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A B S T R A C T

In this work, in situ bi-phase (TiB2-TiCxNy)/(Ni-Ta) cermets were fabricated via a combined combustion
synthesis and hot-pressing (CSHP) method in a Ni-Ti-BN-B4C-Ta system. The effects of Ta addition on the re-
action process, phase constituents, microstructures and mechanical properties of the (TiB2-TiCxNy)/(Ni-Ta)
cermets were studied. Ta is shown to dilute the system and lead to a small number of intermediate phases
(Ni20Ti3B6 and Ni3Ti) that are retained in the products. Furthermore, the addition of Ta can markedly refine the
ceramic particles and decrease the size and quantity of voids. The evaluation of the mechanical properties
revealed that an increase in the Ta content resulted in increases in the compression strength (σUCS) and hardness
and that the fracture strain (εf) increased first and then decreased. The cermet with the optimal addition of 5 wt
% Ta possessed the best mechanical properties without decreasing the value of εf (2.9%). The addition of 5 wt%
Ta resulted in a compressive strength of 3.37 GPa and the highest hardness of 1909 Hv, which is an increase of
~16% and ~22%, respectively, compared to cermets without added Ta.

1. Introduction

TiCxNy is a solid solution of TiC and TiN that possesses high hard-
ness, strength, oxidation resistance and lower friction than the other
ceramic particles [1–3]. Therefore, TiCxNy has become an important
hard material that is widely used as the base material for cermets.
TiCxNy combined with binders has been successfully used in cutting
tools and wear-resistant materials for use in material processing ap-
plications [4,5]. TiB2 is also used as a constituent in cutting tools, wear
parts and parts operating under high-temperature conditions [6,7].
Compared with TiCxNy, the hardness of TiB2 is higher [8]. Other studies
[9,10] have suggested that TiB2 is a particularly useful constituent in
composite materials and that it increases the strength and fracture
toughness of the matrix. Therefore, researchers have considered that
using bi-phase TiCxNy and TiB2 ceramics as the reinforced phase would
exhibit better performance than adding a single ceramic component
[11–14].

Furthermore, the additions of metal binders, such as Ni, Co, Mo and
Fe, are useful for enhancing the density and fracture toughness of

composites [15–17]. Additionally, low melting metal binders also de-
crease the ignition temperature due to the formation of a low-melting-
point intermetallic or liquid phase through the reverse eutectic reaction
[18,19]. Among these binders, Ni processes good wettability with
TiCxNy and TiB2 particles [20–22], and Ni is commonly used to achieve
high temperature resistance [23,24]. As such, (TiB2-TiCxNy)/Ni cermet
has attracted much attention and many researchers have tried to obtain
low-cost and high-performance (TiB2-TiCxNy)/Ni cermets using various
methods [25,26]. The combined combustion synthesis and hot-pressing
(CSHP) method, which is an effective method for the fabrication of in
situ composites, has advantages of having a low energy requirement
and a one-step forming process [27–29]. Zhan et al. [1,8] successfully
prepared (TiB2-TiCxNy)/Ni cermets using the CSHP method and in-
dicated that Ni could offer an easier mass transfer route for the re-
actants in the Ti-BN-C system.

In recent years, with the development of the exploration industry
and the high-speed and high-efficiency cutting industry, the require-
ment for comprehensive tool material properties has increased.
Therefore, further improving the performance of cermets has become
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the research focus of scholars in this field. Qiu et al. [30] reported that
elemental Al could reduce the ignition temperature of the Ni-Ti-B4C-BN
system during the combustion synthesis (CS) process and could enhance
the mechanical properties of (TiB2-TiCxNy)/Ni cermets. Wang et al.
[21] concluded that the addition of W could reduce TiB2 and TiCxNy

particle sizes and increase the hardness of the cermets. Consequently,
metallic elements with a low melting point and ductility or high a
melting point and hardness added into the Ni-Ti-BN-B4C reaction sys-
tems could affect the reaction process, product and mechanical prop-
erties of (TiB2-TiCxNy)/Ni cermets.

It is well known that the transition metal Ta possesses excellent
ductility, a low coefficient of expansion and a high corrosion resistance,
and it is an important high-melting-point strengthening element in
nickel-based alloys [31]. Ta has been reported to simultaneously
strengthen the matrix and reinforce the phases in nickel-based alloys
[31]. In China, Wu et al. [32] found that the addition of Ta can decrease
the transformation temperatures and change the microstructure of Ni-Ti
alloys. Zhai et al. [33,34] reported that the addition of Ta can decrease

the grain size and the amount of precipitate in low activation marten-
sitic steel ingots. However, research into the effect of Ta on the
synthesis mechanism, microstructures and mechanical properties of in
situ bi-phase ceramic-reinforced cermets is rare. Accordingly, the in-
tensive research performed in the aforementioned works in which Ta
was added is meaningful for cermet development.

Hence, in the present work, Ni-Ti-BN-B4C systems with various Ta
contents were used. Then, the in situ bi-phase (TiB2-TiCxNy)/(Ni-Ta)
cermets were fabricated via CSHP. The effects of the Ta content on the
CS reaction process, phase composition, microstructure and mechanical
properties of the (TiB2-TiCxNy)/(Ni-Ta) cermets were studied. The goal
of this investigation is to further enhance the performance of (TiB2-
TiCxNy)/(Ni-Ta) cermets and to offer guidance for the in situ prepara-
tion of bi-phase cermets to improve the construction of materials with
high heat resistance and wearability.

2. Experimental

The starting (TiB2-TiCxNy)/(δNi-ωTa) cermet (δ+ω=30wt%, and
ω=0, 2, 5 and 8wt%) materials were made from commercial Ni, Ti,
B4C, BN and Ta powders (Beijing Nonferrous Metals Research Institute,
Beijing, China). Detailed information about the starting materials is
shown in Table 1. The composition of the compacts for the reaction and

Table 1
Characteristics of the raw materials used in the experiments.

Raw materials Purity (wt%) Particle size (μm)

Ni 99.5 ~58
Ti 99.0 ~25
B4C 99.0 ~3.5
BN 99.0 ~3
Ta 99.0 ~47

Table 2
Composition of the powder compacts.

Sample Ta contents (wt%) Ni contents (wt%) Ti:B4C:BN (mole ratio)

1 0 30 9:2:2
2 2 28 9:2:2
3 5 25 9:2:2
4 8 22 9:2:2

Fig. 1. Schematic diagram of the fabrication
process. (a) High-energy ball milling of the B4C
powder; (b) high-energy ball milling of the BN
powder; (c) dispersion of the blended powders;
(d) blended powders cold pressed into cylind-
rical compacts; (e) fabrication of (TiB2-
TiCxNy)/(Ni-Ta) by CSHP; and (f) the (TiB2-
TiCxNy)/(Ni-Ta) cermet samples.

Fig. 2. Sampling diagram for XRD, SEM and the compression test.
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the mole ratio of the starting materials are given in Table 2. The
ceramic particle content in the cermets was 70 wt%. The Ti:B4C:BN
molar ratio was 9:2:2, as given in the following equation:

+ + + + → + + +C9Ti 2B 2BN xNi yTa 4Ti(C N ) 5TiB xNi yTa.4 0.5 0.5 2

The detailed fabrication process is shown in Fig. 1. First, the B4C
and BN powders were activated by high-energy ball milling, as shown
in Fig. 1(a) and (b). A zirconia jar and ZrO2 grinding ball were used, and
the weight ratio of ball to powder was 50:1. The rating speed was 200 rpm,
and the rating time was 2 h. Second, the powders corresponding to
70 wt% (TiB2-TiCxNy)/(Ni-Ta) with 0, 2, 5 and 8wt% added Ta were
blended using a planetary ball mill with ZrO2 grinding balls (the ball to

powder mass ratio was 8). The milling was carried out on a roller ball
milling machine at 50 rpm for 24 h, as shown in Fig. 1(c). Third, the
mixtures were cold pressed with a pressure of approximately 75MPa
into a cylindrical compact with height of 20mm and diameter of
30mm, as shown in Fig. 1(d). Fourth, the powder compact was em-
bedded in a graphite mould in a vacuum furnace. The heating rate of
the furnace was ~30 K/min. The reaction temperature of the compact
was measured by W/Re thermocouples, and the signals were recorded
and processed by a data acquisition system with an acquisition speed of
10 point/s. The sample was quickly pressed at a pressure of 50MPa for
60 s when the recorded temperature suddenly increased, as shown in
Fig. 1(e). Finally, the sample was cooled to room temperature inside the
furnace, and the (TiB2-TiCxNy)/Ni cermets with heights of approximately
12 mm and diameters of 30 mm were successfully obtained, as shown in
Fig. 1(f).

The reactant powders were analysed by differential thermal analysis
(DTA, Model TA SDT-Q600, USA) using a heating rate of 40 K/min. The
phase composition of the cermets was identified using X-ray diffraction
analysis (XRD, Model D/Max 2500PC, Rigaku, Tokyo, Japan). The XRD
tests were conducted at a scanning velocity of 4°/min and the scanning
range was 20°~80°. Microstructure analyses of the samples were con-
ducted using scanning electron microscopy (SEM, Model Evo18 Carl
Zeiss, Oberkochen, Germany) equipped with energy dispersive spec-
trometry (EDS). All specimens for microstructure observation, con-
stituent analysis and compression tests were taken along the ring at the
half radius of the fabricated cermets, as shown in Fig. 2. The TiCxNy and
TiB2 particle size measurements were performed using Nano Measurer
software.

The cylindrical compression specimens with a diameter of 3mm and
a height of 6mm were cut from the fabricated cermets by electro-dis-
charge machining, and the loading surface was polished parallel to the

Fig. 3. X-ray diffraction patterns for the (TiB2-TiCxNy)/(Ni-Ta) cermets with different Ta contents: (a) 0, (b) 2, (c) 5, and (d) 8 wt%.

Fig. 4. Variations in the maximum reaction temperature in the Ni-Ti-BN-B4C
system with different Ta contents.
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other surface. The compression tests were conducted three times for
each sample using a servo-hydraulic material testing system (MTS, MTS
810, US) at a strain rate of 1×10−4 s−1. The micro-hardness tests were
conducted 10 times for each sample on a Vickers hardness tester (Model
1600-5122VD, USA), according to standard ASTM E10–14.

3. Results and discussion

3.1. Ta effect on the phase constituents and microstructures

Fig. 3 shows the XRD patterns of the cermets with 0, 2, 5 and 8wt%
Ta added. As seen in Fig. 3(a), without the Ta addition, only the TiB2,
TiCxNy and Ni phases could be detected in the (TiB2-TiCxNy)/Ni cermet.
As shown in Fig. 3(b), when 2wt% Ta was added to the Ni-Ti-BN-B4C
system, a small amount of the Ni20Ti3B6 phase was detected in the
(TiB2-TiCxNy)/(Ni-Ta) cermet. When increasing the Ta content from
2wt% to 5 or 8 wt%, in addition to Ni20Ti3B6, some Ni3Ti was also
detected, as shown in Fig. 3(c) and (d). Nonetheless, no metallic Ta or
Ta compounds were detected in any samples. However, as shown in
Fig. 3(e), with the Ta addition, the peak position of the Ni (111) plane

shifted to lower 2θ values, indicating an increase in the interplanar
spacing of the Ni (111). By referring to the binary phase diagram of Ni-
Ta, it is inferred that the increase in interplanar spacing of Ni was
caused by the Ta solid solution in the Ni binder. Since the atomic radius
of Ta (0.143 nm) is larger than that of Ni (0.125 nm), the Ta solid so-
lution in Ni leads to a lattice expansion during the process of non-
equilibrium solidification. Furthermore, with the addition of Ta, the
peak positions of the TiCxNy (200) and the TiB2 (110) planes shift to a
lower 2θ. By referring to the binary phase diagram of Ti-Ta, an increase
in the interplanar spacing of the TiCxNy and the TiB2 is inferred to be
caused by the solid solution of Ta in the Ti lattice, leading to a lattice
expansion of the ceramic particles. Based on these results, it is believed
that Ta exists in two forms: one form underwent solid solution sub-
stitution after diffusing into the binder Ni, and the other form replaced
the Ti position in the ceramic particles (TiCxNy and TiB2). In addition,
Ta results in the formation of an intermediate phase in the product, and
this formation demonstrates the incomplete reaction in the Ni-Ti-BN-
B4C-Ta system with Ta participation. This phenomenon may have two
causes. First, the addition of Ta lowers the reaction temperature of the
system, as shown in Fig. 4. The maximum combustion temperature of

Fig. 5. Microstructures and size distribution of the ceramic particles of the (TiB2-TiCxNy)/(Ni-Ta) cermets with different Ta additions.
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Fig. 6. EDS analysis of the (TiB2-TiCxNy)/(Ni-Ta) cermets with different Ta additions.
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the system was significantly reduced from 2586 K to 2273 K when the
Ta content increased from 0 to 8 wt%. Second, the Ti replacement by Ta
results in excess Ti.

Fig. 5 shows the SEM images and size distribution of the ceramic
particles for the (TiB2-TiCxNy)/(Ni-Ta) cermets with different Ta addi-
tions. As shown in Fig. 5, two types of ceramic particles with different
shapes could be distinguished from the microstructures. The TiCxNy

particles were nearly spherical in shape, and the TiB2 particles were
rectangular in shape. Both the TiCxNy and TiB2 particles have a uniform
distribution in the sample. From the EDS analysis of the (TiB2-TiCxNy)/
(Ni-Ta) cermets with different Ta contents (Fig. 6), all elements are
uniformly distributed without segregation, which again indicates that
the Ta exists in both the Ni and ceramic particles. Furthermore, Ta does
not cause the aggregation of other elements.

However, when the content of Ta in the samples increases from 0 to
8 wt%, the particle sizes are 1.85, 1.35, 1.11 and 0.62 µm, and the
percentages of sub-micron ceramic particles are 0%, 8%, 29% and
100%, respectively. This result means that increasing the Ta content
causes the particle size to apparently decrease, and the percentage of
sub-micron ceramic particles continuously increases (as shown in
Fig. 7). Finally, all ceramic particles are less than one micron in size
with the addition of 8 wt% Ta. These results indicate that Ta can sig-
nificantly refine the particle size, which might be due to the decrease in
the reaction temperature. In addition, the size and quantity of voids in
these cermets are reduced with an increase in the Ta content (Fig. 5).
When the Ta content increases to 8 wt%, the cermets have no appre-
ciable porosity. Ta is expected to improve the wetting between ceramic

particles and Ni [35]. Thus, the binder Ni is more likely to fill the
smaller voids in the cermets with Ta addition. This result signifies that
the interfacial bonding performance between the ceramic particles and
Ni is improved with the addition of Ta. According to some reports
[36–38], refinement of the reinforcement particles and a decrease in
voids are advantageous for enhancing the mechanical properties of
composites. To further confirm these results, analyses of the reaction
process and the mechanical properties of (TiB2-TiCxNy)/(Ni-Ta) cermets
were conducted.

3.2. Ta effect on the reaction mechanism of the Ni-Ti-BN-B4C system

Fig. 8 shows the DTA results of the Ni-Ti-BN-B4C with and without
Ta addition under a flowing argon atmosphere. In the Ni-Ti-BN-B4C
system, there is a gentle endothermic stage before 1330 K; then, an
exothermic peak appears at approximately 1342 K followed by two
exothermic peaks at 1403 K and 1447 K. According to some reports
[7,8,30,39], a schematic drawing of the reaction is shown in Fig. 9(a),
which is an inference of the reaction process. First, before 1323 K, the
sluggish solid state diffusion proceeded for Ni, B4C, Ti and BN, and the
NixBy, TiNx and TiB phases were primarily developed in this stage.
Subsequently, Ni reacted with the resultant TiNx to form NixTi. Then,
Ni-B and Ni-Ti liquids formed between NixBy and NixTi with a further
increase in the temperature. The liquids then diffused to the interspace
of the unreacted reactant particles, accelerating the reaction and the
facilitating dissolution of B, N and C atoms in the liquids. Second, when
the Ni-Ti-B-C-N liquid phase formed, some TiCxNy could first be gen-
erated during the reaction among [Ti], [C] and [N] ([M] indicates the
atoms in this work), causing a remarkable increase in the temperature,
consequently igniting the combustion reaction. At this moment, the first
intense exothermic peak arises. Third, the increasing temperature fur-
ther promotes the subsequent dissolution of C, B and N atoms in the Ni-
B and Ni-Ti liquids, leading to the formation of Ni-Ti-B-N-C liquid.
Subsequently, the TiCxNy particles constantly form until the reaction is
complete. Furthermore, the formation of TiB2 commences during the
reaction between [Ti] and [B]. At this time, the second moderate exo-
thermic peak arises. Fourth, as the temperature continues to rise, the
precipitation of many TiB2 particles occurs, and the third exothermic
peak arises. When the Ti, B, N and C atoms in the liquid are almost
exhausted, the reaction finishes.

The reaction process of the Ni-Ti-BN-B4C system was clearly de-
monstrated. However, the reaction process after Ta was added to this
system has never been investigated. In the Ni-Ti-BN-B4C-Ta system,
these exothermic peaks shift to a higher temperature through the ad-
dition of Ta implying that the CS reaction is delayed. A schematic
drawing of the reaction when Ta participates is shown in Fig. 9(b).
Since there is a total of 30 wt% Ni and Ta in the Ni-Ti-BN-B4C-Ta
system, the Ni content decreases as the Ta content increases. Hence, the
addition of Ta can reduce the Ni atom concentration, which indicates
that Ta serves as a diluter in the system and delays the CS reaction
progress. In addition, the melting point of Ta is approximately 3269 K,
and Ta diffuses into the lattice of Ni and Ti during the heating process;
thus, Ta continuously absorbs heat from the system during the CS re-
action. As a result, the maximum combustion temperature of the system
decreases with an increase in the Ta content (as shown in Fig. 4), and
this result ultimately leads the incomplete reaction of the Ni-Ti-BN-B4C-
Ta system. Finally, the ceramic particle size is reduced, and a small
number of intermediate phases is retained in the product.

3.3. Ta effect on the mechanical properties of the (TiB2-TiCxNy)/(Ni-Ta)
cermets

Fig. 10 shows the uniaxial compression curves of the (TiB2-TiCxNy)/
(Ni-Ta) cermets with different Ta additions. Clearly, all samples do not
exhibit large plasticity. The values of the compression strength (σUCS),
fracture strain (εf) and hardness for these cermets are summarized in

Fig. 7. Variations in the percent of submicron particles and their average size in
the ceramic particles of the (TiB2-TiCxNy)/(Ni-Ta) cermets with different Ta
additions.

Fig. 8. DTA curves of the Ni-Ti-BN-B4C system with and without Ta addition.
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Table 3, and their variations with different Ta contents are shown in
Fig. 11. When the Ta content increases from 0 to 8 wt%, σUCS increases
from 2.91 GPa to 3.40 GPa. When the Ta content increases from 0 to
5 wt%, σUCS shows remarkable strengthening, whereas the improve-
ment of σUCS is limited when the Ta content increases from 5wt% to
8wt%. The mechanical properties of (TiB2-TiCxNy)/(Ni-Ta) cermets
depend on the ceramic particles and their interfacial bonding perfor-
mance [40]. There are three factors contributing to the value of σUCS.
First, a small addition of Ta results in a significant refinement of the
TiCxNy and TiB2. Lankford et al. [41] and Staehler et al. [42] demon-
strated that the compression strength of composites is highly sensitive
to the particle size of the ceramic material. When the cermets have a
smaller particle size, the number of particle boundaries per unit volume
of the material increases. As a result, the crack-propagation resistance
increases. Second, Ta can diffuse into the binder Ni lattice in the form of

a substitution solid solution at high temperatures, which causes lattice
distortion and increases the strength of the cermets. Third, the addition
of Ta can markedly reduce the size and quantity of voids, which im-
proves the interfacial bonding performance between ceramic particles.
However, when the Ta content increases to 8 wt%, the degree of in-
complete reaction in the Ni-Ti-BN-B4C-Ta system increases. The in-
crease in the intermediate phases causes a decrease in both the ceramic
particles (TiCxNy and TiB2) and the binder Ni to some extent, which is
disadvantageous for the strength of the cermets. Therefore, the in-
creasing trend in σUCS is weakened when the Ta content reaches 8 wt%.
As seen from Fig. 11, when the content of Ta increases from 0wt% to
2wt%, the εf increases from 2.9% to 3.3%. The εf improvement may be
mainly due to the refinement of the TiCxNy and TiB2 particles with the
addition of 2 wt% Ta. Nevertheless, εf decreases rapidly to 2.5% when
the Ta content increases to 8 wt% because decrease of Ni, the

Fig. 9. Schematic diagram of the CS reaction process in the Ni-Ti-BN-B4C and Ni-Ti-BN-B4C-Ta systems.

H.-Y. Yang et al. Ceramics International 45 (2019) 4408–4417

4414



dissolution of Ta in Ni and the presence of intermediate phases are
detrimental to the εf of the cermets. As shown in Fig. 11, the hardness of
the cermets first increases significantly and then decreases slightly
when the Ta content increases from 0 to 8 wt%. The variation in the
hardness exhibits a similar trend to that of σUCS. With the addition of
5 wt% Ta, the cermets exhibit a maximum value of 1909 HV (Table 3).
Thus, the (TiB2-TiCxNy)/(Ni-5 wt% Ta) cermet possesses the best me-
chanical properties without decreasing the value of εf (2.9%), and the
σUCS and hardness are 3.37 GPa and 1909 Hv, which are increases of
~16% and ~22%, respectively, compared to the cermet without Ta
addition.

Fig. 12 shows the fractured morphologies of the (TiB2-TiCxNy)/Ni
cermets containing 0 wt% Ta and 5wt% Ta. The characteristics of the
fracture surface are typically interrelated with the microstructure and

mechanical properties of the cermets [43,44]. As shown in Fig. 12(a),
for the (TiB2-TiCxNy)/Ni cermet, the fracture morphology presents
some intact particles or pits. Furthermore, a propagation of cracks along
the interfaces between the ceramic particles and Ni binder occurs on the
fracture surface, which means that the connection between the particle
boundaries is weak. As shown in Fig. 12(b), for the (TiB2-TiCxNy)/(Ni-
Ta) cermet with 5 wt% Ta added, there are no appreciable cracks on the
fracture surface, and some crystalline planes are present in the fracture
morphology, which means that the propagation of cracks can traverse
the Ni binder. This result further confirms that Ta can enhance the
interface bonding strength between ceramic particles and the Ni binder.

In general, the cermets are not damaged under pure pressure.
However, the microstructure inhomogeneity (such as defects) provides
the conditions required for the production of tensile stress, which
triggers cracks in the microstructures of the cermets when subjected to
a pressure load [45]. A schematic drawing of the crack initiation and
propagation is shown in Fig. 13. By comparing the (TiB2-TiCxNy)/Ni
cermets with the (TiB2-TiCxNy)/(Ni-Ta) cermets, the size of the ceramic
particles is relatively coarse, and the quality and radius of voids are
relatively large in the Ta-free cermets. This result means that the mi-
crostructure is considerably inhomogeneous. In addition, the presence
of fewer particle boundaries leads to hard relaxation of stress at the
crack tip. Hence, under the same strain rate, cracks can be nucleated at
many locations in the (TiB2-TiCxNy)/Ni cermets. Conversely, for the
(TiB2-TiCxNy)/(Ni-Ta) cermets, the size of the ceramic particles is
smaller, more particle boundaries are present, and the size and number
of voids are reduced. Therefore, the initial crack sources are reduced.
Then, after the initiation of a crack, one or more cracks propagate along
the weak connections. As discussed above, in the (TiB2-TiCxNy)/Ni
cermets, the cracks mainly propagate along the interface between the
ceramic particles and Ni (Fig. 13(a)), while in the cermets with Ta
addition, the cracks mainly propagate in the binder Ni (Fig. 13(b)).

4. Conclusions

The in situ bi-phase 70 wt% (TiB2-TiCxNy)/(Ni-Ta) cermets with
various Ta contents were successfully synthesized using the CSHP
method in Ni-Ti-BN-B4C-Ta systems. The reaction process includes
diffusion, dissolution, liquid-state reaction and non-equilibrium solidi-
fication. The elemental Ta participated as a diluent during the CS
process, which delayed the reaction progress and significantly de-
creased the maximum combustion temperature. When the Ta content
increased from 0wt% to 8wt%, σUCS and the hardness increased, while
εf first increased and then decreased. The cermet with an optimal Ta
content of 5 wt% exhibited the best mechanical properties without
decreasing the value of εf (2.9%). A compression strength of 3.37 GPa
and a hardness of 1909 Hv were obtained, which were increases of
~16% and ~22%, respectively, compared to the cermet without Ta
addition. The performance improvement due to the addition of Ta was
mainly due to the ceramic particle refinement, the void reduction and
the Ta solid solution in the Ni binder and ceramic particles.
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Fig. 10. Compressive engineering stress-strain curves of the (TiB2-TiCxNy)/(Ni-
Ta) cermets with different Ta additions: (a) 0, (b) 2, (c) 5, and (d) 8 wt%.

Table 3
Mechanical properties of the (TiB2-TiCxNy)/(Ni-Ta) cermets.

Ta contents (wt
%)

Compression strength
(σUCS/GPa)

Fracture strain
(εf/%)

Hardness (HV)

0
−

+2.91 0.09
0.15

−

+2.90 0.15
0.20

−

+1561 44
22

2
−

+3.14 0.11
0.13

−

+3.30 0.22
0.17

−

+1700 39
53

5
−

+3.37 0.19
0.16

−

+2.90 0.16
0.12

−

+1909 69
86

8
−

+3.40 0.13
0.21

−

+2.50 0.22
0.11

−

+1879 79
50

Fig. 11. Variations in the mechanical properties of the (TiB2-TiCxNy)/(Ni-Ta)
cermets with different Ta additions.
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