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Abstract— 2024 aluminium alloy has excellent fatigue
resistance and high strength to weight ratio. High hardness
makes the application of boron carbide possible as an abrasive
and cutting material. The aim of the present work was to
investigate the influence of combined thermo-structural
loading on the survival of B4C/2024 metal matrix composites.
For this purpose, a numerical analysis was carried out using
ANSYS code. The major conclusion of the present work was
that the interphase between the nanoparticles ant matrix 2024
Al alloy was ruptured at high temperature due to high thermal
loading and thermal mismatch between B4C and 2024 Al alloy.
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L. INTRODUCTION

Aluminium-based metal matrix composites have been
widely used in many industrial applications due to
their high strength-to-weight ratio [1-5]. In recent
years, there has been a budding perception in using
metal matrix composites for high temperature
applications wherein thermal stability is major
requirement such as in aircraft and automobile
applications [6-10]. However, the dimensional stability
depends upon the thermal mismatch between the
matrix alloy and the reinforced material [11-14].

2024  aluminium alloyis analuminium alloy,
with copper as the primary alloying element. It is used
in applications requiring high strength to weight ratio,
as well as good fatigue resistance. Due to its high
strength and fatigue resistance, 2024 is widely used in
aircraft structures. A variety of chemical, physical,
and mechanical properties of boron carbide ensure its
wide range of applications in modern technology.
High hardness (boron carbide is third in the list of the
hardest compounds, the first two being diamonds and
cubic boron nitride) makes the application of boron
carbide possible as an abrasive and cutting material
[15]. In nuclear reactors, boron carbide is used as a
material for rods that controls the kinetics of nuclear
fusion. Boron carbide is highly stable chemically in
various aggressive environments. It is important to

know the resultant influence of thermal mismatch [16]
and thermal boundary resistance [17] between 2024-
aluminium alloy matrix and B4C reinforcement on the
micromechanical behaviour of B4C reinforced
aluminium alloy composites. This paper describes the
micromechanical behaviour subjected to both
temperature and tensile loading to investigate thermal
stability of B4C/2024-aluminium alloy composites.

II. MATERIALS AND METHODS

2024-aluminium (Al) alloy and boron carbide were
used, respectively, for matrix and reinforcement.
ANSYS software was employed for the numerical
analysis of RVE (representative volume element)
models of B4C/2024 Al alloy metal matrix
nanocomposites. The boron carbide nanoparticles were
coated molybdenum layer. The boron carbide
nanoparticles were assumed to be spherical in the
present study. The volume fraction of B4C
nanoparticles was 20%. The plane strain boundary
conditions were imposed on RVE models for the
numerical analysis [18-20]. The reinforcement and the
matrix were discretised with plane 183 element. The
interphase was discretised with contact 172 element.
The operating temperatures were -150°C, -100°C, -
50°C, 0°C, 100°C. 200°C and 300°C. The RVE models
were numerically tested for the yield strength of the
2024 Al alloy at different temperatures. The numerical
results were validated with experimentally tested
samples of the B4C/5050 Al alloy nanocomposites.

III. RESULTS AND DISCUSSION

The average diameter of B4C nanoparticle was 90
nm. The thickness of molybdenum layer on B.C
nanoparticles was 5 nm. Boron carbide has a complex
crystal structure typical of icosahedron-based borides.
There, B, icosahedra form a rhombohedral lattice unit
(space group: R3m (No. 166), lattice constants: a =
0.56 nm and ¢ = 1.212 nm) surrounding a C-B-C chain
that resides at the center of the unit cell, and both
carbon atoms bridge the neighbouring three icosahedra.
This structure is layered: the B, icosahedra and
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bridging carbons form a network plane that spreads
parallel to the c-plane and stacks along the c-axis. The

lattice has two basic structure wunits — the
B> icosahedron and the Bs octahedron. Because of the
small size of the Bgsoctahedra, they cannot

interconnect. Instead, they bond to the Bi» icosahedra
in the neighbouring layer, and this decreases bonding
strength in the c-plane [21].

Figure 1. Unit cell of B4C. The green sphere and icosahedra consist of
boron atoms, and black spheres are carbon atoms.

The effect of temperature and structural loading on
the linear dimension of RVE cell along the loading
direction is shown in figure 2. It is observed that the
dimension along the loading direction increases with
increasing temperature of the RVE cell [14], [15]. As
the temperature decreases below zero degree of
temperature the dimension along the loading direction
decreases because the structural loading was invariable.
The same kind of trend is also observed normal to the
load direction figure 3. Below zero degree of
temperature thermal contraction dominates the
elongation due to invariable structural loading; while
above zero degree of temperature the combined effect
of thermal expansion and structural elongation has
been observed along the loading direction. Normal to
loading direction, below zero degree of temperature the
combined effect of thermal and structural contraction
has been observed; while above zero degree of
temperature the thermal expansion dominates the
structural contraction.
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Figure 2. Effect of temperature on deformation behaviour of B4C/2024
Al alloy nanocomposites along load direction.
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Figure 3. Effect of temperature on deformation behaviour of B4C/2024
Al alloy nanocomposites normal to load direction.
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If observed keenly the roster images as shown in figure
4, the phenomena occurred along the loading direction
is reversed for the same along normal to loading
direction. The influence of temperature on strains and
stresses induced parallel and perpendicular to loading
direction is shown in figure 5 and 6. The strain
increases with an increase in the temperature in the
regions of the 2024 Al alloy matrix in the directions
parallel and normal to the loading. The strains are
tensile in the parallel direction of tensile loading, while
they are compressive in the normal direction of loading
below zero degree of temperature. The strain induced
in the B4C nanoparticle is negligible either raise or fall
in temperature along parallel and perpendicular
directions of the applied tensile load.
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Figure 4. Effect of temperature on deformation behaviour of B4C/2024 Al
alloy nanocomposites (a) along load direction and (b) normal to load
direction.

The stresses induced in the B4C increase with
increase in the temperature as shown in figure 7 and 8.
It is clearly understood that the load transfer take place
from the matrix to the reinforced nanoparticle via
interphase. Below zero degree of temperature
compressive stresses are induced in the composites in
the direction normal to the loading as seen from the
stress-strain diagrams (figures 9 and 10. It is observed
that the interface and B4C particles are likely to fracture
at high temperatures. The same observation can be
from the raster images of von Mises stresses obtain
from ANSYS software code are illustrated in Fig. 13.
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Figure 5. Effect of temperature on strains induced in B4C/2024 Al alloy
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Figure 6. Effect of temperature on strains induced in B4C/2024 Al alloy

nanocomposites along normal direction to loading.
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Figure 7. Effect of temperature on stresses induced in B4C/2024 Al alloy
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Figure 8. Effect of temperature on strains induced in B4C/2024 Al alloy
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Figure 9. Stress-strain diagram of B4C/2024 Al alloy nanocomposites along
load direction.
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Figure 10. Stress-strain diagram of B4C/2024 Al alloy nanocomposites along
normal direction to loading.

IV. CONCLUSION

The thermo-strucutral induced micromechanics of B4C/2024
Al alloy have been investigated numerically using ANSYS
code. The critical conclusion of this work is that the B4C
nanoparticles and intherphae are likely fracture at high
temperautres along with applied stuctural loading. Under
cryzonic conditions the of B4C/2024 metal matrix
composites are not subjected to heavy thermal and structural
failure.
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Figure 11. Raster images of von Mises stresses.
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