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Abstract: In the present investigation synthesis, microstructure study and mechanical behavior of micro B,C
particulate reinforced LM29 alloy composites have been reported. LM29 alloy matrix composites containing
micro B4C particulates were fabricated by conventional stir casting method. The microstructures of the
composites were examined by scanning electron microscopy and energy dispersive spectrographs. Further,
mechanical behavior of as cast LM29 alloy, LM29 — 3, 6 and 9 wt. % micro B4,C composites were studied.
Mechanical properties like hardness, ultimate tensile strength; yield strength, percentage elongation and
compression strength were evaluated as per ASTM standards. Microstructural observations revealed the uniform
distribution of particles in the LM29 alloy matrix. From the analysis, it was found that the hardness, ultimate
tensile strength, yield strength and compression strength of composites were increased due to addition of micro
B,C particle in the LM29 alloy matrix. Percentage elongation of the composites decreased due to B4C reinforced
composites.
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I. INTRODUCTION

Aluminum matrix composites reinforced with micro-particles are widely used in automotive, military
and aerospace industries because of their improved mechanical properties, such as high-temperature creep
resistance, greater durability under fatigue life and good wear resistance. In the recent years, much of
composites research has been focused on the dispersion and distribution of ceramic-particles in a matrix, which
significantly affects microstructure and properties of the composites [1, 2]. It is of interest to note that the
particles with different sizes are distributed at different regions of the matrix. The aggregates are located along
grain boundaries and the large aggregates are distributed in the grain and last freezing inter dendrite region,
which suggests that the distribution of particles is related to the solidification behavior. When alloy melts
containing suspended particles solidify, interactions between the solidification front and the remaining
suspended particles take place, resulting in changed particle distribution.

The particles are either engulfed by the solidification front, and thus distributed within the grain, or
pushed by the solid—liquid interface toward the grain boundaries and eutectic regions. Therefore, in order to
design the microstructure of composites, interaction of nano-particles with an advancing solid-liquid interface
needs to be studied in composites.

For a given particle size, some research [3, 4] calculated a critical velocity of the solidification front to
push the particles by the solid-liquid interface, which is the solidification velocity above which particles are
engulfed by the interface and below which they are pushed. It is clear that particle expulsion or engulfment is a
complicated phenomenon.

During the past four decades, the emergence of a wealth of literature concerned with the processing,
microstructure, and properties of discontinuously reinforced metal matrix composites (MMCs). Reinforcements
such as silicon carbides (SiC), alumina (Al,Os3), and graphite are regularly used in combination with a matrix
needing an enhanced property or a set of properties. A less commonly used reinforcement is a boron carbide
(B4C) [6]. Improvements of matrix materials by B,C in terms of strength [5-7] as well as functional properties
[8] have been demonstrated. These materials have yet to be commercialized.

Traditionally, particle-reinforced metal matrix composites have been fabricated by several processing
routes such as powder metallurgy, deformation processing and various solidification processing techniques
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including spray deposition [9]. The cheapest technique for the synthesis of composites is by stir-casting where
reinforcing particles or powders are stirred into molten alloy and the resulting slurry is cast to obtain ingots of
composite [10]. Metal matrix composites containing particle reinforcements of size of tens of microns generally
show poor ductility, often lower than 5% as strain incompatibility results in larger shear stresses across the
interface leading to debonding at the interface at relatively lower strain. Decreasing particle size of
reinforcement results in difficulty in particle transfer during stir-casting. But if the reinforcement particles are
generated by reaction of externally added particles with the melt then there is no difficulty in particle transfer
due to wetting.

Hence, in the present research ceramic B4C particles with 40 micron size is used to fabricate the
composites. LM29 alloy- B,C composites were processed by stir casting in steps of 3, 6 and 9 wt. %. Further,
investigations made on mechanical behavior of LM29 alloy and its B,C reinforced composites.

I1. EXPERIMENTAL DETAILS

Materials Involved

Aluminium has been the choice of material for most of the researchers as it finds suitable in most of the
applications due to its light weight and good corrosion resistance. The moderate strength of the aluminium can
be enhanced by incorporating hard particles and that has made aluminium composites to attain higher stiffness
modulus at lower densities. From the detailed literature survey, it was understood that LM29 has not been much
focused by the researchers and there is ample scope to use this material as matrix material due to its inherent
good properties. Therefore, in the present investigation LM29 casting alloy is been selected as the matrix
material. The chemical composition of LM29 alloy is shown in table 1.

Table 1: Chemical Composition of LM29 Alloy

Elements Si Cu Mg Ni Al
Wit. % 24.0 1.0 1.0 1.0 Bal
Table 2: Physical Properties of Boron Carbide
Physical Property Specification
Crystallography Rhombo-Hedral
Color Black
Specific Gravity 2.52
Knoop100 Hardness 2800
Shape Blocky — Angular
Melting Point 2350°C

Boron carbide is one of the hardest man-made materials available in commercial quantities. Boron
carbide ceramics have excellent physical and mechanical properties, such as a high melting point, hardness,
good abrasion resistance, high impact resistance and excellent resistance towards corrosion. As an outstanding
in borne mechanical property, the boron carbide as a ceramic material have attracted attention over wide variety
of applications that comprises light-weight armour plating, blasting nozzles, mechanical seal faces, grinding
tools, cutting tools and neutron absorption materials. The physical and mechanical properties of boron carbide
are shown in tables 2 and 3 respectively.

Table 3: Mechanical Properties of Boron Carbide

Density (gm /Cm°) 2.52
Melting Point (°C) 2445
Young's Modulus (GPa) 450 - 470
Thermal Conductivity (At 25°C - W/M-K) 30-42
Hardness (Knoop 100g) (Kg/Mm?) 2900 — 3580

Composites Fabrication

The Manufacture of LM29 -B,C composites were prepared by liquid stir casting method. Boron
carbide particles (40 microns) were preheated to 600°C for 45 minutes to ensure their surfaces are completely
oxidized. LM29 al alloy ingots are cut in to small pieces of about 0.5kg each and calculated quantity of it is
taken in a graphite crucible and placed in the electric melting furnace. The furnace is heated to the required
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temperature where melting of the ingots starts to happen and the solid ingots completely melt and liquidifies
with period of time.

Fig‘l‘Jre 1: Prepared LM29-B,C composites

The preheated 3 wt. % boron carbide particulates were added and mixed with stirrer at rated speed. The
heating is continued for longer periods to maintain the slurry in the molten state. The uniform distribution of the
particles in the slurry is ensured by mechanical mixing through a stirrer at an average mixing speed of 300 rpm
for about 15 minutes. Complete melting of the alloy takes place at a temperature of around 750°C.

The melt embedded with b,c reinforcement is shifted using graphite crucible in to the specially
prepared die that possess pockets of diameter15mm and length 120mm. The composites in the molten state were
allowed to solidify to obtain the desired pencil die castings. The entire process is repeated for different weight
percentages of B4C such as 6 and 9 wt. %. Figurel show the prepared composites castings.

I1l. RESULTS AND DISCUSSION
Microstructural Analysis
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Figure 2: Scanning Electron Microphotographs of (a) As cast LM29 Alloy (b) LM29-3% B,4C (c) LM29-6%
B,C (d) LM29-9% B,C with 40 micron B,C particles
Figure 2 (a-d) shows the SEM microphotographs of LM29 alloy as cast and LM29 with 3, 6 and 9 wt.
% of B4,C particulate composites. This reveals the uniform distribution of B, particles and very low
agglomeration and segregation of particles, and porosity.
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Fig. 1 b-c clearly show and even distribution of B,C particles in the LM29 alloy matrix. In other
words, no clustering of b,c particle is evident. There is no evidence of casting defects such as porosity,
shrinkages, slag inclusion and cracks which is indicative of sound castings. In this, wetting effect between
particles and molten LM29 alloy matrix also retards the movement of the b,c particles, thus, the particles can
remain suspended for a long time in the melt leading to uniform distribution.
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Figure 3: Energy Dispersive Spectrum of (a) as cast LM29 Alloy (B) LM29-9% B,C with 40 micron B,C

particles

In order to confirm the presence of B,C energy dispersive spectroscope analysis was carried out at the
edge of the B,C particle and al alloy matrix. The EDS spectrum reveals the presence of AL and Si elements in
the as cast LM29 alloy. In the LM29 alloy major element is silicon which is evident from the graph figure 3a.
Further, figure 3b confirms the presence of B,C particles in the LM29 alloy along with LM29 alloy in the form

of B and C elements.

Hardness
Table 4: Hardness of LM29-B,C composites
Sl. No. Material Hardness (BHN)
1 LM29 Alloy 61.9
2 LM29-3 Wt.% B,C 73.5
3 LM29-6 Wt.% B,C 86.2
4 LM29-9 Wt.% B,C 994
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Figure 4: Hardness of LM29 alloy and its B,C composites

Brinell hardness test was conducted on the specimens of LM29 alloy, 3, 6 and 9% B,C composites,
with ball diameter 5mm, load 250kg and the values obtained are in the range 61.9 to 99.4 BHN evident from the
graph 4 and table 4. The values indicate that there is gradual increase in the hardness because of the hard boron
carbide inclusion. As the percentage of particulates increased the hardness also increased parallel.

In the hardness test, severe plastic flow has been concentrated in the localized region directly below the
indentation, outside of which material still behaves elastically. Directly below the indentation the density of the
particles increased locally, compared to regions away from the depression [11]. Although plastic deformation
itself has not been responsible for volume change, the existence of very large hydrostatic pressure under the
indentation can contribute to volumetric contraction of the metal matrix. As the indenter moves downward
during the test, the pressure has been accompanied by non uniform matrix flow along with localized increase in
particle concentration, which tends to increase the resistance to deformation.

Tensile Properties

Table 5: Tensile property of LM29-B,C composites

Sl Ultimate Tensile Yield Strength | Elongation (%)
No. Material Strength (MPa) (MPa)

1 | LM29 Alloy 165.3 142.1 13.2

2 | LM29-3 Wt.% B,C 192.2 170.3 114

3 | LM29-6 Wt.% B,C 207.8 186.3 10.3

4 | LM29-9 Wt.% B,C 234.6 202.9 8.5
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Figure 5: Tensile strength of LM29 alloy and its B,C composites

Figure 5 and table 5, shows there is gradual increase in the UTS with 3, 6 and 9 % wt. Addition of B,C
due to the fact that the properties of B,4C particulates control the mechanical properties of the composite
showing the intense tensile strength. The variation in the UTS is may be because of matrix fortifying with
increase in reinforcement size.

Figure 5 indicates yield strength improved from 142.1 MPa to 202.9 MPa with addition of B,C from
3% to 9% wt. The enhancement in the yield strength is due to the close packing of B,C particles providing
molecule strength with the aluminum lattice in turn composite [12, 13].

Figure 6 illustrates the impact of B,C with reference to malleability of the composite. It can be
observed that the graph is falling down with addition of 3, 6 and 9 wt.% of B,C particulates but the rate of
diminishing is less, between 3 — 9 % wt addition. This is due to the strength acquired by the composite with
addition of B,C owing to its properties.
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Figure 6: Percentage elongation of LM29 alloy and its B4,C composites
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Compression Strength

Table 6 Compression strength of LM29-B,C composites

Sl. No. Material Comp Strength (MPa)
1 LM29 Alloy 567.4
2 LM29-3 Wt.% B,C 620.4
3 LM29-6 Wt.% B,C 704.4
4 LM29-9 Wt.% B,C 798.0
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Figure 7: Compression strength of LM29 alloy and its B,C composites

Figure 7 indicates the compression strength of the test specimens with 3, 6 and 9 wt. % of B,C in
LM29 alloy. It is clearly evident that the compression strength is varied from 567.4 to 798 MPa. This increase in
compression strength is mainly due to high hardness and the compression strength of B,C particulates. This
ceramic particulate acts as the barrier for the deformation when the compression load is applied [14, 15].

1IV. CONCLUSION
LM29 alloy- B,C composites are fabricated by reinforcing 3, 6 and 9 wt. % of 40 micron boron carbide
in al matrix using stir casting method and their microstructure and mechanical behaviors are investigated.
Scanning electron microscope photographs and energy dispersive spectrum revealed the uniform distribution
and presence of B,C particles in the LM29 alloy matrix. Mechanical behaviors like hardness, ultimate, yield
strength and compression strength were enhanced with the addition of reinforcement particles with decrement in
elongation.
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