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Accepted: 2021/10/16 different contents of TiC-TiB: were produced via the self-
: propagating high-temperature synthesis (SHS) process using the
exothermic reactions in compressed mixtures of Ni, Al, Ti, and B4C.
Methods: The synthesis of composites was performed using
induction assisted heating, and the formation of phases and the
morphology of reinforcing particles were studied by X-ray
diffraction (XRD) and scanning electron microscopy (SEM)
techniques, respectively.
Findings: Results indicate that the TiC-TiB2 ceramic phases were
successfully synthesized and dispersed throughout a NiAl matrix. By
increasing the TiC-TiB2 content, the porosity in the structure gets a
rising trend due to the enhancement of reaction kinetics and
intensity of the reaction, and reaches from 24 Vol.% in the sample
without reinforcement phases to 39% in the sample with 15% of
ceramic reinforcements. Evaluation of mechanical and tribological
properties of the fabricated ceramic samples shows that - although
the addition of TiC-TiBz increases the volume fraction of voids which
cause destructive effects - a desirable distribution of ceramic
particles within the NiAl matrix leads to improved properties for the
composite. The distribution of TiC-TiB2 particles throughout the
matrix results in a remarkable decrease in sample weight loss in the
pin-on-disk wear test. Also, the microhardness mean values increase
from 497 HV for the unreinforced NiAl sample to values up to 1015
HV for the composite sample containing 15% of reinforcing particles.
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Introduction

The increasing need for developing new
materials with improved properties has
been the motivation behind the
development of many novel composite
materials. In the fabrication of new high-tech
materials, intermetallic compounds have
gained interest due to high melting points,
high resistance to oxidation and corrosion,
and high specific strength. By proper mixing
of intermetallics with hard, ceramic
particles, even better properties can be
obtained. Among different composites, those
consisting of a matrix of aluminide
intermetallic compounds such as NiAl with a
uniform distribution of reinforcing particles
have proved to be very attractive [4, 10-13].
In the present study, samples of NiAl-TiC-
TiB, composite were produced by
combustion synthesis method with different
percentages of reinforcing phase. Elemental
powders of Ni and Al were mixed with
appropriate amounts of Ti and B4C and
compressed to yield the final desired
products during a highly exothermic
reaction. The products were characterized
by XRD and SEM-EDS. Samples with
different percentages of reinforcements
were subjected to pin-on-disk tests and their
wear properties were evaluated.

Materials and Methods

Nickel, aluminum, titanium, and boron
carbide (B4C) powders with 99% purity. The
powders were mixed and cold-pressed in a
steel mold with a diameter of 25 mm to form
a disk. A specially-designed setup was built
for inductive heating of the samples and
performing the combustion synthesis tests
under pressure. The exothermic reactions
took place very fast, and the as-synthesized
products were subjected to XRD and SEM-
EDS to determine the formed phases and
microstructural features of the samples.
Disc-shaped specimens with a diameter of
25 and a height of 8 mm with different
percentages of TiB-TiC reinforcements (0,
5, 10, and 15%) under 3 different forces of
15, 25 and 35 N were used for the pin-on-
disk wear test according to ASTM standard
G99. In the abrasion process, a steel pin with
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a hardness of 50 Rockwell C was used. The
test was performed at a distance of 1000 m
and a constant speed of 0.08 m/s by
calculating the mass reduction.

Findings

By adding Tiand B4C to the Niand Al powder
mixture, the thermodynamically stable
phases that can be formed after synthesis
will be TiC and TiB: phases along with the
NiAl matrix. The results of XRD and EDS
analysis confirmed the formation of the
desired phases. Microstructural
investigation of the composites reinforced
with 10% ceramic phase showed that the TiC
and TiB; phases are visible in a NiAl matrix.
EDS analysis of the samples also confirms
the presence of reinforcing phases.

With the addition of reinforcements to the
matrix, the microhardness values increase
from 497 Vickers (unreinforced matrix) to
up to 1015 Vickers (15% reinforcing
particles). The increase in hardness can be
attributed to the presence of hard ceramic
phases, i.e., TiC and TiB.. Another reason for
the increase in matrix hardness is the grain
modifications and residual stresses due to
the difference in thermal expansion of the
matrix and ceramic particles, which causes a
high density of dislocations and increased
stiffness.

It is shown that the weight loss of the
samples after pin-on-disk wear test in terms
of force and percentage of reinforcement
shows increased with increasing the force. It
can also be seen that at constant force the
weight loss decreases with increasing
percentage of TiC and TiB; ceramic
reinforcing phases. This can be due to the
hard ceramic phases that increase the
hardness of the composite material and the
resistance of the sample surface against
wear. Although the samples contain a certain
amount of porosity, it can be concluded that
the effect of increase in hardness due to the
presence of ceramic reinforcing particles
overcomes the detrimental effect of
formation of pores with the increase in
exothermic mixture.

Discussion

Calculation of adiabatic temperature of Ti-
B4C-Ni-Al system with different percentages
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of Ni + Al showed that if the ratios of 1 (Ni +
Al) + 3Ti + B4C are established according to
reaction (2), the adiabatic temperature of
the system would be equal to 3193K. If the
percentage of Ni + Al increases, this amount
will decrease to some extent [16]. Thus, it
can be concluded that by considering the
reaction Ni+Al+3Ti+B4sC — TiC+2TiB2+NiAl
the adiabatic temperature in the system
would exceed 1800K and if the reaction
starts, it will continue on its own. With initial
heating, Al and Ni begin to melt and then the
formation of NiAl will be accompanied by the
release of a large amount of thermal energy.
With the release of heat, the reaction
between Ti and B4C also starts. The
continuous production of heat through the
reaction of Ni and Al leads to the melting of
NiAl and Ti as well as the breaking of B.C
bonds. After these two stages of melting and
decomposing, all elements of Al, Ni, Ti and B
form a homogeneous liquid phase. Due to the
higher melting temperatures of TiC and TiB:
than the NiAl matrix phase, the TiC and TiB:
phases tend to form with a continuous
decrease in temperature. With the gradual
conversion of Ti+B4C to TiC-TiB,, empty sites
and cavities appear within the matrix. SEM-
EDS analysis of the synthesized sample
without exothermic reagents shows that Ni
and Al with an atomic percentage of ca. 50%
are present in the matrix.

Conclusion

Combustion synthesis can be used as a fast
and efficient method compared to methods
such as melting to produce refractory
composites containing proper distribution
of ceramic reinforcing particles. X-ray
diffraction analysis and microscopic
examinations showed that product of
exothermic reactions in Ni + Al + 3Ti + B4C
mixture is an integrated matrix of NiAl
intermetallic compound containing TiC-TiB:
particles as reinforcing phase. By increasing
the amount of 3Ti + B4C exothermic mixture
in the initial mixture, the value of
microhardness in the synthesized products
increases from about 500 Vickers (for NiAl
synthesized without reinforcing particles) to
1015 Vickers (for composites containing
15% reinforcing particles).

Addition of reinforcing particles improves
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the wear behavior of NiAl. The predominant
abrasion mechanism in samples containing
ceramic reinforcing particles is adhesive
wear with the formation of fatigue cracks
due to strain accumulation in the surface
roughness.
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