated from the appearance of polished sections, microstructure, and 
phase composition. Optimal conditions were identified that provide composites with maximum density, minimal structural defects, 
the desired phase composition, and enhanced mechanical properties. The microstructure, composition, and physico-mechanical 
properties (density, Brinell hardness, compressive strength) of the new composites were investigated. It was established that the 
highest infiltration completeness and density of TiC–Cu samples are achieved at 10 wt. % Cu addition to  the SHS charge and 
a compaction pressure of 45 MPa, while increasing Cu content in the charge leads to higher mechanical properties (hardness and 
compressive strength). 
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Аннотация. В литературных источниках последних лет достаточно широко рассмотрены свойства и структура керамико-

металлических композитов (керметов) системы TiC–Cu. Однако условия их образования в большинстве своем затра-
гивают случаи введения частиц TiC в перегретый расплав Cu. В данной работе образцы синтезировались на открытом 
воздухе без применения тиглей-реакторов путем сочетания термитной реакции для получения расплава меди, последу-
ющей инфильтрации пористой порошковой шихты Ti + C расплавом и инициации ее горения самораспространяющимся 
высокотемпературным синтезом (СВС) карбида титана. В результате образовывался кермет состава TiC–Cu. Представлен 
анализ влияния добавки меди в СВС-шихту Ti + C и давления ее прессования на полноту пропитки медным расплавом, 
полученным в результате горения медной термитной смеси. Также рассмотрено влияние вышеизложенных факторов на 
структуру синтезируемого кермета. Проведены исследования по синтезу керметов TiC–Cu при введении 5, 10, 15 мас. % Cu 
в СВС-шихты, спрессованные под давлением 22, 34, 45, 56, 69 МПа. Полнота инфильтрации определялась по внешнему 
виду шлифа сечения кермета, микроструктуре и составу. Определены оптимальные условия, при которых получаются 
композиты с наибольшей плотностью, наименьшим количеством дефектов структуры, заданным фазовым составом 
и  высокими механическими характеристиками. Исследованы микроструктура, состав и физико-механические свойства 
(плотность, твердость по Бринеллю, прочность при сжатии) новых композитов. Установлено, что наибольшие полнота 
пропитки и плотность полученных образцов TiC–Cu достигаются при добавке меди в СВС-шихту в количестве 10 мас. % 
и давлении прессования СВС-шихты 45 МПа. Показано, что с увеличением доли меди в шихте возрастают значения меха-
нических свойств (твердость, предел прочности на сжатие).  

Ключевые слова: самораспространяющийся высокотемпературный синтез, СВС-металлотермия, медь, карбид титана, 
инфильтрация
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IntroductionIntroduction
Copper and copper-based alloys are widely used 

as structural materials in mechanical engineering due 
to  their high electrical and thermal conductivity and 
chemical stability. However, these materials exhibit 
relatively low strength and wear resistance. Improving 
their mechanical and tribological properties remains 
an important task aimed at  expanding the  application 
range of  copper and its alloys, increasing efficiency 
of  use, and enhancing service life and operational 
reliability. Metal-matrix composites are actively being 
developed, in which a copper matrix is typically rein-
forced with hard and stiff particles of ceramics, inter-
metallics, carbon nanotubes, and similar phases [1–3]. 
To impart self-lubricating properties, the most common 
hardening phases include SiC  [4], TiC  [5], AlN  [6], 

Al2O3 [7], TiB2 [8], WC [9], as well as graphite [10], 
carbon nanotubes  [11], and MoS2  [12]. Titanium car-
bide is an attractive reinforcement for metallic matri-
ces because it possesses a high elastic modulus, high 
hardness, a high melting point, and moderate electrical 
conductivity [13]. In addition, TiC exhibits virtually no 
interaction with copper; therefore, its incorporation into 
a copper matrix does not adversely affect the physical 
or electrical properties of TiC–Cu composites [14].

For producing TiC–Cu composites, powder metal-
lurgy offers several established routes, including con-
ventional sintering, microwave sintering, spark plasma 
sintering (SPS), and hot pressing. Minimizing residual 
porosity in such composites requires applying high 
pressure and temperature to achieve sufficient densifi-
cation of the initial powder materials. The physical and 
mechanical properties of TiC–Cu composites are also 
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governed by the adhesion at  the metal–ceramic inter-
face, which is controlled by the wetting of TiC particles 
by molten copper. The wetting angle in the TiC–Cu sys-
tem depends on both temperature and contact time: for 
example, at 1200 °C it decreases from 130 to 90° within 
25 min  [15]. Lower temperatures increase the  wet-
ting angle. Furthermore, oxidation of  TiC surfaces 
decreases their wettability by molten copper because 
it inhibits the partial dissolution reactions of  titanium 
carbide in copper that facilitate wetting [16]. 

The high temperatures and pressures required 
to  fabricate TiC–Cu composites significantly compli-
cate manufacturing and increase energy consumption, 
which affects their cost. In this regard, the  method 
of  self-propagating high-temperature synthesis (SHS) 
represents a promising basis for future energy-effi-
cient fabrication technologies for TiC–Cu compo
sites. SHS enables the  synthesis of  various ceramic 
compounds through a highly exothermic reaction that 
does not require external heating, proceeds in a self-
sustaining regime, and can raise product temperatures 
to 2500–3000 °C [17]. For example, STIM-type alloys 
(synthetic hard tool materials) are produced by adding 
up to 40–50 vol. % of a metallic binder (copper, nickel, 
etc.) to an initial Ti + C powder mixture. After initiating 
the SHS reaction Ti + C → TiC, the binder metal melts, 
and pressure up to 180 MPa is applied. The resulting 
TiC–Cu composites can achieve a relative density 
of 99 % [18]. Further development of this method has 
led to  the  fabrication of  TiC–TixCuy–Cu composites 
containing 48–68 %1 TiC, 32–48 % TixCuy intermetal-
lics, and up to 2.5 % free copper, exhibiting high abra-
sive resistance at hardness levels of 50–52 HRC [19].

A recently developed approach eliminates the need 
for external pressing equipment: SHS is used to  pro-
duce porous TiC (or TiC mixed with the MAX-phase 
Ti3SiC2–TiC), followed by spontaneous infiltration 
with molten metal (Al, Sn, Cu) without applying 
external pressure [20–22]. However, when using cop-
per melt generated solely by the heat of  the SHS TiC 
reaction from the initial Cu powder, it was found that 
the  available amount of  molten copper was insuffi-
cient to fill the entire pore volume of the TiC preform. 
At  the same time, preparing copper melt in a furnace 
at  1100 °C  – i.e., using an external heat source  – 
does not provide adequate wetting of TiC at this tem-
perature, preventing spontaneous infiltration of  mol-
ten copper into the TiC framework. The present work 
addresses this issue by employing a higher-temperature 
copper melt generated via the aluminothermic reaction 
3CuO + 2Al → Al2O3 + 3Cu, which can heat the cop-
per above its boiling point [23]. 

SHS can also proceed concurrently with a metal-
lothermic reaction within a single highly exothermic 
reactive system used to synthesize ceramic–metal com-
posite materials [24; 25]. In [26], TiC–Fe powders were 
produced via coupled reactions in Fe2O3 + 2Al and 
Ti + C mixtures in an energy-saving and technologi-
cally simple mode. However, the product of the com-
bined SHS and aluminothermic reaction was a highly 
porous Fe(Al)–Fe3Al–Al2O3–TiC or TiC–Fe cermet 
that could be easily crushed into powder. To explore 
the possibility of producing a dense (or low-porosity) 
cermet, it is promising to separate the aluminothermic 
and SHS reactions into two independent reactive sys-
tems that generate a metal melt and a porous ceramic 
body (preform) separately. These can then be combined 
into a monolithic cermet through capillary wetting 
at the elevated temperature achieved during the alumi-
nothermic and SHS processes. 

Earlier [27], we developed a special graphite refrac-
tory reactor consisting of  two cylindrical crucible-
reactors positioned vertically. The working volume 
of the upper reactor serves for the aluminothermic reac-
tion that produces the copper melt. The lower crucible 
holds the  SHS Ti + C charge that forms the  porous 
TiC ceramic preform. The two reaction chambers are 
separated by a graphite plate with an opening through 
which the  thermite melt can flow into the  lower cru-
cible. To ensure phase separation between the molten 
copper and alumina produced during aluminothermy, 
the  opening is covered by a copper or steel washer 
that delays the outflow of the thermite melt for several 
seconds. 

In [28], it was demonstrated that SHS and alumino-
thermy can be combined without a special two-crucible 
setup by conducting the synthesis on an open sand sub-
strate, where a compacted SHS briquette is simply sur-
rounded by a copper-thermite mixture. TiC–Cu cermets 
were obtained in this manner, and it was shown that 
the compaction pressure of the SHS charge and the addi-
tion of  5 % copper significantly influence the  phase 
composition of the materials, which – besides the main 
phases  – may contain TixCuy intermetallics and free 
graphite. Proper optimization of the SHS charge com-
position and compaction pressure can ensure uniform 
TiC–Cu composites with minimized residual porosity 
and, consequently, enhanced physical and mechanical 
properties.

The objective of this study was to examine the effect 
of SHS charge compaction and Cu additions in the SHS 
mixture on the  structure and mechanical properties 
of TiC–Cu composites produced by combining alumi-
nothermy and SHS in air without refractory crucible 
reactors.1 Unless otherwise specified, all compositions are given in wt. %.
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Materials and methodsMaterials and methods
Titanium carbide porous preforms were synthe-

sized using titanium powder grade TPP-7 (d ≤ 300 μm, 
purity 99 %) and carbon in the  form of  P701 car-
bon black (d = 13–70 nm, purity 99 %) to  prepare 
a  15 g SHS Ti + C charge. Copper powder PMS-A 
(d = 100 μm, 99.5 %) was added in amounts of  0, 
0.75, 1.5, and 2.25 g to reduce the combustion rate and 
obtain a  more homogeneous TiC preform. A copper 
thermite mixture (TU 1793-002-12719185-2009), 40 g 
in total, served both as the SHS ignition source and as 
the primary source of molten copper. The mixed SHS 
charge with copper addition was uniaxially compacted 
using a manual press in a steel die of 23 mm diameter. 
The minimum compaction pressure was 22 MPa, which 
provided sufficient strength for handling and preser
ving the shape of the compact during combustion.

The samples were synthesized by combining alu-
minothermy and SHS in air without using refractory 
crucible reactors. Under these conditions, both the alu-
minothermic reaction 3CuO + 2Al → Al2O3 + 3Cu, 
with phase separation of  the  oxide and copper melts 
followed by release of  the  latter after melting a thin 
steel washer  [27; 28], and the  SHS process produc-
ing the porous TiC preform, occurred simultaneously. 
The overall experimental layout is shown in Fig. 1. 

The compacted cylindrical SHS briquette was 
placed into a cavity formed in a sand substrate and 
uniformly covered with the  copper thermite mixture. 
An  electrical heating coil initiated the  thermite reac-
tion, whose thermal impulse triggered the  SHS reac-
tion. During combustion of the copper thermite mixture 
and formation of  the  copper melt, a sufficiently high 
temperature was reached to initiate SHS of the porous 
TiC preform, which was instantaneously infiltrated by 
the  incoming molten copper through capillary action. 
As a result of  synthesis and spontaneous infiltration, 
dense TiC–Cu cermet bodies were obtained.

The completeness of preform infiltration was pre-
liminarily assessed by visual examination of  poli
shed sample surfaces (macrosections) and by den-
sity measurements using the  Archimedes method. 
Microstructural analysis of  the  synthesized samples 
was performed using a JSM-7001F scanning elect
ron microscope (Jeol, Japan). The phase composi-
tion of  the  synthesis products was determined by 
X-ray diffraction (XRD). Diffraction patterns were 
recorded on an automated ARL X’trA diffractometer 
(Thermo Scientific, Switzerland) using CuKα radiation 
in continuous scan mode over 2θ = 20–80° at 2°/min. 
The diffraction data were processed using the WinXRD 
software package. Hardness was measured accor
ding to the Brinell method using a 5 mm ball indenter 

at a load of 98 N in accordance with GOST 9012-59. 
Compression tests were carried out following 
GOST 25.503-97 on cylindrical samples with a dia
meter of 20.1 ± 0.1 mm and a height of 19.4 ± 0.8 mm 
using a Bluehill 3 testing machine (Instron, USA) 
at a cross-head speed of 1 mm/min. 

Results and discussionResults and discussion
Fig. 2 shows macro-images of  polished sections 

of  the  synthesized TiC–Cu cermet samples produced 
from the  Ti + C SHS charge without Cu addition 
at  different compaction pressures (P). Regardless 
of  the applied pressure, the  resulting samples contain 
numerous unfilled pores, pronounced delamination, 
and even cracking. At P = 69 MPa, the  composite 
underwent complete destruction during synthesis.

Figs. 3–5 macro-images of  polished sections of 
TiC–Cu cermet samples synthesized from SHS charges 
containing Cu at different compaction pressures.

Analysis of Fig. 3 shows that even a relatively small 
amount of  copper (0.75 g) in the  charge markedly 
affects the macrostructure of the resulting composites. 
The 5 % Cu addition significantly improves the  infilt
ration completeness of  the  thermite copper melt into 
the  synthesized TiC preform. As the  compaction 
pressure increases, the  defect morphology changes: 
at P = 22 MPa, the composite contains a considerable 
fraction of open pores, whereas higher pressures lead 
to  progressively more complete infiltration across 
the sample cross-section. However, the nature of defects 
shifts from pore-dominated to crack-dominated. 

When the Cu addition is increased to 10 %, all samp
les become infiltrated and exhibit only residual poro
sity (Fig. 4). At lower compaction pressures, infiltra
tion remains incomplete (Fig. 4, a, b). Numerous small 

Fig. 1. Schematic representation of the combined aluminothermic 
reaction and SHS process used to produce ceramic–metal 

composite materials 

Рис. 1. Схема сочетания реакции металлотермии и СВС  
для получения керамико-металлических композитов
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pores and cracks are observed along the  periphery 
of  the  samples. It is worth noting that at P = 45 MPa 
the samples show the lowest defect density among all 
conditions studied in this work, and infiltration occurs 
throughout the  entire TiC preform volume. Further 
increases in compaction pressure lead to  composite 
delamination and crack formation. 

 The samples with 15 % Cu exhibit an increased 
defect density in their macro-structure, accompanied 

by a change in defect morphology. In the micrographs 
shown in Fig. 5, individual isolated pores are almost 
completely absent; instead, the  defects appear predo
minantly as clusters of fine pores arranged in crack-like 
formations.

The masses of  the  synthesized cermet samples 
obtained under different synthesis conditions  – Cu 
addition to  the  SHS charge and compaction pres-
sure – are listed in Table 1 and presented graphically in 

Fig. 2. Macro-images of polished sections of synthesized TiC–Cu cermet samples  
produced from the Ti + C SHS charge without Cu addition at different compaction pressures

Р, MPa: 22 (a), 34 (b), 45 (c), 56 (d) 

Рис. 2. Фотографии шлифов синтезированных образцов керметов TiC–Cu из СВС-шихты  
без добавки меди Ti + C при различных давлениях ее прессования 

Р, МПа: 22 (a), 34 (b), 45 (c), 56 (d)

Fig. 3. Macro-images of polished sections of synthesized TiC–Cu cermet samples  
produced from the SHS charge with 5 % Cu addition at different compaction pressures

Р, MPa: 22 (a), 34 (b), 45 (c), 56 (d), 69 (e) 

Рис. 3. Фотографии шлифов синтезированных образцов керметов TiC–Cu из СВС-шихты  
с 5 %-ной добавкой меди при различных давлениях ее прессования

Р, МПа: 22 (a), 34 (b), 45 (c), 56 (d), 69 (e)

Fig. 4. Macro-images of polished sections of synthesized TiC–Cu cermet samples  
produced from the SHS charge with 10 % Cu addition at different compaction pressures

Р, MPa: 22 (a), 34 (b), 45 (c), 56 (d), 69 (e) 

Рис. 4. Фотографии шлифов синтезированных образцов керметов TiC–Cu из СВС-шихты  
с 10 %-ной добавкой меди при различных давлениях ее прессования

Р, МПа: 22 (a), 34 (b), 45 (c), 56 (d), 69 (e)
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Fig. 6. These data show that at P = 45 MPa all samp
les demonstrate a distinct mass maximum, indicating 
the  most complete infiltration, particularly for SHS 
charges containing 5 and 10 % Cu. 

To evaluate the completeness of infiltration, the den-
sity of the synthesized cermets was calculated as

ρ = m/V,

where m is the mass and V is the volume of the body. 
The obtained results are presented in Table 2 and in 
graphical form in Fig. 7. The data show that the den-

Fig. 5. Macro-images of polished sections of synthesized TiC–Cu cermet samples  
produced from the SHS charge with 15 % Cu addition at different compaction pressures

Р, MPa: 22 (a), 34 (b), 45 (c), 56 (d), 69 (e) 

Рис. 5. Фотографии шлифов синтезированных образцов керметов TiC–Cu из СВС-шихты  
с 15 %-ной добавкой меди при различных давлениях ее прессования

Р, МПа: 22 (a), 34 (b), 45 (c), 56 (d), 69 (e)

Table 1. Dependence of cermet sample mass (g)  
on synthesis conditions 

Таблица 1. Зависимость массы (г) образцов кермета  
от условий синтеза

Cu addition, 
wt. %

Compaction pressure, MPa
22 34 45 56 69

0 15.6 18.2 26.4 21.6 22.7
5 27.4 30.65 31.7 30.9 27.4
10 22.0 29.2 31.6 27.6 27.9
15 26.8 31.0 28.5 31.3 28.4

Table 2. Density (ρ, g/cm3) of the synthesized cermet 
samples as a function of Cu addition  

to the SHS charge and compaction pressure

Таблица 2. Плотность полученных образцов  
керметов (ρ, г/см3) в зависимости от условий синтеза – 
добавки меди в СВС-шихту и давления прессования

Cu addition, 
wt. %

Compaction pressure, MPa
22 34 45 56 69

0 3.13 2.51 3.24 2.65 0
5 3.78 3.38 3.89 3.79 3.78
10 3.47 3.90 5.07 3.59 3.62
15 3.48 3.61 3.70 4.61 5.01

Fig. 6. Dependence of the mass of synthesized TiC–Cu cermet 
samples on the compaction pressure of the SHS charge  

with different Cu additions
1 – 0, 2 – 5 %, 3 – 10 %, 4 – 15 %

Рис. 6. Зависимость массы синтезированных образцов 
керметов от давления прессования СВС-шихты  

с различным количеством добавки меди
1 – 0, 2 – 5 %, 3 – 10 %, 4 – 15 %

Fig. 7. Dependence of the density of synthesized TiC–Cu cermet 
samples on the compaction pressure of the SHS charge  

with different Cu additions
1 – 0, 2 – 5 %, 3 – 10 %, 4 – 15 %

Рис. 7. Зависимость плотности синтезированных образцов 
керметов TiC–Cu от давления прессования СВС-шихты  

с различным количеством добавки меди
1 – 0, 2 – 5 %, 3 – 10 %, 4 – 15 %
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sity increases with increasing Cu content in the  SHS 
charge. In addition, a distinct peak of maximum denity 
is observed at 45 MPa for the 10 % Cu addition. 

To analyze the  phase composition of  the  obtained 
TiC–Cu composites, X-ray diffraction (XRD) was 
performed. The corresponding diffraction patterns are 

shown in Figs. 8–10. All TiC–Cu samples produced 
from SHS charges without Cu addition contain a sig-
nificant fraction of  Ti–Cu intermetallic compounds, 
and all diffraction patterns exhibit shifts of Cu peaks, 
which may indicate stable incorporation of  a small 
amount of Ti in the copper matrix (Fig. 8).

Fig. 8. Diffraction patterns of synthesized TiC–Cu cermet samples obtained from the SHS charge  
without Cu addition at different compaction pressures

Р, MPa: 22 (a), 34 (b), 45 (c), 56 (d) 

Рис. 8. Дифрактограммы синтезированных образцов керметов TiC–Cu из СВС-шихты  
без добавки меди при различных давлениях ее прессования

Р, МПа: 22 (a), 34 (b), 45 (c), 56 (d)
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Fig. 9. Diffraction patterns of synthesized cermet samples obtained from the SHS charge with 5 % Cu addition  
at different compaction pressures

Р, MPa: 22 (a), 34 (b), 45 (c), 56 (d), 69 (e) 

Рис. 9. Дифрактограммы синтезированных образцов керметов с 5 %-ной добавкой меди
Р, МПа: 22 (a), 34 (b), 45 (c), 56 (d), 69 (e)
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Fig. 10. Diffraction patterns of synthesized cermet samples obtained from the SHS charge  
with 10 % Cu addition at different compaction pressures

Р, MPa: 22 (a), 34 (b), 45 (c), 56 (d), 69 (e) 

Рис. 10. Дифрактограммы синтезированных образцов керметов с 10 %-ной добавкой меди
Р, МПа: 22 (a), 34 (b), 45 (c), 56 (d), 69 (e)

Известия вузов. Порошковая металлургия и функциональные покрытия. 2025;19(6):52–64 
Каракич Е.А., Умеров Э.Р. и др. Влияние добавки Cu и давления прессования СВС-шихты ...



61

As follows from Fig. 9, the introduction of 5 % Cu 
into the charge eliminates the Ti–Cu intermetallic peaks 
on the  diffraction patterns. However, peaks of  free 
graphite (Gr) appear. Considering that the carbon phase 
(carbon black) in the initial SHS charge corresponded 
to the stoichiometry of TiC, the observed free carbon in 
the form of graphite should lead to non-stoichiometric 
titanium carbide TiCx . The shift of the TiC peaks sup-
ports this interpretation. The graphite peak may also 
indicate graphitization of the amorphous carbon black 
introduced into the  reaction mixture. Partial graphiti
zation of carbon black during SHS of titanium carbide 
was previously reported in SHS–pressing experi-
ments [29], where amorphous carbon transformed into 
graphitic nanofilms. 

It is also important to note that under the conditions 
of intensive thermite combustion in air without the use 
of  a special crucible for the  metallothermic reaction 
(Fig. 1), where gravitational phase separation of liquid 
copper and alumina might not proceed to  comple-
tion, the  presence of  Al2O3 in the  TiC–Cu cermets 
was expected. However, XRD data show that none 
of  the  synthesized cermet samples contain alumina 
contamination. This result can be explained by the fact 
that at  high combustion temperatures the  relatively 
low-viscosity thermite copper melt wets the  ceramic 
TiC preform and infiltrates it, whereas the more vis-
cous Al2O3 melt does not wet the preform sufficiently 
and therefore does not infiltrate  [30]. Thus, in this 
case the phase separation of Cu and Al2O3 produced in 
the thermite reaction is governed by their strong diffe
rences in viscosity and wettability of the TiC preform.

As seen from Fig. 10, with increasing Cu content 
in the charge, the SHS process is still initiated despite 
the expected reduction in exothermicity, leading to TiC 
formation. At the same time, Ti–Cu intermetallic com-
pounds are generated, accompanied by partial graphiti-
zation of the carbon black.

XRD results for samples with 15 % Cu addition are 
not shown because they are identical to those presented 
in Fig. 10.

Based on these observations, it can be concluded 
that in all examined cases the molten copper completely 

infiltrates the  porous SHS-produced TiC preform. 
In  every experiment, stable combustion of  the  SHS 
charge and the  formation of  the  TiC preform were 
observed. The purest samples – those free of interme-
tallic inclusions – were obtained with 5 % Cu addition 
to  the  Ti + C SHS charge at  a compaction pressure 
of 45 MPa. 

To investigate hardness (HB), a TH600 hardness 
tester (Time Group Inc., China) was used. The results, 
based on four measurements for each sample, are pre-
sented in Table 3. The highest hardness values (95 HB) 
were achieved at 5 and 10 % Cu additions with a com-
paction pressure of  34 MPa, whereas at  the  optimal 
pressure of  45 MPa and 15 % Cu addition a compa-
rable value of 88.5 HB was reached.

For compression strength (σc ), samples synthesized 
under optimal conditions (P = 45 MPa) were selected. 
Samples produced without Cu addition were excluded 
because of high residual porosity and structural hete
rogeneity, which significantly reduce strength com-
pared to samples derived from Cu-containing charges. 
The obtained results are summarized in Table 4.

The data clearly show a substantial increase in 
compressive strength with increasing Cu content in 
the  composite. This is associated with the  fact that 
adding 5–15 % Cu to the Ti + C SHS charge promotes 
the  formation of a more homogeneous SHS-produced 
TiC preform and ensures more complete infiltration by 
the thermite copper melt. As a result, structurally more 
uniform TiC–Cu composites with minimal residual 
porosity and significantly higher hardness and comp
ressive strength are obtained.

Table 3. Brinell hardness (HB) of the synthesized TiC–Cu cermet samples 
Таблица 3. Твердость по Бринеллю (HB) полученных образцов керметов

Cu addition, 
wt. %

Compaction pressure, MPa
22 34 45 56 69

0 90.00 ± 12.5 78.75 ± 4.3 22.00 ± 8.6 53.00 ± 9.0 0
5 68.50 ± 16.4 95.75 ± 13.9 75.25 ± 20.9 81.50 ± 15.4 45.25 ± 22.5
10 81.25 ± 12.1 95.00 ± 7.4 31.75 ± 11.0 50.00 ± 19.0 33.00 ± 7.2
15 71.75 ± 6.5 52.00 ± 4.3 88.50 ± 5.1 65.00 ± 25.5 56.25 ± 25.2

Table 4. Compressive strength (σc , MPa)  
of TiC–Cu cermet samples synthesized  

from SHS charges with and without Cu addition 
Таблица 4. Значения прочности при испытании  

на сжатие (σв , МПа) образцов керметов  
из СВС-шихты с добавкой меди

Cu,  
wt. % 0 % 5 % 10 % 15 %

σс , MPa 161.5 ± 9 240 ± 38 264.5 ± 23 390 ± 24

Powder Metallurgy аnd Functional Coatings. 2025;19(6):52–64 
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Conclusions Conclusions 
1. The feasibility of synthesizing TiC–Cu composi

tes by combining aluminothermy to produce a copper 
melt with subsequent SHS initiation to form a porous 
TiC preform in air without the use of crucible reactors 
has been demonstrated.

2. It has been established that the copper melt gene
rated by the  aluminothermic reaction spontaneously 
infiltrates the  still-hot porous SHS-produced TiC pre-
form, in contrast to  alumina, which is also formed 
during aluminothermy but does not infiltrate and 
remains outside the TiC preform. 

3. Microstructural examination of  the  TiC–Cu 
composites showed that the  compaction pressure 
of  the Ti + C SHS charge and the  addition of  copper 
powder significantly affect the completeness of infiltra-
tion by the thermite copper melt. The highest infiltra-
tion completeness and density of the TiC–Cu samples 
(3.89 g/cm3), combined with minimal structural defects, 
are achieved at 10 wt. % Cu addition to the SHS charge 
and a compaction pressure of 45 MPa.

4. The hardness of TiC–Cu composites obtained from 
SHS charges compacted at  45 MPa reaches 88.5 HB 
for a 15 wt. % Cu addition, which is close to the maxi
mum value of  95 HB observed at  P = 34 MPa with 
5–10 wt. % Cu.

5. The compressive strength increases markedly 
with increasing copper content in the  initial SHS 
charge and reaches a maximum value of  414 MPa 
at 15 wt. % Cu and P = 45 MPa.
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