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The study presents the corrosion behaviour and wear response of pulsed electric current sintered binderless
TiCs0Ns0, TiC70N30, and TiCgoN1 based ceramic composites, consolidated by spark plasma sintering (SPS), and
the relative densities were evaluated using the Archimedes principle. The microstructural evolutions of the
sintered samples were examined through various microscopy techniques, and their susceptibility to corrosion in
aggressive chloride environment was assessed using open circuit potential, potentiodynamic polarization and
electrochemical impedance spectroscopy (EIS) methods. The microstructural examination of the specimens
showed the presence of different phases within the titanium carbonitride (TiCN) cermets. The wear resistance
evaluated using the frictional coefficient (COF) and calculated wear rate showed that the specimens exhibited an
improved resistance. The specimens further showed enhanced resistance to corrosion in the test electrolyte, as
the TiCsoNso cermet displayed enhanced resistance to the aggressive chloride ions in comparison to the other

specimens.

1. Introduction

The significance of lowering production and maintenance costs in
major engineering applications has enhanced the need to investigate and
produce affordable advanced materials with improved mechanical
properties. The fabrication of engineering components suitable for
various emerging technological applications depends on these materials
for secure and reliable operations. Materials such as TiCN based cermet
has received enormous attention owing to their beneficial mechanical
and physical properties, which include high hardness (2500-3000 HV),
high melting temperatures (3050 °C), wear and improved corrosion
resistance [1,2]. Moreover, Titanium carbide (TiC) and titanium nitride
(TiN) possess FCC crystal structure and form a substantially complete
solid solution where the stoichiometry ratio of carbon and nitrogen
atoms in the form of TiCxNy (as x + y = 1) exhibits a wide range of
composition [3,4]. Thus, numerous TiCN with respect to various com-
positions, stress states, and morphologies are employed for applications
requiring enhanced toughness [5,6].

TiCN based cermets are also utilized in high-speed cutting processes
and milling operations due to the lower frictional coefficient and
improved oxidation resistance they exhibit compared to other conven-
tional cermets. Tungsten carbide (WC) and TiCN based cermets are
composites with ceramic and metal phases, whereby the metallic phase
imparts toughness, while hardness is induced by the ceramics phase [7].
Several studies have been carried out on the enhancement of mechanical
properties of cermets [8,9] through the incorporation of metallic binders
such as Nickel (Ni), cobalt (Co), iron (Fe), molybdenum (Mo) [10-13],
and various secondary carbides which include but not limited to
tantalum carbide (TaC), hafmium carbide (HfC), niobium carbide
(NbC), and molybdenum carbide (MoC) [14-17]. However, the addition
of metallic binders causes mechanical and corrosion resistance deteri-
oration compared to the matrix ceramic phase [18].

Several researchers have investigated the wear and corrosion
behaviour of TiCN cermets. A recent study by Ren et al. [19] demon-
strated the wear performance of TiCN cermets under different abrasives.
The volume loss of TiCN was reportedly increased with increased sliding
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distance. The study further showed that the hardness property of the
TiCN cermet and abrasives plays a crucial role in determining the wear
resistance of the cermet. Onuoha et al. [20] studied the effect of metallic
binder and carbide on corrosion properties of steel reinforced cermets.
The cermets fabricated via melt infiltration process reportedly exhibit
increased corrosion resistance with reducing carbide content. This
behaviour was ascribed to increased surface area covered by the oxide
fims formed from the dissolution of the metallic binder phase.
Furthermore, the susceptibility of TiCN reinforced Ni cermet to corro-
sion in sulphuric acid was investigated by Chen et al. [21] with the
cermets showing three passive zones. The first was enlarged with
decreased current, while the rest were within the psudopassive range.
The EIS analysis revealed that the increased Cr content enhanced the
impedance of the cermets. An increase in carbide content would
improve the wear resistance.

Electrochemical aqueous corrosion studies have shown that the
metallic binder phase influences the corrosion behaviour of the cermets
owing to its selective dissolution, but the ceramic phase remains resis-
tant [22,23]. To mitigate the challenges imposed by binders in hard
materials, the concept of binderless cermets has been studied in corro-
sive environments [24]. Thus, a detailed examination of the wear and
corrosion resistance of binderless cermet systems validates its relevance
in the metal cutting industry. In this study, the wear and corrosion
behaviour of binderless TiCxNy based ceramic composites was
investigated.

2. Experimental procedure
2.1. Morphology and compaction of starting powders

Commercially available titanium carbonitride (TiCyNy) ceramic
powders were used as the starting material in this study. The constitu-
tional composition of the powders is listed in Table 1, while the SEM
morphologies and XRD plot are presented in Fig. la-c and Fig. 2,
respectively. The raw powder exhibits an irregular shape, with an
agglomeration of relatively large particles. Also, the XRD plots for the
powders show a uniform peak and distribution, with the dominant peaks
represented at 20 values of 25°, 36.2°, 43°, 63.1°, 74.7° and 82°. The
decrease in the intensity of a major peak in the TiC9oN7o powder is an
indication that most of the peaks are dominated by TiC phases. The
powders were poured into a graphite die with a diameter of 40 mm,
followed by spark plasma sintering (model HHPD-25 from FCT system
GmbH Germany) in a vacuum. The temperature was controlled by a
pyrometer, and was used to determine the temperature of the sample
through infrared radiation. The sintering temperature of 2100 °C,
heating rate of 100 °C/min, 50 MPa pressure and 10 min holding time
were maintained throughout the sintering process. The density of the
sintered compacts was determined using the Archimedes principle.

2.2. Microstructural characterization

The specimens sectioned from the sintered compacts were prepared
for microstructural analysis by preparation using the standard grinding
and polishing metallographic procedures until a scratch-free and shiny
surface was attained. Microstructural examination was carried out using
a TESCAN Vega3 XMU scanning electron microscope (SEM) equipped

Table 1
Specification of the starting powders.

Sample Average Particle size Manufacturer Theoretical Density (g/
(pm) em®)
TiCsoNso 1.5 H-C. Starck 5.08
TiC;0N3p 1.3 H.C. Starck 5.02
TiCooN10 1.4 Japan New 4.96
Metals
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with Energy Dispersed X-ray spectroscopy (EDS). Standard metallo-
graphic procedures were also adopted to prepare the specimens for
electron backscattered diffraction (ESBD) scans, but a longer time was
spent on final polishing to achieve good indexing. The images were
obtained using a Zeiss Scanning electron microscope, equipped with a
QUANTAX EBSD detector from Bruker. The X-ray diffraction (XRD)
analysis was investigated using a W 1710 by Philip diffractometer
equipped with copper target Ko radiation at 20 mA and 40 kV. Prior to
analysis, the specimens were sectioned to a dimension of 10 mm x 5
mm, after which the surfaces were ground to allow penetration and
reflection of diffraction rays.

2.3. Tribology tests

The tribological behaviour of the TiCxNy sintered materials was
studied under dry sliding conditions. TiCyNy/Al>O3 tribopairs were
thoroughly cleaned and rinsed in ethanol. Tribology test was carried out
on a standard tribometer (TRB tribometer, Anton Paar) using ball on disc
configuration, according to ASTM G 133-95 standard. The alumina ball
with a surface roughness of 15 nm was used as the counterface material.
A load and linear speed of 10 N and 10 cm/s were respectively main-
tained throughout the test. Additional test parameters are presented in
Table 2. The average frictional coefficient value was estimated, and the
volumetric wear rate was calculated using equation (1) [25]. Post wear
examination were conducted on the surface of the specimens using SEM
to understand the wear mechanism.

m
- 1
w ) PS (@)
where:
m = volume loss (g), W = Wear rate (mmg/Nrn), p = Density of the
disk (g/mm3), P = applied load (N), and S = sliding distance (m).

2.4. Corrosion tests

The corrosion resistance of the specimens was investigated in 3.5 wt
% sodium chloride electrolyte at ambient temperature using a VerstaStat
4 potentiostat, operating on a VersaStudio 2.60.6 software. To ensure
proper conductivity between the specimen and the potentiostat, a cop-
per wire was attached to the base of the specimens. The surface of the
specimens was prepared by grinding to 1200 grits of silicon carbide
paper and polished using diamond suspension and fumed silica. Prior to
potentiodynamic polarization, an open circuit potential test was con-
ducted for 2 h to ensure adequate stabilization of the specimens in the
test environment. Potentiodynamic polarization was conducted by
scanning from an initial to final potentials of —1.5 V and 1.5 V respec-
tively, at a scan rate of 0.2 mV/s. The specimens were further analyzed
using EIS technique to determine the charge transfer between the sur-
face of the specimens and the test electrolyte at an initial and final fre-
quency of 0.01 Hz and 100,000 Hz, respectively. The corrosion tests
were repeated thrice to ensure reproducibility of the results.

3. Results and discussion
3.1. Densification behaviour

As determined by the Archimedes principle, the relative density of
the sintered binderless cermets is shown in Fig. 3. With the sintering
parameters adopted for fabrication, it is evident that the density of the
TiCN ceramic composites increases linearly with increasing TiC content.
All the sintered specimens achieved relative densities within
97.81-98.69%. Further observation showed that the relative densities
increased with increasing TiC content, and the TiCgoNj¢ specimen
exhibited the highest density of 98.69%. The enhanced relative density
of this specimen can be attributed to the absence of a metal binder phase
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Fig. 1. SEM micrographs of (a) TiCsoNsg (b) TiC7oN3g (¢) TiCgooN1o.
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Fig. 2. XRD plot of the powders before sintering.
Table 2
Summary of the ball-on-disk test parameters.
Parameters Value Units
Acquisition rate 100 Hz
Linear speed 10 cm/s
Sliding distance 2000 m
Radius of wear track 6 mm
Humidity 50 %
Temperature 23+ 2 °C
Load 10 N
Ball dimension 6 mm
Disk dimension ®40 x 5 mm
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Fig. 3. Relative density of different TiCN compositions.

[26]. A similar study on the effect of copper (Cu) addition on TiCN based
cermet reported a decreased relative density with increasing Cu content.
This behaviour was due to the introduction of Cu element, which gen-
erates pores, thus reducing the relative density since the densification
process of cermet depends on the dissolution-reprecipitation [27]. The
effect of metal binders on densification has been reported in the litera-
ture [28,29]. Poor wettability between the metal and ceramic phase
often results in poor densification and decreased tribological and
corrosion properties [30]. However, binders were not used in this pre-
sent study, hence the reason for the excellent densification achieved.
The density for TiCsoNso is marginally lower when compared to
TiCy9N3p and TiCyoN1¢ compositions. This can be attributed to the TiC
and N composition balance, as the latter is known for inducing porosities
in composites [31]. A recent study by Yang et al. [32] reported an
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improvement in the relative density of sintered compacts, and this
enhancement was ascribed to the high sintering temperature adopted
during fabrication. In comparison with other conventional fabricating
techniques, SPS exhibits high relative densities due to its high efficiency
in consolidating ceramic and metallic powders. Also, sintering at high
temperatures increases the densification rate due to elemental diffusion
and particle re-arrangement [33,34].

3.2. XRD analysis of sintered compacts

The XRD analysis of the sintered cermets is represented in Fig. 4
(a—c), and the binderless titanium carbonitrides specimens showed
several remarkable peaks. The strength of the discovered peaks shows
the presence of two different phases. According to Ilyasov et al. [35],
TiCN exhibits two primary phases (TiC and TiN with unit cell diameters
of 0.4311 nm and 0.3875 nm respectively). The FCC structure of
TiCsoNsy is traceable to sodium chloride type with Fm3m space group
for TiCN phase, according to the characteristics of each of the phases.
The FCC also indicates that carbon atom statistically fills the metal lat-
tice and octahedral interstitial spaces compared to TiCsoNsg, which is
attributed to space group number Pm3 m. Ti and N atoms occupy the
octahedral interstitial site of the volume-centred cubic structures of
TiCyoN3p and TiCgoNjg [36]. The reference unit cell was made up of
sintered titanium carbide compact with a purity of 99.8%. The major
phases and respective unit cell dimension of the specimens are presented
in Table 3.

The phase molar concentration of titanium nitride in the TiCN
composites under examination is indirectly influenced by the carboni-
tride (CN) phase, and it is consistent with the Bl-type structure [39].
However, due to TiC and N’s interaction, the excess Ti dissolves in the
(CN), displacing the TiC composition stoichiometrically [39]. As a
result, the emergence of TiCN and the Ti particle substitution by im-
purity atoms decreases the unit cell dimension of the TiC phase. It should
also be noted that there is an appreciable increase in grain size after
sintering, and there has been a discrepancy in the determining the ac-
curacy of this increase through XRD and SEM analyses. The influence of
the crystallite sizes and the effect of internal stress induced during sin-
tering should be addressed for more accurate assessment of grain sizes.
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Table 3
Dominant phases identified in the three sintered cermets.
Phase analysis of Structural Space Unit cell References
specimens mode groups dimension (nm)
TiN Bl Fm-3m 0.3875 [37]
TiC Bl Fm-3m 0.4311 [38]
TiCyo Bl Fm-3m 0.4330 [36,38]

3.3. Microstructure of sintered TiCN based ceramic composites

The SEM and EDS images of the sintered binderless TiCN ceramics
are presented in Fig. 5. The different colour contrast (black and grey)
seen in the micrographs, can be ascribed to the enrichment of various
elements in the phases [40]. The microstructure of binderless TiCN has
not been broadly explored due to the inexistence of numerous chemical
and stoichiometric compositions of the cermet. Fig. 5a reveals a uniform
microstructure with uniform grain size, owing to the presence of
appreciable TiC content [41], which inhibits grain growth, thereby
resulting in a fine-grained microstructure. A similar microstructure was
reported in studies conducted by Russias et al. [42] and Chen et al. [43].
From Fig. 5b and c, the decreased TiC composition resulted in increased
grain growth, which led to the formation of coarse grains. Furthermore,
the increased nitrogen content promotes grain growth, which in turn
reduces the solubility of TiCN solution. A similar observation was re-
ported in a study by Shi et al. [44]. It should be noted that coarse grains
might be generated through the initial agglomerates present in the
powder source, thereby exhibiting completely recrystallized textures
constituting bimodal grain distribution with different diameters [45].
Therefore, during the powder preparation process, de-agglomeration
treatment such as ultrasonic conditioning should be considered [46].
A comparison between the specimens shows that the specimen with
TiCsoNso composition exhibits a homogenous microstructure with fine
grains, which will significantly enhance its mechanical properties, ac-
cording to Hall-Petch theory [47,48]. The EDS of the images corrobo-
rates the stoichiometric distribution of the TiC and N composition in the
cermets.

3.4. Electron backscattered diffraction analysis

The electron backscattered diffraction technique (EBSD) was
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Fig. 4. XRD plots of (a) TiC5oNso (b) TiC7oN3g (¢) TiCgoN1 cermet.
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Fig. 5. SEM and EDS images of (a.) TiCsoNsq (b) TiC70N3g (¢) TiCooN;¢ cermets.

employed to identify and understand the crystallographic features of the
specimens, and the inverse pole figure maps obtained are presented in
Fig. 6. The maps displayed in Fig. 6a and b reveal two distinct regions:
the alpha-rich colonies (dark region) and the carbon-rich phase (light
region). Another grey region, made up of single alpha grains, is also
evident in the microstructure. Close observation at Fig. 6¢ further re-
veals a beta-grain border, indicating minor plastic deformation and an
alpha core rim structure with fewer Ti grains. The EBSD pattern of all the
composites shows a reduced fine-grains core rim size due to the varia-
tion in the weight of the TiC and N particles. In the outer rim core in-
terfaces, fewer TiN phases were seen after the diffusion of fine particles
into larger or coarse particles, forming a bimodal structure as seen in the
microstructures. The EBSD phase maps illustrate the effect of spark
plasma sintering parameters adopted for fabrication on the final prod-
ucts by forming equiaxed alpha grains in the transformed beta matrix. It
is also evident that the TiC9gNjo specimen has more refined o and
p-grains. The IPF texture presented in Fig. 6d shows polycrystallinity
and texture randomness of grains in the TiC3oNyo cermet.

3.5. Fractography

The SEM micrographs of the fractured surface of the sintered ce-
ramics are shown in Fig. 7. The presence of several voids and dimples,
which depict heavy shear deformation, is evident across the micro-
graphs. The similar fracture surface of TiCN based cermets with different
Co/Ni binder compositions was studied by Wang et al. [49]. The pres-
ence of closed pores observed in the micrographs can be attributed to

low relative density is usually noted on pure TiCN based cermets which
coincide with the results obtained in another study [50]. Porosity in
binderless TiCN ceramics is associated with lower relative densities,
which promotes the formation of cleavages in fractured surfaces. This
agrees with a recent study by Kim et al. [51]. The micrograph displayed
in Fig. 7a indicates that the specimen fractured from the propagation of
multiple cracks. A ductile fracture zone and microvoids are evident in
the micrographs. Fig. 7b also shows a dull fracture surface, depicting the
absence of ductile failure, which characterizes a transgranular brittle
fracture with the rapid spreading of cracks coupled with cleavage
appearance and planar microcracks. Fig. 7c reveals a predominantly
cleavage pattern with pores corresponding to the coarse grains and
segregation of carbon within the grain boundary [52]. All the samples
studied in this work illustrate the fact that the fractures originated from
the micropores within the specimens. As discussed in previous sections,
a strong relationship exists between the processing method and the
overall properties of TiCN cermets.

3.6. Sliding wear behaviour of pure/binderless TiCN based ceramics

Several investigations on the wear performance of TiCN based cer-
mets have been widely reported [53,54]. It is confirmed that TiCN with
binder phases exhibits poor wear resistance and is more susceptible to
chemical attacks when compared to the carbide and nitride phases in the
cermets. Subsequently, there is limited reports on binderless TiCN ce-
ramics, which are regarded as the evolution of structural materials
which can be utilized in severe conditions. Fig. 8 shows the wear
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Fig. 7. Fracture morphology of sintered TiCN ceramics (a.) TiCsoNsg (b) TiC7oN3zo (c) TiCgoNio.

properties exhibited by the sintered cermets while sliding against
alumina counterface at ambient temperature. Observation from the
plots revealed the remarkable resistance of the specimens to deforma-
tion by wear, which makes the sintered binderless carbonitride speci-
mens pertinent and suitable for the manufacture of high-speed cutting
components. From Table 4, The specimen with TiCs9oNsy composition
recorded a volume loss of 0.03 g, which is minimal compared to the
surface degradation seen in the TiC;oN3o and TiCgoNjo cermets.

However, this behaviour can be ascribed to the uniform distribution and
fine grains caused by the high TiN content, which inhibits further grain
growth. Therefore, the higher mass loss of 0.06 g exhibited by the
TiCy9N3p and TiCgoN1o specimens can be attributed to the presence of
coarse TiCN grains, which intensified material removal due to abrasion
between the two surfaces (counterface and specimen). Fig. 8a represents
the plot of the average values generated from the frictional coefficient of
the specimens. It is observed that the specimens recorded low frictional
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Table 4

Wear results of sintered binderless TiCN based ceramics at 10 N.
Specimen Mass loss (g) Wear rate (mm3/Nm) Average COF
TiCsoNso 0.03 2.95 x 1074 0.67
TiC7oN30 0.06 5.97 x 107* 0.43
TiCooN1g 0.06 6.05 x 1074 0.11

coefficient, and this behaviour could be ascribed to a decrease in the rate
at which the material layers are pulled from the sample surface due to
lower frictional force and shear stress generated on the sample surface
[25,55]. Further observation from Fig. 8b shows the plot of values ob-
tained for the volumetric wear rate of the sintered ceramic composites as
calculated using equation (1). It further reveals that the TiCsoNsg
specimen experienced high COF and low wear rate in comparison to the
other specimens. The average COF values vary between 0.11 and 0.67,
with TiCsoN5p cermet exhibiting the highest value and TiCgoNig
recording the least. To understand the dominant wear mechanism

Element Weight® Atomic?%

responsible for removing the material layer from the surface of the
specimens, a detailed analysis of the worn surfaces was investigated
using SEM and EDS, and the morphologies observed are presented in
Fig. 9(a—c). The micrograph of the TiC5oNs¢ specimen revealed grain
pull due to severe wear by abrasion. In addition, the grain pull-out is
caused by debris ploughing from the surface of the cermet, which con-
tributes to wear damage. The presence of oxygen in the EDS analysis of
the worn ceramic surface showed the effect of heat generated between
the counterface and the specimen, leading to the formation of oxide
coatings on the specimen surface [56]. Additionally, high shear stresses
at the contact interface are caused by a lack of tribo-layer formation and
lubrication, leading to a rough track surface caused by continuous
ploughing and chipping [57]. The EDS mapping of TiCsoNso, cermet
displayed in Fig. 10 shows the uniform distribution of the major
elemental constituents of the specimen during the wear test.

3.7. Electrochemical analysis in 3.5 wt% NaCl

The open-circuit potential plots for the samples immersed in chloride
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Fig. 9. BSE-SEM morphologies of worn sintered pure/binderless TiCN ceramics (A.) TiCsoNsg, (B) TiC7oN3o and (C) TiCgoN1o.
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Fig. 10. EDS mapping of worn binderless TiCN based ceramic against Al;O3 ball at 10 N and wear track.
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Fig. 11. Open circuit potential plot for specimens after 2 h immersion time in
test electrolyte.

electrolyte are demonstrated in Fig. 11. Comparing the potentials of the
cermets with respect to their nitride contents reveals that the specimen
with the highest nitride content (TiCs0Nso) exhibited the highest open
circuit potential, while the specimen with the least nitride addition
(TiCyoN10). However, a potential of 0.225 V was recorded in cermet with
a nitride addition of 10%. The increased and noble electropositive po-
tential observed in the cermet with composition (TiCs9Nso) depicts an
enhanced resistance and rapid stability of the specimen to the aggressive
chloride ions and electrolyte, respectively. The potentiodynamic polar-
ization plots for the Ti(C, N) based cermet are presented in Fig. 10. All
the curves are seen to display a potential passivation zone within the

Table 5
Electrochemical parameters from Tafel fitting of the potentiodynamic polari-
zation curves.

Sample Ecorr (mV) Icorr (pA) Cathodic beta (mV) Anodic beta (mV)
TiC70N30 -372.11 42.24 586.68 586.68
TiCsoNso —262.71 11.39 865.52 865.52
TiCgoN10 —630.32 33.83 476.05 476.05

range of —0.5 V-0.35 V vs Ag/AgCl to about 1.1 V-1.4 V vs Ag/AgCl. The
electrochemical characteristics parameters of the specimens presented
in Table 5 are obtained by Tafel extrapolation of the anodic region of the
polarization curves. The sample with TiC;oN3p composition exhibited
the highest current density, with a value of 42.24 pA, while the TiC5¢Nso
specimen displayed the least current density with a value of 11.39 pA. It
is noteworthy that the cermet with decreased current density will
become less susceptible to chloride attack in the test electrolyte.
Furthermore, Fig. 12 reveals a significant passivation region is seen to
progress as the potential of the specimens tends toward the electropos-
itive direction. However, the latter behaviour can be attributed to the
possible formation of Ti02 and a metal oxide binder phase. A similar
observation was reported in a study by Kumar et al. [58]. It should also
be noted that the current density and corrosion potential represent the
specimens’ kinetic and thermodynamic parameters, thereby predicting
the corrosion behaviour of the material. Fig. 13a depicts the Nyquist
impedance spectra of the specimens in 3.5% NaCl electrolyte. It further
illustrates the resistance offered by the cermets when in contact with the
aggressive chloride ions. The visible increase in the size of the
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Fig. 12. Potentiodynamic polariazation curves of the sintered cermets in 3.5 wt
% NaCL
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Fig. 13. (a) Nyquist EIS measurement plot of the sintered cermets in 3.5 wt% NaCl electrolyte and (b) equivalent circuit used for curve fitting.

semi-circle exhibited by the TiC;oN3o and TiCsoNso specimens signifies
enhancement in the passive film formed on the surface of the specimens
with respect to an increase in nitrogen composition. This also confirms
that nitrogen promotes the formation of passive resistant layers as it
dissolves more into the binder. The electrochemical behaviour of the
specimens is simulated using the equivalent circuit from the Z-fit
simulator on an Ec-Lab electrochemical software. This circuit presented
in Fig. 13b provides information on fitting parameters, which include
charge transfer (C3), film capacitance (C2), transfer resistance (R3), film
resistance (R2), and solution resistance (R1) [59]. The values obtained
from fitting these parameters are stated in Table 6. The highest charge
transfer resistance of 856.3 Q recorded by TiCs¢Ns( indicates that it has
the highest corrosion resistance in the aggressive chloride environment,
while the least overall resistance (Rsum) of 2447 Q seen in the TiC7oN3q
specimen depicts the fast dissolution of oxide layers formed on the
surface of the specimen [60].

4. Conclusion

This study investigates the microstructural and tribological proper-
ties of spark plasma sintered TiCN cermets with varied stoichiometric
ratio of TiC and N composition. The sintering parameters adopted for the
cermets fabrication were further affirmed to yield enhanced relative
densities between 97 and 99%. The high density was ascribed to the
absence of a metallic binder phase in the cermets. The XRD analysis of
the specimens revealed the presence of different phases of TiC and TiN
within the TiCN cermets. At the same time, the SEM morphologies
showed distinct contrast between the phases present. However, the
reduced mass loss exhibited by the TiCsoNso cermet was ascribed to
uniform distribution and fine grains caused by a balance between the
TiC and TiN phases. The low frictional coefficient evident in the speci-
mens was also attributed to a decrease in how materials are pulled from
the surface of the specimens. Finally, the corrosion resistance of the
cermets in 3.5 wt% presented TiC3oNs( cermet as the most thermody-
namically stable in the test electrolyte compared to other specimens. A
similar observation was seen in the results obtained from EIS and
potentiodynamic polarization analysis.

Table 6
EIS fitting parameters for specimens.

Sample Ri(Q) RoQ R3@®@ C(I0YF/  CGAOHF/  Ram
2 2

cm cm
TiCyoN3p  8.218 2693 319.8  240.07 30.03 3021.02
TiCsoNsp ~ 15.64 5016 856.3  40.89 56.03 5887.94
TiCooN1p  7.59 1016 1424 15.99 45.73 2447
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