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Abstract

The research on the alloys of titanium (Ti) has been extensive due to the need for materials with remarkable resistance to
oxidation and wear in demanding applications including the automotive, aerospace, and marine sectors. Even though they
have excellent qualities, they frequently require improvements due to the harsh tribological environments they encounter.
This study focuses on the ternary alloy of titanium-aluminum-molybdenum (Ti-7Al-1Mo) and its composite (Ti-7Al-1Mo/
titanium nitride (TiN)). Utilizing spark plasma sintering (SPS) method, we fabricated these materials with varying TiN
weight percentages (1, 3, 5, and 7 wt.%). The microstructural analysis revealed a transition from lath-like morphology to a
bimodal structure as TiN content increased. The presence of intermediate Ti,N phases and hard TiN within the o-Ti matrix
was confirmed. Wear tests indicated improved wear resistance in composites, especially at higher TiN fractions, while
oxidation resistance increased with TiN content. This research demonstrates the potential of Ti—-Al-Mo/TiN composites in
high-performance applications, highlighting the nuanced relationship between TiN reinforcement, microstructural evolution,

mechanical, and oxidation properties.
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1 Introduction

The usage of Ti and its alloy components in automobile,
aerospace, petrochemical, and marine applications is attrib-
uted to admirable characteristics such as superior strength-
to-weight ratio, excellent oxidation, and corrosion resistance
[1-4]. The conditions that tribological components are sub-
jected to during service are severe whereby the mechanical
properties, wear resistance, and oxidation resistance of Ti
and its alloy are not sufficiently good [5]. In applications
such as bearings, gear systems, and braking systems, there
is a crucial need for materials with excellent wear and oxida-
tion resistance. Ti and its alloys have poor work hardening
capability, low surface hardness, and oxide protection [5—8].
Hence, it is essential to study and find the appropriate means
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to enhance the tribological, oxidative, and mechanical prop-
erties of Ti and its alloys.

Reinforcement of Ti and its alloys with ceramics in fabricat-
ing a titanium matrix composite (TMC) has been an efficient
method of improving its hardness, wear resistance, and thermal
stability [9—12]. The strengthening mechanism is a result of fac-
tors like dislocation movement hindrance and matrix/reinforce-
ment load transfer [13—15]. There have been positive reviews
on reinforcing Ti and its alloy with ceramics like TiN, TiCN,
TiC, TiB, TiB,, ZrO,, Al,O4, Si;N,, and SiC [15]. The atten-
tion placed on transition-metal nitride (TiN) is a result of the
outstanding properties it exhibits. These properties include high
hardness, high fracture toughness, excellent thermal and chemi-
cal stability, resistance to oxidation, and corrosion [16, 17]. TiN
has good thermodynamic stability in the Ti matrix [18] which
ensures strong interface bonding, hence offering strength and
discouraging reinforcement pull-out during sliding.

The fabrication of TMCs with enhanced mechanical proper-
ties has been accomplished by different fabrication techniques
in which the powder metallurgy (PM) processing method is
established as being effective [2, 15, 19]. In the past decades
till recent time, it has been proven beyond reasonable doubt
that PM has the capability of producing near-net-shaped
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materials with high performance with low cost and high
performance [19]. It has been reported that the conventional
routes of sintering (hot isostatic pressing and hot pressing) lead
to inefficient reinforcement dispersions and poor sinterability
which in turn causes impairment to the overall properties of
the sintered material [20, 21]. However, spark plasma sintering
(SPS) processing technique is found suitable for the consolida-
tion of TMC due to a direct current of high-intensity and uni-
axial pressure simultaneous application which ensures shorter
sintering time, relatively low sintering temperature, higher
sintered compact relative density, and the limitation of grain
growth [2, 15, 22]. Falodun et al. [23] and Kganakga et al. [24]
recently worked on reinforcing Ti matrix with TiN nanocer-
amic via SPS technique. All authors established enhancement
in the tribological and mechanical properties of the reinforced
Ti matrix. Abe et al. [25] also worked on reinforcing Ti matrix
with several refractory nitrides, these include aluminium
nitride (AIN), hexagonal boron nitride (h-BN), and titanium
nitride (TiN). TiN shows the best resistance against oxidation.
Table 1 shows the properties that make TiN a sought-after
nanoceramic reinforcement. This work explores the wear and
oxidation properties of Ti-7Al-1Mo/TiN composite with dif-
ferent weight percentages of nano-TiN (0, 1, 3, 5, and 7 wt.%)
fabricated via SPS technique.

2 Experimental procedures
2.1 Feedstock powders

The mixed powder of T-7Al-1Mo (wt.%) matrix was made
using Grade 1 Cp-Ti, Al, and Mo. The reinforcing powder

was TiN. Table 2 displays the specific information regarding
the powders in their initial form. Five samples of a powder
combination based on Ti-7Al-1Mo were produced, and each
one had TiN reinforcements with weight percentages of 0,
1, 3, 5, and 7. The T2F Turbula mixer was operated for a
duration of 8 h at 49 rpm rotational speed to homogenize
the powder in a dry environment. AJOEL JSM-6010 PLUS/
LA scanning electron microscope (SEM) was utilized to
examine the starting and blended powders. An X-ray diffrac-
tometer model PW1710 made by Philips (Cu_Ka radiation
at 45 kV/25 mA, 26 range =20-100°, 1=0.154 nm, count
time=1 s aimed at 0.0167° step) was utilized to perform
phase analysis.

2.2 SPS process

By the utilization of HHPD-25 FCT field-assisted
sintering machine, the consolidation of the as-mixed
powder was successfully achieved. The powder was
placed between the upper and lower punches of a
graphite die. The pressure within the sintering cham-
ber was adjusted to 10 torr. A pyrometer was used to
monitor the temperature during sintering, which was
set at 1000 °C with 10 min holding time and a sinter-
ing rate of 100 °C per minute. In addition, 50 MPa
pressure was employed prior to the start of the cycle
(heating). Sandblasting was utilized to eliminate any
remaining graphite contamination from the sintered
compacts after the sintering process completion. Fol-
lowing that, the compacted samples were prepared
for investigation through the application of standard
metallographic techniques [15].

Table 1 Properties of TiN Property

Value/description

Hardness

Fracture toughness
Melting point

Thermal stability
Chemical stability
Thermodynamic stability

13.5-19.7 GPa [26]

2-6 MPay/m [27, 28]

2950 °C

Excellent [29]

Resistant to oxidation and corrosion [30]

Stable in titanium matrix, ensuring strong inter-
face bonding [30]

Resistance High resistance to wear, abrasion, and erosion [31]
Tablg 2 As-received powder Powder Supplied by Purity in % Size in pm
details

CP-Ti (grade 1) TLS Technik GmbH & Co. Germany 99.8 1-25

Al TLS Technik GmbH & Co. Germany 99.5 1-25

Mo CERAC, Inc. USA 99.9 1-3

TiN Nanostructured & Amorphous Material Inc. 97 0.02

Texas USA
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Fig. 1 Schematics of the experi-
mental setup

As-mixed

Ti-7Al-1Mo —

TiN
nanoceramic

Mixing using a
turbula mixer

2.3 Sintered sample characterization

The identification of phases was assessed using an X-ray
diffractometer (PW 1710 Philips) at Cu_Ka radiation of
45 kV/ 25 mA, 26 range of 20-100°, A of 0.154 nm, and
count time of 1 s for 0.0167° step. Microstructural study of
the sintered samples was done using JOEL JSM-6010 PLUS/
LA scanning electron microscope (SEM). The sintered sam-
ple’s bulk density was recorded using the average of five (5)
measurements obtained by using the Archimedes method.
The Vicker’s hardness value of each sintered sample was
recorded from the average of ten indentations achieved by
using FUTURE-TECH FM 800 Vicker’s hardness tester was
set to a holding time of 15 s and load 1 Kgf.

The wear tests without the presence of any lubrication were
conducted on the sintered samples using a reciprocating wear
drive on a MFT- 5000 RTec universal tribometer. The counter-
face ball rubbing against the wear specimen was a 6.35-mm
diameter alloy steel grade. The wear test was performed at
ambient temperature for 1200 s at a length of 3 mm and speed
of 4 mm s~!. Each test was conducted at loads of 15, 25, and
35 N for each wear test specimen. To guarantee repeatability,
a specific set of conditions was replicated three times. Addi-
tionally, the tribometer setup was monitored, the coefficient
of friction (COF) was recorded, and the wear rate was com-
puted. The JOEL JSM-6010 SEM was employed to examine
the surface morphology that had undergone wear. The ASTM
G133-05 (2010) specifications [32] were used to prepare the
wear test specimens. Acetone was used to wipe the surface of
the ball and test specimens before the wear test to avoid the
presence of solid contaminants. Utilizing a thermal gravimetric
analyzer (TGA), the oxidation behavior of the created compos-
ites was examined. The experiments were conducted within
a temperature range of 40 to 800 °C, 10 °C/min heating rate,
using high-purity air supplied at a 20 mL/min flow rate. During
exposure at the designated temperature range, a Cahn C2000
microbalance reliably recorded the change in mass.

Figure 1 shows the representation of the experimental
setup schematics.

XRD
SEM
DENSITY
HARDNESS
WEAR
TGA

As-sintered
sample

Spark plasma
sintering

Test/Analysis

3 Results and discussion

3.1 XRD analyses

Figure 2 displays the XRD diffractogram of all the sintered
samples, which were examined using X’Pert Highscore Plus
Software. The a-Ti (hcp) phase is the major peak found in
the fabricated Ti-7Al-1Mo alloy XRD patterns with a p-Ti
phase peak found at 38.49° 2Theta angle. However, aside
from the a-Ti (hcp) phase major peaks found in the sintered
composites (Ti-7Al-1Mo/yTiN, y=1,3,5, and 7) pattern, the
presence of TiN phase peaks was observed with the evolu-
tion of intermediate Ti,N phase peaks due to the incorpora-
tion of TiN nanoceramic reinforcement.

3.2 SEM analyses

Figure 3a—e shows the micrographs of the parallel cross-
sections of sintered Ti-7Al-1Mo samples with different
wt.% (0-7) of TiN reinforcement, to the pressure applied
during sintering. Figure 3a displays a microstructure that
is non-porous and has a lamellar lath-like appearance of

35000 me (3 s o -aTi
I 35 | SR S ,‘,!Lf,_gx A -BTi
i-7AIMOITTiN '
30000 ol . = -TiN
° o . H o o ¢ -Ti,N
25000 - ° Ti-7ALMolSTiN
3
20000 . .
é‘ o " x n . =.
7]
g 15000+ . Ti-TAIIMO/3TIN
g
£
10000
H . *
® » H o o
s000 K Ti-7AI-IMOMTiN
o o ® ﬂ ° ° ° o i
Ti7ALMo
T T T T T T T
30 40 50 70 80 90

60
2 Theta (°)
Fig.2 Sintered compacts’ XRD diffractograms
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Ti-7Al-1Mo sintered alloy. The morphology is made up of
primary « phase (dark contrast), secondary o phase (light
contrast), and p phase (basketweave bright spot contrast
at the grain boundary). This conforms to the XRD dif-
fractogram (Fig. 2). Figure 3b—e illustrates the evolution
of bimodal structure for the sintered composites and the
lath-like morphology was observed to disappear gradually
as the reinforcement (TiN nanoceramic) weight percentage
increases from 1 to 7. As the TiN content increases, more
TiN particles are dispersed throughout the matrix. These
particles promote the nucleation of new grains, leading to
a finer microstructure. This can disrupt the formation of
the typical lamellar structure. Instead, the matrix evolves
towards a bimodal distribution of grain sizes or phases,
where the influence of TiN becomes dominant at higher
weight percentages. The presence of pores in the sintered
compacts as the reinforcement increases also indicates a
reduction in the relative density. While pores can poten-
tially compromise certain properties, their impact is being
mitigated/offset by the positive effects of TiN reinforce-
ment. The mechanical reinforcement provided by TiN nan-
oparticles can counteract the detrimental effects of pores,
leading to an overall improvement in properties such as
hardness, wear resistance, and potentially oxidation resist-
ance. The presence of TiN particles as hard inclusions hin-
ders the movement of dislocations in the matrix. Hence,
TiN particles help to nucleate new grains during the cool-
ing down of the sample, which can further strengthen the
sintered samples.

‘Basketweavel —
B-phase;

3.3 Relative density and hardness

Table 3 presents the relative density and hardness values of
every sample that underwent spark plasma sintering. The
alloy Ti-7Al-1Mo possesses a 99.68% relative density. The
study found that as the amount of reinforcement increased,
the sintered composites’ relative density decreased. Ti-7Al-
1Mo composites with reinforcement of 1, 3, 5, and 7 wt.%
of TiN have values of 99.55%, 98.54%, 98.22%, and 97.91%,
respectively. This conforms with the pores found in the com-
posites’ microstructures (Fig. 3). The higher densification
observed in this work can be attributed to the sintering tem-
perature surpassing the p transus temperature. Due to the
effectiveness of the particle diffusion of Ti—Al and Ti-Ti in
the P phase region in comparison to the o phase region due
to a higher diffusion coefficient [33], the addition of rein-
forcement to Ti-7Al-1Mo ternary alloy led to the enhance-
ment of the value of hardness from 352 + 17 to 370+ 15
and 549 +£22 as the reinforcement varied from 1 to 7 wt.%,
respectively.

Table 3 Relative density and hardness values of sintered compacts

Sample Relative density Hardness (HV )
(%)

Ti-7Al-1Mo 99.68 352+17

Ti-7Al-1Mo/1TiN 99.55 370+ 15

Ti-7Al-1Mo/3TiN 98.54 426 +24

Ti-7Al-1Mo/5TiN 98.22 453+21

Ti-7Al-1Mo/7TiN 97.91 549422

S
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Fig. 3 Sintered compacts’ morphology (a) Ti-7Al-1Mo (b-e) Ti-7Al-1Mo reinforced with 1, 3, 5, and 7 wt.% of TiN, respectively
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3.4 Wear behavior of the composites

Ti-7Al-1Mo and Ti-7Al-1Mo/yTiN compacts that were
sintered at 1000 °C underwent a tribological test. Ti-7Al-
1Mo/yTiN composites’ microstructures (Figs. 3b—e) show
the existence of pores that differ from the sintered Ti-7Al-
1Mo compact’s microstructures (Fig. 3a) devoid of visible
pores. This is consistent with the relative density values.
Consequently, holes could potentially affect their tribologi-
cal properties. All of the examined compacts had wear scars
that could be seen with the unaided eye following the test,
indicating the presence of measurable wear “activity.”

3.4.1 Frictional behavior

For Ti-7Al-1Mo/TiN sintered compacts, the COF patterns
are displayed as they vary with sliding time throughout a
duration of 1200 s in Fig. 4a—c correspondingly, on a typical
15N, 25 N, and 35 N load. Ti-7Al-1Mo/yTiN composites
exhibit a lower COF than the compacts of Ti-7Al-1Mo, as
shown by the graphs for all applied loads. Similar trends can
be seen in the plots, where the COF profile decreases with
increasing TiN content. The COF of Ti-7Al-1Mo fluctuates
from 0.38 to 0.41 at all normal loads, while the COF of
Ti-7Al-1Mo reinforced with nanoceramic varies from 0.25
to 0.34. Reinforcing the compact with nano-TiN resulted in
a decrease in its coefficient of friction (COF) values, indi-
cating that the reinforced composites’ wear qualities had

improved. This was consistent with the evaluated samples’
wear volume loss values. Similarly, Obadele et al. [34] and
Falodun et al. [23] showed a decrease in COF as a result of
ceramic reinforcements.

At the normal load of 35 N, there existed a noticeable
decrease in Ti-7Al-1Mo/7TiN COF (Fig. 4c), which was
noted at 200 s sliding period. The explanation can be linked
to the conversion of a two to three-body abrasion process,
where the obtained debris from the wear activity acts as an
abrasive between the wear track of the composites and the
alloyed steel ball. It is anticipated that the particles of this
hard debris that has been accumulated will roll and slide,
operating as a tribo-layer or being lodged in the worn surface
grooves [35, 36]. Ti-7Al-1Mo/7TiN has the best wear quali-
ties because of the lubricating property of the tribo-layer,
which lowers the COF. As can be observed in Figs. 4 and
5, this led the Ti-7Al-1Mo/7TiN composite to produce 0.25
average COF value, which was lower compared to the 0.34
to 0.35 range that was observed for other composites.

The values of the steady-state COF (average) at various
normal loads for the compacts under investigation are dis-
played in Fig. 5. For every sample, it was discovered that the
average steady-state COF decreased with an upward trend
in normal force. The wear debris of the hard oxidized Ti
and Al are responsible for the study’s observed decrease in
average COF with increasing normal load [35]. Sharma and
Sehgal [37] also observed a general decrease in Ti-6Al-4 V
COF with increasing normal load in the findings, and they

Fig.4 COF patterns of sintered
samples under a 15 N, b 25 N,
and ¢ 35 N applied normal loads
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Fig.5 Sintered compacts’ average COF values

attributed the decrease to the limited thermal conductivity
of the alloy and frictional heating. While the differences in
the average coefficient of friction (COF) of the Ti-7Al-1Mo/
TiN composites may appear less significant with increasing
TiN content, a closer examination of the COF patterns in
Fig. 4 reveals distinct differences, particularly at the early
stages of wear analysis where the COF values drop with
increase in wt.% of TiN. Furthermore, at higher loads of 25
N and 35 N, the distinction in the drop in the COF values for
Ti-7Al-1Mo/7TiN composite can be observed from the pat-
terns. The observed drop in COF content during initial slid-
ing periods can be attributed to evolving wear mechanisms
and the formation of tribo-layers or oxide plateaus where
the effect of change in TiN wt. % was significant. As the
sliding time increases, the dispersion and interaction of TiN
nanoparticles within the matrix optimize the lubricating and
reinforcing effects, stabilizing the wear behavior of the com-
posites, and leading to consistent frictional performance.

3.4.2 Wear volume and wear rate

Figure 6 illustrates the variations in the ternary alloy and
composites’ wear volume loss under various applied nor-
mal loads. Ti-7Al-1Mo ternary alloy was shown to possess
the greatest amount of wear volume loss under all normal
loads. In general, it was discovered that the wear volume
loss for all composites tested rose as the load increased
for all test loads. This is consistent with the Wear fun-
damental laws [1, 38]. In comparison to the Ti-7Al-1Mo
compact, composites of this alloy with nano-TiN rein-
forcement exhibit the least value volume loss. However,
as the reinforcement (TiN) content was raised from 1 to 7
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Fig.6 Sintered compacts’ wear volume loss

wt.%, the composites’ wear volume loss decreased. This
is explained by the much higher microhardness values of
the Ti composites (Table 3) and their resistance to easy
deformation under the applied stresses [39, 40]. This is
consistent with Archard’s law [41], where the wear volume
loss of a material and the hardness value are inversely
related. According to Liu et al. [42], this suggests that
materials with greater hardness values are the source of
the lesser volume loss.

As the weight percentage of TiN increases, wear resist-
ance is improved because of the matrix’s TiN dispersion
increasing and the reinforcement’s strong adherence to the
matrix [43, 44]. As the wt.% of TiN increases, the disper-
sion of TiN nanoparticles within the matrix becomes more
uniform and dense. This increased dispersion facilitates bet-
ter interfacial bonding and mechanical interlocking between
the TiN particles and the matrix phases, leading to stronger
adherence. The improved interfacial bonding at higher
TiN percentages promotes more effective load transfer and
stress distribution during wear, ultimately contributing to the
enhanced wear resistance of the Ti-7Al-1Mo/TiN composite
material. Therefore, while some level of adherence existed
at lower TiN content, the benefits of increased TiN disper-
sion and interfacial bonding become more pronounced as
the TiN content rises, positively impacting wear resistance.
This outcome is consistent with the studies of Balla et al.
[45] and Falodun et al. [46] where it was found that adding
nano-TiN reinforcement to Ti-alloy (Ti6Al4V) increased its
resistance to wear.

Figure 7 displays the relationship among sintered com-
pacts’ specific wear rate, composition, and test load. The
samples’ specific wear rate decreased when both the TiN
weight percentage and the normal sliding load increased.
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At 15, 25, and 35 N normal loads, Ti-7Al-1Mo ternary
alloy recorded wear rates of 2.35x 107, 2.03x 107, and
1.89x 10™* mm3/(Nm), respectively. For the Ti-7Al-
1Mo/7TiN composite, 1.27 x 107, 0.93x 107, and
0.57 x 10~* mm>*/(Nm) were recorded for the wear rates
respectively. When compared to Ti-7Al-1Mo, a drop of
roughly 45 to 70% in the specific wear rate for Ti-7Al-
1Mo/7TiN was observed. Additionally, an increase in sur-
face roughness may have resulted in the presence of hard
TiN and Ti,N phases as well as the wear debris of oxidized
Ti that was ejected onto the surface and presented itself as
a tribo-film (i.e., titanium oxide plateau) that reduced fric-
tion, which serves as the basis why with increasing load, the
specific wear rate was decreasing [35].

3.4.3 Wear scar morphology

Under 15 N, 25 N, and 35 N applied stress, the worn
surfaces micrographs (SEM) of the composites and the
ternary alloy are displayed in Fig. 8. The magnification
of all the SEM micrographs is the same. Comparing the
worn-out Ti-7Al-1Mo surfaces (Fig. 8a—c) to the match-
ing Ti-7Al-1Mo/TiN composites at each test load, the
former exhibits parallel and deeper grooves in the sliding
direction. This may be due to Ti-7Al-1Mo’s compara-
tively low hardness value, which resulted in inadequate
abrasion resistance. Falodun et al. [23] reported that the
inadequate protection provided by the surface oxide and
insufficient resistance to plastic shearing due to high
friction-generated flash temperature are the causes of
the relatively low level of the Ti — 6Al — 4 V wear resist-
ance exhibited in contrast to Ti-6Al-4 V/TiN composites.
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Fig. 7 Sintered compacts’ specific wear rate

Furthermore, the compact without TiN reinforcement’s
higher adhesion tendencies may be due to its relatively
high ductility when compared to the produced reinforced
composites [15]. Deep abrasive groves are the result of
the worn area becoming work-hardened.

The worn micrographs of Ti-7Al-1Mo, which have
weight percentages of 5 and 7 nano-TiN (Fig. 8j-1 and m—o,
correspondingly), show that the wear scar’s breadth has
decreased, suggesting that the counter-face alloy steel ball
has penetrated less deeply. The degree of wear is anticipated
to be influenced by surface hardness. The maximum hard-
ness value as observed for Ti-7Al-1Mo/7TiN results in less
surface abrasion penetration. As a result, less material was
removed from the surface by the “plowing” activity, which
led to less plastic flow being seen. This is explained by the
growth of the Ti,N intermediate phase and the large percent-
age of the TiN hard phase, which increase the resistance of
the material to plastic deformation. The wear volume loss
displayed in Fig. 6 is consistent with these findings.

3.5 Thermogravimetric analysis (TGA)

The oxidation behavior of the studied samples as measured
by weight gain is displayed in Fig. 9 corresponding to tem-
perature rise from 40 to 800 °C. The degree of oxidation
varied throughout the examined samples. As the temperature
rises, the pattern exhibits a single parabolic kinetic pattern
and mass increment. This suggests a diffusion-controlled
process [47]. A substantial mass change was noted in the
Ti-7Al-Mo ternary alloy curve starting at a temperature
of roughly 600 °C. This implies that there are differences
in the mechanism controlling the oxidation process occur-
ring below and above 600 °C. Due to Ti’s affinity for O, Ti
exhibits a propensity to undergo oxidation, resulting in the
formation of a protective oxide layer primarily composed
of titanium dioxide (TiO,) when subjected to temperatures
exceeding 600 °C. To shield the tested compact's surface
from additional oxidative environment attack, the protective
layer (TiO,) gets thicker. Defective oxide structure develop-
ment after crystallization promotes the diffusion pathways
of Ti ions and oxygen. Consequently, when the temperature
rises, oxidation has a tendency to occur [48]. The protective
barrier is extremely thin between 600 and approximately
650 °C, and the electric field created between the outer
(TiO,/air) and inner (Ti/TiO,) interfaces controls the move-
ment of matter. As a result, the movement of ionic species
is predominant and causes oxidation kinetics, which raises
the oxide layer in accordance with the inverse logarithmic
rule. Diffusion takes over migration above 650 °C, and it
subsequently regulates the oxidation kinetics [49]. Hence, at
a temperature close to 650 °C, an exponential rise in weight
gain was noted.
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Fig.8 Sintered compacts’ SEM
images of worn surface
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Fig.9 TGA of sintered samples

Ti-7Al-1Mo/yTiN composites showed a similar oxida-
tion mechanism. Nonetheless, for TiN reinforcement of 3, 5,
and 7 wt.%, a notable increase in weight gain was seen at a

@ Springer

higher temperature of roughly 700 °C. This suggests that the
thermal stability and oxidation resistance of Ti-7Al-1Mo ter-
nary alloy were enhanced when reinforced with nanoceramic
TiN. This is explained by the addition of an intermediate
Ti2N phase, which aids in further oxidation resistance, and
a highly thermally stable TiN phase.

Based on the oxidation test, the overall weight gain seen
for the examined samples is displayed in Fig. 10. Ti-7Al-
1Mo/5TiN has the least weight gain of roughly 0.33%, indi-
cating that the oxidative property of this alloy has improved
with the addition of reinforcement, according to the trend.
This represents approximately a 54% decrease in weight gain
relative to Ti-7Al-1Mo’s 0.72% weight gain.

4 Conclusion

The SPS method was successfully employed to produce
the ternary alloy of Ti—Al-Mo and the Ti—Al-Mo/yTiN
(y=1, 3, 5, and 7) composites. All of the sintered com-
pacts’ oxidative characteristics and wear were examined.
The obtained results are as follows:
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Fig. 10 Weight gain for tested samples after the oxidation test

e Increment in the wt.% (from 1 to 7) of TiN reinforce-
ment, resulted in a decrease in the composites’ relative
density.

e The ternary alloy Ti-7Al-1Mo exhibits a Widmanstat-
ten lath-like shape that is non-porous, primarily com-
posed of o lamellar phases with a small amount of 3
“basketweave” phase maintained at the grain bounda-
ries. When the weight percentage of TiN increased,
the lath-like shape vanished and a bimodal structure
evolved.

e Hard TiN and intermediate Ti,N phases evolved inside
the o-Ti matrix for TiN-reinforced Ti-7Al-1Mo.

e For all examined samples, as the applied load increased,
the wear volume loss decreased; however, the specific
wear rate experienced an opposite trend.

e Anincrease from 1 to 7% in the weight percentage of the
reinforcement (TiN) led to improved wear resistance of
the composites over the Ti-7Al-1Mo ternary alloy.

e The oxidation resistance of the composites is further
enhanced by an increase in the weight percentage of TiN.
Composite with 5 wt.% of TiN reinforcement gave the
best oxidative properties.
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