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Abstract: Due to the advantages over other metallic materials, such as superior corrosion resistance,
excellent biocompatibility, and favorable mechanical properties, titanium, its alloys and related
composites, are frequently utilized in biomedical applications, particularly in orthopedics and
dentistry. This work focuses on developing novel titanium-titanium diboride (TiB2; ceramic material)
composites for dental implants where TiB2 additions were estimated to be 9 wt.%. In a steel mold,
Ti-TiB2 composites were fabricated using a powder metallurgy technique and sintered for five hours
at 1200 ◦C. Microstructural and chemical properties were analyzed by energy dispersive X-ray
spectroscopy (EDX), scanning electron microscopy (SEM), and X-ray diffraction (XRD) to evaluate the
impact of the TiB2 ceramic addition. Compressive strength, Brinell hardness, porosity, and density,
among other mechanical and physical properties, were also measured and characterized. It has been
found that adding TiB2 to Ti increases its porosity (35.53%), compressive strength (203.04 MPa), and
surface hardness (296.3 kg/mm2) but decreases its density (3.79 gm/cm3). The lightweight and
strong composite could be suitable for dental implant applications.

Keywords: titanium; titanium diboride; powder metallurgy; compressive strength; hardness; density;
porosity

1. Introduction

Due to the growing life expectancy of the global population, artificial materials im-
planted surgically to replace natural ones that are missed have emerged as one of the most
promising disciplines for enhancing people’s quality of life. Due to its exceptional physical,
mechanical, and biocompatible qualities, titanium (Ti) is the most frequently used metal in
the field of biomaterials. The majority of biocompatible surgical implants available for sale
today are made from metals [1,2]. Based on their manufacturing process, titanium alloys
can be classified as either powder manufacturing (PM) or cast [3].

Dental implants are one of the most crucial procedures used to replace a missing tooth
or teeth because they offer a substitute that is both aesthetically pleasing and functionally
satisfying. Dental implants are appliances that replace the natural tooth’s missing root in
both the mandible and maxilla. Dental implants can act as an anchor for dental prosthetics
when they are correctly fabricated and implanted because they eventually bind with bone.
According to Brandmark’s thorough research, titanium is now the industry standard for
dental implants. Yet, a novel, difficult path in implantology has been made possible by the
enormous revolution in the sectors of ceramic (e.g., zirconium dioxide) and polymer (e.g.,
PEEK), as well as other composite materials [4–8].

Although titanium implants have been used successfully, research has continued to
focus on the development of sophisticated titanium alloying or reinforcement to improve
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the biocompatibility and mechanical qualities. However, thin bones, like the anterior
alveolar ridge, are typically ineligible for titanium implant placement [9]. Moreover, bone
loss may result from the implant’s close contact to nearby teeth [10]. However, due to
poor stiffness and wear resistance, their uses are frequently restricted [11]. Titanium based
composite, combining the benefits of metal matrix and lightweight ceramic reinforcements,
was developed to address these limitations [12]. From the perspective of strengthening
theory, the composition, microstructure, and interfacial structure of the composites are
directly related to the type of reinforcement included. Controlling the interface between the
matrix and the reinforcements is crucial for ensuring the promised strength and stiffness
gains in the composites. It has been demonstrated that in situ synthesized reinforcements
provide superior characteristics due to the strong connection between the particle and the
matrix. Numerous investigations have been conducted on the fabrication, microstructure
analysis, and strength improvement of titanium-based composites using various additives,
including SiC, Al2O3, B4C, TiN, TiC, and TiB2. TiB2 is one of the most compatible precursors
for titanium, and is receiving a lot of attention from researchers, because of its high strength,
similar density, excellent thermodynamic stability, and similar thermal expansion coefficient
to the titanium matrix [13].

Due to its mechanical and thermal stability, as well as the fact that it creates the fewest
residual stresses in composites, TiB2 has recently been found to be the best reinforcement
for titanium [14]. Consequently, one of the most wanted titanium matrix composites
(TMC) materials is Ti/TiB composites [15]. Numerous studies have been conducted on
TiB, not only for grain growth but also to impact α phase’s nucleation by presenting a
wider variety of potential nucleation sites [16,17]. The phase that crystallizes from TiB also
follows the axis of symmetry (001) TiB/(0001) α-Ti, [010] TiB/[1120] α-Ti [17]. TiB tends
to grow in the [010] direction and has a B27 crystal structure. Since TiB has a hexagonal
cross-section and a whisker-like morphology as a result, it may efficiently carry heavier
weights due to chemical processes, which can ease the interface limits on the distribution
of reinforcements [18]. Also, it was determined that the thermal expansion coefficient and
densities of TiB2 and Ti are almost identical. During the sintering process, TiB2 reacts with
titanium to produce in situ TiB (Ti + TiB2 = 2TiB) [12,19].

Titanium-titanium boride composites can be made using powder metallurgy as one
of the primary techniques [20]. The advantages of this technology are microstructural
control, fewer material waste, and processing in net shape [21]. In Selvakumar et al. [22],
Spark plasma sintering (SPS) vs. hot isostatic pressing (HIP) and vacuum sintering (VS) for
producing Ti-TiB was previously compared in a study examining its microstructure and
properties. The sintered TiB2 had only been mostly transformed to fine TiB whiskers in a
spark plasma product. This is not unexpected given that it has been demonstrated that
an electric current has an inherent effect that accelerates the diffusion and phase change
dynamics [23,24]. Some recent research has investigated forging as a method of bulk
deformation processing (BDP) for Ti-TiB and Ti-TiB whiskers hybrid composites [25], as
well as extrusion [26,27], equally angled channels pressing [28], and hot rolling [29]. Even
though there has been a lot of research on traditional constituent mixing techniques, such
as casting or powder metallurgy processing, just a few studies have looked at alternative
designs [23,30–32]. Numerous studies have investigated the production of Ti-TiB compos-
ites using additive laser sintering, which was discussed in a review by Attar et al. on the
recent developments and opportunities in the additive manufacturing of titanium-based
matrix composites [33]. Additionally, Ti-TiBw has been discussed as a potential biomaterial
and needs additional investigation [34].

However, TiB2 is challenging to sinter to full density, hence why sintering aids are
frequently needed to facilitate the liquid-phase sintering. Iron, nickel boride, and SiC
have all been tested as additions, respectively [35]. Over 94% density was attained by
Einarsrud et al. [36] making use of the 1700 ◦C pressure-free sintering. Grain size increased
by 3–20 µm once Ni and NiB were introduced. The ductility of the TiB-reinforced Ti
composites is a key concern. At room temperature, the composites with a TiB addition of
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more than 30% show no ductility. As the amount of TiB increases, the brittleness also grows.
For composites made of Ti/TiB2, the same issue occurs. In addition to the TiB composites
created from Ti powders, such as Ti alloyed with Fe-Mo, Mo, and/or Nb, high temperature
modification of Ti, β phase [36], have substantially better ductility. The TiB2 concentrations
had a significant impact on the mechanical and physical characteristics [37,38]. Even at
high sintering temperatures, and especially in the absence of a β stabilizer for Ti, excessive
amounts of very hard TiB2 can cause noticeable cracking in the specimens that underwent
850 ◦C spark plasma sintering [39]. Therefore, it is considered that using high titanium
diboride concentrations without a β stabilizer is not a good idea, which is supported by a
number of researchers [39–42].

Titanium Metal Composites (TMCs) can be produced using either powder metallurgy
(PM) or traditional casting methods. In contrast, PM has the potential to both reduce
production costs and avert casting flaws (such as coarse microstructure, shrinkage cavity,
and segregation). At the same time, it allows for the near-net creation of complex-geometry
components and gives users more control in how their TMCs turn out in the end [43,44].

Although Ti implants are commonly used for dental implant applications, their success
depends on bone quality and quantity, the literature did not show any comparison between
Ti and manufactured Ti-TiB2 composite. Furthermore, TiB2 has not been widely studied,
with a particular focus on the dental implant applications where adequate porosity for
bone osseointegration and the lightweight characteristics along with the high strength char-
acteristics for effective mastication are required to avoid implant fracture. The main goal
of the current study is to create Ti-TiB2 composites using titanium and titanium diboride
powders using the PM method for dental implant applications. This will enable the use
of an implant with a small diameter in the bone to bear the strength of the occlusion and
jaw muscles, which is not possible with conventional implants. Next, the composite’s mi-
crostructural, physical, and mechanical characteristics including density, porosity, hardness,
and compressive strength were examined.

2. Experimental
2.1. Powder Materials

Commercially pure titanium (Ti) and titanium diboride (TiB2) powders were pur-
chased from Hangzhou Hyper Chemicals Limited, China. Both powders are characterized
by a laser particle size analyzer (Bettersize Instrument Ltd., Dandong, China), a scanning
electron microscope (SEM), energy dispersive spectroscopy (EDS) (Inspect S50, FEI Com-
pany, Eindhoven, The Netherlands), and X-ray diffraction (XRD) (XRD-6000, Shimadzu,
Kyoto, Japan). To provide a basic spectra of diffraction peaks, Cu K radiation at 40 kV and
40 mA was used with a scanning range between 30◦ and 80◦.

2.2. Powder Metallurgy Procedure
2.2.1. Mold Preparation

The mold was made from stainless steel and consisted of four parts: a die, two bases,
and a punch, as shown in Figure 1. The die was a hollow cylinder with a 50 mm height,
a 12 mm inner diameter, and an 18 mm outer diameter. The first base was a disc with
dimensions of 15 mm in height by 22 mm in diameter. At the center of the base there was a
short, solid rod of 5 mm in height by 11.5 mm in diameter, which was inserted inside the
hollow space of the die when it was seated on the base while pressing the powders. The
second base was a hollow cylinder (35 mm height × 20 mm top inner diameter) with a
30 mm outer diameter. In a 2 mm hollow depth from the top end, there was a shoulder
(3 mm width), so the inner diameter decreased to 14 mm at the beginning of the shoulder.
The die putted on this shoulder after pressing to facilitate ejecting compacted samples. The
punch rod used had the following dimensions: 75 mm in height and 11.5 mm in diameter.
The rod is used for the compaction of powders inside the die and for ejecting the specimen
outside of the die.
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Figure 1. (A) parts of mold, (B) pressing powder position, (C) sample removal position.

2.2.2. Powder Preparation

The powders for groups of specimens were prepared: first, pure titanium (Ti), and
second, a composite (Ti-TiB2) of pure titanium and titanium diboride varying from 3 to 9%
by weight. The mechanical mixing (pure and composite) was performed in a dry ball mill
(Planetary Ball Mill, MSK-SFM-1, MTI Corporation, Richmond, CA, USA) for nearly 20 h.
When mixing, stainless-steel balls outweighed the powder by a factor of 10. For further
processing, the milled powder was kept in a vacuum [45].

2.2.3. Sample Preparation (Cold Compacting)

Two designs of specimens were prepared for both groups (Figure 2). The first one was
for the compression test, in accordance with ASTM E9-89a (height/diameter = 1.74) [46],
while the other one was for the hardness, porosity, and density characterization, in ac-
cordance with ASTM E10-15 [47] and ASTM B328-96 [48], respectively. For each test,
20 specimens were prepared: 10 for pure Ti and 10 for the composite.
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Figure 2. Study specimens: (A) compression, (B) hardness, porosity, and density.

To produce green specimens, 10 g of powder for compression (other specimens, 3.5 g)
were placed in a mold to press the powder in a uniaxial manner through a hydraulic
press with a digital gauge (Carver, Coeymans, NY, USA). The pressure used to determine
optimum green sample density (3.151 g/cm3) was 800 MPa, as a further increase in pressure
did not show any increase in density (Figure 3).
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2.2.4. Consolidation (Vacuum Sintering)

Sintering temperatures should be about 70% of the material’s melting temperature [49].
Sintering in a vacuum tube furnace (less than or equal to 0.1 MPa) helped solidify green
composite powder into cylindrical billets (Lanphan SK2, SK2-7-14TPD3, Henan, China)
maintained at 1200 ◦C for 5 h. The TiB2 reacted with the Ti powder and transformed into
TiB during sintering [45]. Although Ti3B4 is typically generated at temperatures greater
than 1900 ◦C, some have hypothesized that it represents a possible transitional step in
TMCs [19,50]. The Ti3B4 phase is not taken into account in this study because the sintering
temperature is only 1200 ◦C.

2.3. Sample Characterization
2.3.1. Microstructure

The microstructures of the pure and composite materials were observed using a
scanning electron microscope and the elemental composition was analyzed using an energy
dispersive X-ray spectroscopy (EDS) with a WD of 11.5 mm and a voltage of 25 kV. The
samples were finished and polished with a special mounting holder provided with the
finishing and polishing machine (no resin was used), and no surface coating was applied
as the sample was made of metallic material. An XRD diffractometer was used to confirm
the presence of Ti and TiB phases in the composites (Cu K radiation at 40 kV voltage, SDD
detector and 40 mA current with a scanning range between 30◦ and 80◦).

2.3.2. Compressive Strength and Hardness

The compressive strength was carried via a computer-controlled universal testing
machine (WDW-200KN, Shandong, China), according to ASTM E9-89a, with a loading rate
of 0.2 mm per minute. The hardness was measured via a Brinell hardness device (Wilson
UH250, Brinell Hardness Tester, Braunschweig, Germany) using a load of 187.5 KP for 10 s
with three indentations per sample according to ASTM E10-15 [51].

2.3.3. Porosity and Density

According to ASTM B328-96, porosity and density were calculated for the sintered
samples (n = 10). The sample was weighed after 5 h of drying at 100 ◦C in a vacuum furnace,
and this weight is shown by A. An appropriate evacuation pump was utilized to reduce
the pressure and propel the oil into the sample’s pores while it was entirely submerged in
oil for 30 min at room temperature. B are the degraded the outcomes after weighting the
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fully impregnated sample in air. The specimen that has been totally impregnated in water
weighs mass is C. The following formulas have been used to compute porosity and density:

p =

[
B − A

Do(B − C)
× 100

]
× Dw (1)

D =

[
B

B − C

]
× Dw (2)

where: p = porosity%, D = sample density (g/cm3), Do = oil density (0.9919 g/cm3).
Dw= water density at 22 ◦C (0.9978 g/cm3) [52].

2.4. Statistical Analysis

The appropriate statistical procedures were utilized for analyzing and assessing the
results (GraphPad Prism version 9). Descriptive statistics (box plot) and inferential statistics
(unpaired t-test) to test the means for significance (p-value of less than 0.05) were generated
for comparison.

3. Results and Discussion
3.1. Pilot Study Results for Determining TiB2 wt.%

The original weight percentage of TiB2 was determined according to a pilot study. The
reported values in the literature, where increasing the concentration leads to an excessive
increase in the modulus of elasticity, is not suitable in terms of the biomechanics for
dental implants (stress shearing). At lower concentrations, small improvements can be
made [33], but not to the extent required to solve the problems of failure or fracture of
the implant, particularly at a smaller diameter. The compressive strengths of the implant
materials are usually greater than their shear and tensile counterparts. The compressive
strengths of the implant materials used, including polymers, metals, and ceramics, vary
widely, with approximately 80 MPa for polymers, 130 MPa for metals with ductility, and
500 MPa for ceramics [53]. These materials might have a higher compressive strength than
the human jawbone but are not good candidates for implants due to a higher chance of
failure, particularly in the case of a small diameter or cross-sectional area, which reduces
the compressive strength. Although ceramics have high compressive strength but very
little ductility, a metal-ceramic composite with higher compressive strength and adequate
ductility would be desirable. The pilot study results showed that the concentration of TiB2
at 9 wt.% provided the right balance of the compressive strength, density, and porosity
(Figure 4) required for dental implant applications.

3.2. Powders Characterization

Average particle sizes of the pure Ti and TiB2 powders were found to be approximately
20 µm and 10 µm, respectively (Figure 5). SEM images reveal that the Ti powder has a
larger size and more irregular shape compared with the TiB2 powder, which is smaller
and less irregular (more spherical), as shown in Figure 6. These results also support the
findings from the particle size analyzer. The results of XRD and EDS show the chemical
composition of both powders (Figure 7).
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3.3. Sample Microstructural Characterization
3.3.1. X-ray Diffraction Analysis

Metallographically polished samples were analyzed by XRD. Figure 8 displays the
representative XRD patterns of the samples. α-Ti peaks can be seen in the composite’s
diffractogram confirming that the chemical process was successful. The patterns also
show that the probable intermediary phase in the matrix, Ti3B4, does not exist [54,55].
The experiment also shows that TiB2 particles undergo a phase transition into TiB in the
matrix. Furthermore, a single TiB2 peak (111) can be seen at 2θ = 68.326◦ in the XRD
pattern of the composite. This finding is consistent with the slow diffusion of boron atoms
in TiB reported in a previous study [45,56]. The dominant TiB (200 and 113) peaks are
observed in the composites in comparison to peaks only of α Ti, in the pure sample. All
composite samples have been shown to contain the same phase composition, including the
hexagonally close-packed phases α-Ti and TiB. Ti (α) is the most prominent phase in all the
composites. This result is consistent with that of Namini and Azadbeh [41], who observed
that Ti, TiB, and TiB2 phases were present in a Ti-TiB2 sample. The presence of diffraction
peaks of TiB in the XRD pattern confirms the in-situ reaction between Ti and TiB2 and
the formation of the TiB phase. According to studies of the Ti-TiB2 sintering process, the
presence of an excess number of titanium moles causes the thermodynamically unstable
TiB2 and Ti to react, yielding TiB [26]. Furthermore, the vacuum sintering process did not
complete the chemical reaction between Ti and TiB2 at this sintering temperature (1200 ◦C),
as seen by the weak TiB2 peaks that coexist with the Ti and TiB diffraction peaks. It should
be noted that XRD analysis was carried out from the surface of the samples and that the
results might not give the complete volumetric composition of the sample.
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3.3.2. Energy Dispersive Spectroscopy (EDS) Analysis

The EDS results are depicted in Figure 9 for the composite and pure samples. The
results show that the composite consists of both Ti and boride phases. The figure shows two
distinct regions, regardless of porosity with a color map of Ti (green) and boron (yellow) in
the composite samples, in which one area is light gray indicating the presence of titanium
and another is dark grey indicating the presence of boride (TiB). However, it is possible that
the migration of boron atoms to the Ti-rich regions during sintering caused the appearance
of a few TiB whiskers in the titanium outer matrix [45]. Pure samples only cover the
light grey region (green color-map). Also, there was a very small amount of oxygen in
both groups during processing indicating a low level of oxygen in the vacuum condition
applied. The homogenous distribution of the B element in the analysis area indicates that
the sintering process has sufficiently finished the diffusion of the element. The Ti and B
enrichment in the investigated region suggests that it is in the TiB phase.
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3.3.3. Scanning Electron Microscopy (SEM)

Following the sample preparation protocol, in accordance with ASTM E407-07, cross-
sectional metallography and microstructures of titanium and its alloys were taken at a
high-magnification using the SEM in a secondary electron detector to reveal the distribution
of TiB whiskers [57,58]. Figure 10 demonstrates that the TiB whiskers are distributed
throughout the composites as interconnected clusters of short whiskers, whiskers in the
form of needles, and tiny plates. The composite appears to be composed of interconnected
networks of short agglomerated TiB whisker clusters. Previous research has reported the
presence of such groups of short TiB whiskers [45,54]. The uniform titanium is growing a
few elongated TiB whiskers. In comparison, a pure sample that contains only homogeneous
titanium exists without another phase of TiB.

The observation in the SEM picture of the composite reveals three colors that may
be readily separated as Ti (light grey), TiB2 (black), and TiB (dark grey). The polished
surfaces of the sample are covered with random TiB whiskers. Additionally, SEM photos
show unreacted TiB2 particles clearly, which is consistent with the XRD results that were
previously mentioned. The contact between the reinforcement and the matrix has a lot of
pores. According to the previous study [41], the chemical reaction between Ti and TiB2 may
reduce the volume of the TiB2 particles due to the consumption of titanium, resulting in the
formation of pores.
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3.4. Compressive Strength and Hardness

Brinell hardness was measured for the pure and composite specimens and shown in a
box plot (Figure 11a). The average hardness values (HB) of the Ti and Ti–TiB2 composite
were 221.8 ± 3.490 kg/mm2 and 296.3 ± 2.584 kg/mm2, respectively, which are significantly
different. The increase in hardness in the composite may be explained by the function
of the titanium diboride content, which forms interconnected clusters and long whiskers
in the matrix, resembling needles [45,59,60]. Statistically, the star in the figure indicates
a significant difference between two groups (p value < 0.0001, t = 54.25) according to an
unpaired t-test.
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The mechanical characteristics are enhanced because of the in-situ production of the
TiB phases. Reducing the size of the Ti grains (grain refinement) improves the room-
temperature strength by creating a finer microstructure with increased hardness and
strength. In general, the greater the final mechanical characteristics are, the finer the
grain size [40].

Compressive strengths of the composite (203.036 ± 3.190 MPa) and pure Ti
(128.293 ± 2.250 MPa) are shown in Figure 11b. It makes sense that using TiB2 in a specific
weight proportion greatly improves the compressive strength. The increased compressive
strength could be linked to the following significant factors: (i) the higher filler content
strength, (ii) the primary material’s morphology, and (iii) the homogeneous distribution
of the filler particles throughout the matrix. The superior compressive strength and the
significant difference between the two groups (p value 0.0001, t = 60.55), according to an
unpaired t-test, could likely be attributed to the interfacial reaction and greater consistency
between the Ti matrix and filler material as a result of a higher sintering temperature,
which increases atomic diffusion [61–65]. When the sintering temperature goes up, the
grain size gets smaller. This makes more grain boundaries which can stop the dislocations
movement and make the material stronger in compression. The increase in strength can
also be attributed to five factors: (1) the solid solution atoms acting as dislocation draggers
during tests, (2) the strengthening effect brought by significant grain refinement, (3) the
load transfer effect of reinforcements during compressive process, (4) the mismatch of
coefficient of thermal expansion (CTE) between TiB and Ti matrix, and (5) the substructure
hardening resulting from increased dislocation density [15].

Grain refinement can be suspected, according to Figure 9, with the TiB content. It can
be seen that some titanium is generated around the TiB phase, which might be explained
by enforcing [66]. It is the non-deformable TiB particles that serve as the optimal sites
for the nucleation of re-crystallized grains and the subsequent development of sub-grain
boundaries as dislocations glide and gather around them during the deformation at an
elevated temperature. The presence of TiB can enhance the titanium matrix’s capacity for
recrystallization. Furthermore, TiB particles can serve as α-Ti nucleation sites. An earlier
study suggested that the orientation of TiB and α-Ti may result in the disruption of the
traditional orientation relationship between titanium phases during sintering, which could
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have an impact on morphology and contribute to the creation of more equiaxed grains
close to TiB [67].

In general, the surface hardness and compressive strength of the titanium samples
are close to the values that are reported in the literature and are relied upon as part of the
properties of the titanium element, according to the discrete and stipulated test methods.

3.5. Porosity and Density

The porosity increases with an addition of the TiB2 in the matrix, where the av-
erage porosity of the composite is 35.57% ± 0.5, and that of pure Ti is 15.50% ± 0.49
(Figure 12a). Statistically, the star indicates a significant difference between the two
groups (p value < 0.0001, t = 89.18) according to the unpaired t-test. For more clarifi-
cation, Figure 13 shows the SEM images that illustrate increased porosity in the composites
compared to the pure Ti.
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Conversely, density decreases with the addition of the filler content. The average
density of the composite is 3.78 ± 0.0085 g/cm3, and for the pure Ti it is 3.85 ± 0.009 g/cm3

(Figure 12b). Statistically, the star in the figure indicates a significant difference between
the two groups (p value < 0.0001, t = 15.74) according to the unpaired t-test. The plate-like
TiB morphology was observed in the Ti-TiB2 samples, and fine whiskers agglomerated
with residual porosity and TiB2. These various microstructures consequently resulted in
differential porosity and density. The initial sintering temperature influenced the interface
between the TiB whisker and the Ti, even though the residual TiB2 was still present after
sintering. Here, sintering in the β phase field followed by cooling through the β-α phase
transformation temperature resulted in incompatible crystallo-graphic orientation relations
between the matrix and the TiB whisker where there is no β-phase stabilizer of Ti, which
promoted the increased local strain and dislocation density. However, these were not
predicted to occur for materials sintered in the α phase field that did not have to undergo a
phase change [45].
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Since the TiB has a lower density than both Ti and TiB2, it was added to the formula and
is likely the cause of the composite sample’s lower density. Grain growth is an unavoidable
side effect of conventional sintering methods, which is, in turn, attributed to the use of
low heating and cooling rates in conjunction with the lengthy holding durations [19].
Sintered density falls and porosity rises (grain growth) when the sintering temperature
rises further. At high sintering temperatures (1200 ◦C), which promote grain formation
and slightly wider pores, it is clear that the porosities appear to be linked and irregularly
shaped (Figure 13). Higher temperatures cause significant grain expansion and verify the
decreases in the sintered density [39]. According to the reports [38,68], Ti-TiB2 sintering
results in the grain growth of α-Ti, which in turn leads to grain expansion. It should be
observed that when the sintering temperature rises, beta phase (transformed at a high
sintering temperature) growth outpaces alpha phase growth. By contrasting the beta (bcc)
and alpha (hcp) Ti crystal lattices, we see that the beta Ti atomic packing factor is less than
that of the alpha Ti. This less compacted phase facilitates diffusion, which in turn leads to
grain development.

4. Conclusions

The findings of this study allow us to draw the following conclusions:

1. The Ti-TiB2 composite and pure Ti had a predominantly α-Ti phase microstructure,
both as received and after processing. TiB whiskers are developed when the Ti matrix
reacts with TiB2.

2. The pure titanium matrix can be reinforced microstructurally with TiB2 to form Ti-TiB2
composite with better microstructural, physical, and mechanical properties. Uniform
distribution of the filler particle in the matrix was observed with the TiB phase.

3. Moreover, the addition of TiB2 filler resulted in an increased porosity, hardness, and
compressive strength, but a decreased density.

4. From the strength point of view, the developed composite could be used for dental
implants due to its excellent mechanical properties, as long as it does not show any
biocompatibility issues.

5. An increased porosity (light weight) would provide space for the entry of the bone cell
into the implant material and would improve the connection between the bone and
the material. In vivo studies are currently in process to demonstrate the suitability of
the material for dental implant.
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