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ABSTRACT. In the current studies an investigations were made to know the
effect of 63 micron sized B4C particles addition on the mechanical and wear
behavior of aerospace alloy AlI2618 metal composites. Al2618 alloy with
different weight percentages (2, 4, 6 and 8 wt. %) of 63 micron sized B4C
particles reinforced composites were produced by stir cast process. These
synthesized composites were tested for various mechanical properties like
hardness, compression strength and tensile behavior along with density
measurements. Further, microstructural characterization was carried by
SEM/EDS and XRD analysis to know the micron sized patticles distribution
and phases. Wear behavior of Al2618 alloy with 2 to 8 wt. % of B,C
composites were studied as per ASTM G99 standards with varying loads and
sliding speeds. By adding 63 micron sized B4C particles hardness,
compression and tensile strength of Al2618 alloy was enriched with slight
decrease in elongation. Further, wear resistance of Al2618 alloy was enriched
with the accumulation of B4C particles. As load and speed on the specimen
increased, there was increase in wear of Al2618 alloy and its composites.
Various tensile fracture surface morphology and worn surface behavior was
observed by SEM analysis.
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INTRODUCTION

the second is a matrix phase, which is usually a metallic alloy. This combining of two unique phases is done to

produce material qualities that cannot be attained by a single phase, as well as to improve the composites'
mechanical properties [2, 3]. Researchers are concentrating their efforts on reinforcing development in order to create
high-strength MMCs. Other merits such as wear confrontation, stiffness, coefficient of thermal expansion, high
temperature conduction, and so on can be achieved by including reinforcements in the matrix phase. In order to generate
a desirable metal matrix composite, it is critical to use the right filler material [4].
Aluminium is well-known for its low density and ability to protect itself from corrosion through the process of passivation
[5]- Because of its high specific strength to weight ratio, ease of machinability and formability, and lower cost than other
materials, aluminium and aluminium alloys are particularly essential in the automobile and aeronautic industries. Due to
the strong need for enhanced strength to weight ratio in aluminium alloys, a great deal of research is being done in this
area by adding very high strength material reinforcement in aluminium alloys [6, 7]. The mechanical characteristics of
these reinforcement materials will be altered in the desired way. As research in this area advanced, combining reinforcing
components with base materials such as aluminium alloys and other metals culminated in the development of a new
material known as metal matrix composites, or MMC [8].
The Al matrix alloy reinforced with B4C and SiC patrticulate is one of the most advanced materials available [9, 10].
Because of their potential improvement in mechanical qualities such as hardness and tensile strength, which are favorable
properties in tribological applications, hard materials are widely utilized as reinforcements. Reinforcements with
appropriate particles increase mechanical performance in general. Graphite, alumina, and boron carbide fibers or
particulates have also been considered as reinforcing materials in MMC due to their high strength and low density. [11,
12]. Aluminium MMCs, which are produced using solidification processes with boron carbide and graphite particulate as
reinforcing materials, represent a class of low-cost, custom-made materials for a variety of technical applications in the
automobile industry, such as brake pads, bushes, and bearings. The aluminium metal matrix material with ceramic
reinforcement has the potential to develop a material with increased remarkable mechanical capabilities, thermal
conductivity and high-temperature damping behavior [13, 14|. However, there is difficulty in wettability between
aluminium and the ceramic reinforcement, and oxidation of the ceramics at high temperatures lead to manufacturing
difficulties and cavitation’s in the material.
Several researchers have investigated properties of metal matrix composites by using aluminium, copper, zinc, magnesium
and lead as a base matrix. Most commonly used particulate reinforcements are SiC, TiC, ALOs, B4C, Graphite, Mica, WC
and Si3sNy etc [15, 10].
Dinesh Patidar et al. [17] has conducted survey on boron carbide (B4C) effect when reinforced in aluminium alloy 7075,
B4C was added in weight percentage of steps 5, 10, 15 and 20 percentage and was developed by ultrasonic stir casting
method, the effect of B4C resulted in drastic increase of hardness value until 10% of B4C and hardness for 15% and 20%
showed increase in hardness with lower value. The breaking load, ultimate and flexural strength also increased with

D ] MCs (metal matrix composites) atre typically made up of two phases [1]. The first is a reinforcement phase, and

increase in B4C particulates. Also, the rate and volume of wear of developed composite increased with decrease in weight
petcentage of B4C at same load and sliding velocity.

By using the stir casting method, Veereshkumar [18] and coworkers explore the mechanical and tribological properties of
Al6063 reinforced by SisN4 powder. The reinforcements were varied in increments of 2 wt. percent from 0 to 10 wt.
percent. The results show that raising the reinforcing percent increased monolithically and significantly the attributes like
hardness and density. They claim that the composite has a greater wear resistance based on wear tests using a pin on disc
configuration tribometer.

The wear rate of AA2024 with ALO3/SiC/Gt produced by squeeze casting was examined by Natarayan and colleagues
[19]. They optimized factors such as load (10, 20, 20N), distance (800, 1200, 1600 m), and velocity (1, 1.5, and 2 m/s)
using the Taguchi method. They used an 127 orthogonal array for experimental design, and ANOVA was used to
determine the impact of various components. They also used SEM with EDS to investigate wear mechanisms, surface
morphologies, and composite composition. The optimal findings were anticipated using an artificial neural network
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(ANN), indicating that the applied load and sliding velocity play a significant role in influencing the wear of AA2024-
AL O3-SiC and Gr hybrid composites. They state that in the samples, worn surface revealed adhesive wear was the most
common.

However, from the literature survey, it is seen that small data is accessible as respect to the impact of variable particle size
reinforcement on mechanical and wear properties of Al2618 alloy reinforced with B4C, composite processed by a novel
two-stage liquid stirring process. With increase in demand of advanced materials in the promising modern applications,
where Al-based composites are being considered as contender to supplant steel or aluminium alloys. Classic examples are
cylinder liners of the vehicle motors, just as brake rotors. Al2618 alloy reinforced with B4C, composite is predominantly
utilized in aircraft and automobile stors more specifically it is used in aerospace applications in the construction of
structural frames (i.e., wing to fuselage attachment root fittings and bulk head) have increased with the advent of advanced
liquid stirring process. However there is a need to develop new formulation and evaluation of its properties. Hence, an
attempt has been made in the current work to develop Al2618 alloy with 2, 4, 6 and 8 wt. % of B4C reinforced
composites. Thus developed composites were exposed to microstructural characterization, mechanical and wear behavior
analysis as per ASTM methods.

EXPERIMENTAL DETAILS

Preparation of the composites
y using the stir casting method, metal composites with 2, 4, 6, and 8 wt. percent B4C (63 pm) were developed. As
illustrated in Fig. 1, an Al2618 alloy was employed as the primary material, with B4C particles (63 um) serving as
reinforcements. Tab. 1 shows the chemical composition of the alloy employed in this experiment.

o\
SEM HV: 25.0 kV WD: 5.10 mm
SEM MAG: 300 x Det: SE

Figure 1: SEM micro-photograph of 63 micron sized B4C particles.

Zn Mg Si Fe Cu Ni Mn Cr Al
0.1 1.8 0.2 1.3 2.7 0.9 0.3 0.1 Balance

Table 1: Chemical Composition of A12618 alloy by weight %.

The liquid stir casting technique was used to manufacture Al2618 alloy with 63 micron size reinforced B4C composites.
The electric furnace is loaded with a predetermined weight of Al2618 alloy blocks. Normally, aluminium alloys begin to
melt about 660°C, however the metal is heated to 750°C superheated temperature. Suitable thermocouples based on the
temperature range are employed to measure the melting and superheated temperatures, and these temperatures are
recorded. Solid hexachloroethane (C2Cl6) [20] is used to degas the superheated molten material in the crucible for roughly
three minutes. For stirring the molten metal, a fan blade kind steel rotor attached on a shaft stirrer covered with zirconia
ceramic is employed. The stirrer is dipped in the melted metal to a depth of about 65 percent in the crucible, and the
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metal is agitated to a degree of vortex generation by rotating the stirrer at a speed of about 300 rpm. Side by side B4C
particles equivalent to 2 wt. percent by weight of charged Al2618 are preheated in a separate heater to 400°C and injected
gently into the molten metal vortex in phases while churning the molten metal. The stirring process is continued until
perfect wettability between the Al2618 alloy matrix and the B4C reinforce particles is achieved, resulting in interfacial shear
strength. The molten metal comprising Al2618 alloy matrix and B4C reinforce particles is then poured into cast iron molds
of 120 mm of length and dia., of 15 mm. The same procedure is used to make composites with B4C particles in various
weight %. The prepared composites of Al2618 alloy with B4C are shown in Fig. 2.

Figure 2: Al2618 alloy with B4C composite.

The specimen is arranged for microstructural analysis using a SEM after casting to determine the uniform circulation of
reinforcing particles in the Al2618 alloy. Microstructures of Al2618 alloy and Al2618 with different percentages of B4C
reinforced composites are captured. Microstructure specimen dimensions are 15 mm in dia., and 5 mm in height. 240,
600, and 800 grit paper are used to grind the specimen's surface. The surface is then polished with polishing paper (4
micron) for a smoother finish using a polishing machine. Following that, the samples are cleaned with distilled water to
eliminate any dirt or other impurities that may have accumulated on the polished surface. Keller’s reagent is utilized to
etch the specimens to create a contrast surface.

The theoretical and experimental densities are used to calculate the density of the Al2618 alloy with B4C composites. By
using rule of mixture the theoretical values are predicted and using the standard weight method experimental densities is
calculated.

The specimen is machined in accordance with ASTM standard E10 [21] for hardness testing. The Brinell hardness tester
machine is used to test the hardness. The polished surface of the specimen is smooth. A 5 mm ball indentation is made on
the sample, and a load of 250 kg is applied. The results of 5 indentations are noted on the surface of the specimen and
tabulated.

The specimens are machined in accordance with ASTM standard E8 [22] to investigate the tensile behavior of Al2618
alloy and Al2618 alloy with varying weight percentages of B4C composites. The Computerized UTM is used to test the
tensile strength, investigate the behavior of Al2618 alloy reinforced hybrid composites subjected to unidirectional tension,
and analyze the effect of uniform distribution. The specimen's overall length is 104 mm, 45 mm gauge length and a gauge
dia., of 9 mm. This tensile test can be used to determine the mechanical behavior of as cast alloys and composites.
Compression strength is calculated using the ASTM E9 standard [23]. Fig. 3 depicts the tensile test specimen.

Figure 3: Tensile test specimen.

Using a pin on disc wear machine, Al2618 alloy and Al2618 with B4C reinforced composites wear behavior are
investigated. The tests are carried out as per ASTM G-99 standard [24] on specimens measuring 8 mm in dia., and 30 mm
in length. After performing dry sliding wear expetiments at varied loads of 10 N, 20 N, 30 N, and 40 N and at 2.09 m/s
sliding velocity for 3000 m sliding separation, the wear was considered. Similatly, the dry sliding wear conduct of Al2618
compound composites was investigated at 40 N load and 3000 m sliding distance at varied sliding speeds of 0.52 m/s,
1.05m/s, 1.57 m/s, and 2.09 m/s. The height loss misfortune was reported as a wear misfortune.
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Wear debris were collected during wear testing using a pin-on disc wear machine, and this debris are used to investigate
distinct wear mechanisms using SEM images. Furthermore, the wear morphology of the Al2618 and Al2618 amalgam
with B4C composites was investigated using micrographs to determine the distinct wear conduct involved.
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SEM HV: 25.0 kV WD: 13.91 mm
SEM MAG: 300 x Det: SE

SEM HV: 25.0 kV WD: 16.53 mm VEGA3 TESCAN:

SEM MAG: 300 x Det: SE 200 pm

SEM HV: 25.0 kV
: 300
(C) SEM MAG! X

WD: 14.65 mm
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SEM MAG: 300 x
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Figure 4 (a-¢): SEM microphotographs of (a) as cast Al2618 alloy (bAI2618-2% B4C (c) Al2618-4% B4C (d) Al2618-6% B4C (¢)

Al2618-8% B4C with 63-micron B4C particles.
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RESULTS AND DISCUSSION

Microstructural studies
he microstructure of the cast Al2618 alloy is depicted in Fig. 4 (a), and it is obvious that no B4C particles are
present. SEM microstructure of Al2618-2 wt. percent 63 micron B4C, Al2618-4 wt. percent 63 micron B4C,
Al2618-6 wt. percent 63 micron B4C, and Al2618-8 wt. percent 63 micron B4C reinforcement particles is depicted
in Fig. 4 (b-¢).
As demonstrated in Fig. 4 (b-¢), the dispersion of 63 micron size B4C reinforcement particles with varying wt. percent is
almost homogenous throughout the AI2618 matrix. It also demonstrates that there are no gaps, voids, or cold closes. The
B4C reinforcement particles and the Al2618 alloy matrix have good interfacial bonding. The uniform dissemination of
particles, no defects in castings, and good interfacial connection in these Al2618- B4C particulate composites, as shown in
the above SEM images, increase the complete strength of the MMC and have a significant effect on both mechanical and
tribological properties.
EDS is an effective and helpful technology for determining components and their relative proportion existence. Chemical
analysis can determine the existence of the elements in the sample, but it is difficult to measure the presence of
proportion, hence EDS is utilized. The elemental analysis of Al2618 alloy and Al2618 and 8 wt. percent of 63 micron B4C
reinforced composites is performed using the EDS technique.

1.80K Al
1,506
140K
1.30%
1.00K]
080K
060K
040K

0.208 Fe M
Cu &3 Fe Fe Cu  Cu
000Kt =

00 17 34 al %] E5 0.2 119 136 133

Lse: 30.0 0 Cnts 0.000 kel Det Dctane Pro Det
Figure 5: EDS spectrum of as cast A12618 alloy.
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Figure 6a: EDS spectrum of Al2618-2 wt. % of B4C composites.
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Figure 6b: EDS spectrum of Al2618-4 wt. % of B4C composites.
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Figure 6¢c: EDS spectrum of Al2618-6 wt. % of B4C composites.
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Figure 6d: EDS spectrum of Al2618-8 wt. % of B4C composites.
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Elements
B

Fe

Cr
Al

Al2618

2.02
0.70
0.20
2.3
0.06
0.01
0.19

0.83
93.69

2 wt. %
B,C
7.93

0.72
0.69
0.18
4.10
0.08

0.79
85.51

4 wt. %
B4C
10.03

0.70
0.65
0.16
4.18
0.06

0.77
83.45

6 wt. %
B4C
13.07

0.72
0.68

4.18
0.04

0.69
80.62

8 wt. %
B4C
14.57
0.65

0.62

4.30
0.04
0.06
0.80
78.96

Table 2: Composition of Al2618-B4C composites in weight % by EDS analysis.

Fig. 5 and Fig. 6(a-d) are demonstrating the energy dispersive spectrographs of Al2618 alloy and Al2618 with 2, 4, 6 and 8
weight percentages of 63 micron sized boron carbide reinforced composites. Fig. 5 is showing Al and Cu elements, this
Cu element is the major alloying element in the aluminium 2XXX series alloys. Further, Fig. 6(a-d) is showing boron (B)
and carbon (C) elements along with the Al peaks, which indicates occurrence of B4C in the prepared Al2618 alloy
reinforced with 2, 4, 6 and 8 wt %.B4C composites
Fig. 7 shows the XRD pattern taken for as cast aluminium alloy Al2618 to verify its quality and standard XRD pattern.
On a 2-theta scale, the peak height increases and subsequently decreases, suggesting the presence of multiple material
phases. Fig. 7 shows that the peak X-ray intensities are higher at 38, 45, 65, and 78, suggesting the presence of the
aluminium phase.

000

G000 —
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2000 -
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Figure 7: X-ray diffraction pattern of as cast A12618 alloy.
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Figure 8a: X-ray diffraction pattern of Al2618 alloy with 2 wt. % of B4C composites.
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Figure 8b: X-ray diffraction pattern of Al2618 alloy with 4 wt. % of B4C composites
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Figure 8c: X-ray diffraction pattern of Al2618 alloy with 6 wt. % of B4C composites.
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Figure 8d: X-ray diffraction pattern of A12618 alloy with 8 wt. % of B4C composites.

In Fig. 8(a-d) it is visible that X-ray intensities of peak are higher at 39°, 45°, 65° and 78" indicating the presence of
aluminium phase. Along with Al phases, B4C phases are visible at 38°, 42° and 50°.

Density Measurements

The experimental and theoretical and densities of Al2618 — 2 wt. percent B4C, Al2618 — 4 wt. percent B4C, Al2618 — 6 wt.
percent B4C, and Al2618 — 8 wt. percent B4C composites are compared in Fig. 9. Aluminum alloy Al2618 has a density of
2.80 g/cm’, while boron carbide has a density of 2.52 g/cm3. When Al2618 is reinforced with 2 wt. percent of B4C, the
overall density of the composite decreases because B4C has a lower density than Al2618, and Al2618 -2 wt. percent of B4C
has a density of 2.794 g/cm3. When 4, 6, or 8% B4C particles are used to strengthen Al2618 alloy, the theoretical density
of the composite tends to be lower than that of the aluminium alloy. It's also worth noting that experimental densities are
lower than theoretic densities. The decrease in density caused by the addition of B4C is consistent with the findings of

other studies [25].

—&— Theoretical Density
—O— Experimental Density

2.82
2.80 -

2.78 - \\‘\,
2.76 -

2.74 4

2,72

Density (g/cm3)

2.70 A

2.68 A

2.66

2.64 T T T T T

Wit.% of 63 Micron Sized B,C Particles

Figure 9: Theoretical and experimental densities of Al2618 with B4C composites.
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Hardness measurements

The hardness of as cast Al2618 and produced composites with different weight fractions is evaluated by Brinell hardness
testing equipment utilizing 5mm ball indenter, with an applied stress of 250 kgf and dwell period of 30 seconds for each
sample at different locations (see Fig. 10). The increase in hardness is attributed to the hardness of the B4C particles,
which are uniformly disseminated and contribute to the hardness of the composite by acting as barriers to the progression
of dislocations within the matrix [26]. The observations and the obtained results are consistent with the results of other
workers; this may be mainly due to the good connection between matrix and reinforcement.

The improvement is about 56.99% in Al2618-8 wt. % B4C composites when compared with matrix. Same observation is
found with the investigations of other researchers [27]. The increased hardness is accredited to the existence of firm B4C
particles which act as obstacle to the movement of dislocations within the Al2618 matrix. Usually, after addition of micro
particles the strain energy at the peripheral of boron carbide particles is improved, so in composites enhanced hardness is
found.

B As Cast A12618 Alloy
EE Al2618 - 2 wt. % B4C Composites (63 Microns)

Emm Al2618 - 4 wt. % B4C Composites (63 Microns)
mm Al2618 - 6 wt. % B4C Composites (63 Microns)
B Al2618 - 8 wt. % B4C Composites (63 Microns)

100 -
80
3
g 60 -
wn
£
=
=
"E 40 A
20 -
0 |
0 2 4 6 8
Wt. % of 63 Micron Sized B,C Particles
Figure 10: Hardness of Al2618 alloy with B4C composites.
Compositions of composite samples BHN
AI2618 62.87 + 2.53
Al2618-2 weight percentage of B4C 68.60 + 3.13
Al2618-4 weight percentage of B4C 78.47 + 3.42
Al2618-6 weight percentage of B4C 91.10 + 4.32
AlI2618-8 weight percentage of B4C 98.70 + 4.52

+ - SD (Standard Deviation)

Table 3: BHN averaged values of Al2618 and Al2618 reinforced with B4C at different compositions (2, 4, 6 and 8 weight percentages).
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Tensile properties

Figs. 11 and 12 show the results of tensile testing at room temperature with varying weight % of 63 micron sized B4C
particles. The UTS and YS increase as the percent weight fraction of reinforcing particles increases, as shown in Figs. 11
and 12.

The UTS and YS are amplified with increasing B4C content. The B4C particles in the alloy afford protection to the softer
matrix. The UTS and YS of as cast Al2618 alloy is 185.1 MPa and 147.2 MPa respectively. Further, as weight percentage
of 63 micron size B4C particulates increased from the 2 to 8 wt. % insteps of 2 wt. %, there is increase in the UTS and YS
values. It is observed that in Al2618 alloy-2 wt. % B4C composites UTS and YS are 196.1 MPa and 158.4 MPa
respectively. In the case of 8 wt. % of 63 micron size B4C reinforced composites it is 270.8 MPa and 217.8 MPa
respectively in UTS and yield strength.

Compositions of composite samples UTS (MPa)
AlI2618 185.13 + 4.33
Al2618-2 weight percentage of B4C 196.10 + 4.06
Al2618-4 weight percentage of B4C
Al2618-6 weight percentage of B4C 223.37£3.26
243,30 £+ 2.67
Al2618-8 weight percentage of B4C 270.80 + 4.43

+ - SD (Standard Deviation)
Table 4: UTS averaged values of Al2618 and Al2618 reinforced with B4C at different compositions (2, 4, 6 and 8 weight percentages).

B As Cast AI2618 Alloy
Emm AI2618 - 2 wt. % B4C Composites (63 Microns)

Emmm Al2618 - 4 wt. % B4C Composites (63 Microns)
EE Al2618 - 6 wt. % B4C Composites (63 Microns)
EEm Al2618 - 8 wt. % B4C Composites (63 Microns)

250 -

200 A

150

100 -

Ultimate Tensile Strength (MPa)

50

0 2 4 6 8
Wt. % of 63 Micron Sized B,C Particles

Figure 11: UTS of Al2618 alloy with B4C composites.
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Compositions of composite samples YS (MPa)

Al2618 147.17 + 3.18
Al2618-2 weight percentage of B4C 158.43 + 3.30
Al2618-4 weight percentage of B4C 184.60 + 3.66
Al2618-6 weight percentage of B4C o

202.93 + 3.47

Al2618-8 weight percentage of B4C 217.80 + 4.09

+ - SD (Standard Deviation)

Table 5: YS averaged values of Al2618 and Al2618 reinforced with B4C at different compositions (2, 4, 6 and 8 weight percentages).

EEEE As Cast Al2618 Alloy
EEmm Al2618 - 2 wt. % B4C Composites (63 Microns)

EEEE Al2618 - 4 wt. % B4C Composites (63 Microns)
Emm Al2618 - 6 wt. % B4C Composites (63 Microns)
Emmm Al2618 - 8 wt. % B4C Composites (63 Microns)

250

200

150 A

100 A

50 A

0 4
0 2 4 6 8

Wt. % of 63 Micron Sized B,C Particles
Figure 12: YS of Al2618 with B4C composites.

Yield Strength (MPa)

The computed estimates of ultimate tensile strength were shown as a component of the weight rate of micro B4C
particles. There has been a rise in UTS when compared to base Al2618 alloy with varying wt. percent of B4C composites.
There is a significant increase in strength due to appropriate contact between the framework mixture and the supporting
components. The harder the grains, the higher the hardness and also the better the quality of composites, resulting in
increased wear resistance [28]. The hard ceramic B4C particles are responsible for the increase in UTS, since they add
value to the framework mixture by improving solid rigidity. Because of the difference in coefficient of developed between
the flexible matrix and the brittle particles, the expansion of these hard-micro particles may have caused significant long-
term compressive discomfort.
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Compositions of composite samples Percentage
Elongation (%)

Al2618 13.30+ 0.33
Al2618-2 weight percentage of B4C 12.40+ 0.14
Al2618-4 weight percentage of B4C 11.27+ 0.10
Al2618-6 weight percentage of B4C 10.43+ 0.17
Al2618-8 weight percentage of B4C 9.37+ 0.25

+ - SD (Standard Deviation)

Table 6: Percentage elongation averaged values of Al2618 and Al2618 reinforced with B4C at different compositions (2, 4, 6 and 8
weight percentages).

N As Cast A12618 Alloy
Emmm Al2618 - 2 wt. % B4C Composites (63 Microns)

Emmm Al2618 - 4 wt. % B4C Composites (63 Microns)
Emm Al2618 - 6 wt. % B4C Composites (63 Microns)
Emmm Al2618 - 8 wt. % B4C Composites (63 Microns)

16

14 -

12 4

10 A

FElongation (%)
oo

0 2 4 6 8

Wt. % of 63 Micron Sized B,C Particles
Figure 13: Elongation of Al2618 alloy with B4C composites.

Fig. 13 indicates the effect of 63 micron size B4C particles addition on the ductility of Al2618 alloy and its composites.
The material tends to elongate when the specimen is subjected to axial load. In tensile testing, the eclongation of a
specimen is calculated by dividing the increase in gauge length after fracture by the original gauge length. In general,
clongation of a specimen parameter is given as a percentage; the greater the percentage eclongation, the greater the
material's ductility. The percent elongation of as cast Al2618 alloy, Al2618 alloy with 2, 4, 6, and 8 wt. percent of 63
micron size B4C particulates composites tested in tensile testing is shown in Fig 13. The percentage elongation of as cast
Al2618 alloy is decreased after the addition B4C particulates; it is further decreased as wt. % of reinforcement increases in
Al2618 alloy. The elongation of Al2618 alloy is 13.3 %, after adding 8 wt. % of B4C particles it is decreased to the 9.4 %.
The presence of hard brittle particles in the Al2618 alloy matrix is mostly responsible for the decrease in elongation.
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Compression strength

Fig. 14 is presenting the compression strength of AlI2618 alloy and the composites produced with different weight
percentages. From the Fig. 14 it is evident that as wt. % of B4C increases, there is an increase in the compression strength
of Al2618 alloy. The compression strength of Al2618 alloy is 538.8 MPa, in the case of Al2618 alloy-2 wt. % of B4C, 4 wt.
% of B4C, 6 wt. % of B4C and 8 wt. % of B4C it is 587.5 MPa, 647.8 MPa, 717.4 MPa and 795.2 MPa respectively.
Typically, the strength of ceramic particles is described in terms of compression strength rather than tensile strength. The
compression strength of B4C particles is very high as compared to the Al matrix. This behavior of reinforcement makes
the material to withstand against the applied compression load. As the percentage of these particles increases in the base
material, the compression load carrying capacity increased further due to area occupied by the particles is more, which
resist the deformation of the matrix against the load [29].

EEEE As Cast AI2618 Alloy
EEm Al2618 - 2 wt. % B4C Composites (63 Microns)

Emm Al2618 - 4 wt. % B4C Composites (63 Microns)
Emm Al2618 - 6 wt. % B4C Composites (63 Microns)
EEEE Al2618 - 8 wt. % B4C Composites (63 Microns)

800 -
&)
S 600 -
-]
&0
=
z
& 400 -
=]
2
2
(=%
g
S 200
0
0 7 4 6 8

Wt. % of 63 Micron Sized B,C Particles
Figure 14: Compression strength of Al2618 with B4C composites.

Compositions of composite samples Compression
Strength (MPa)

AI2618 538.83 & 3.22

Al2618-2 weight percentage of B4C 587.53 + 2.81
Al2618-4 weight percentage of B4C 647.77 + 2.60
Al2618-6 weight percentage of B4C 717.40 + 3.22
Al2618-8 weight percentage of B4C 795.17 + 2.81

+ - SD (Standard Deviation)

Table 7: Compression strength averaged values of Al2618 and Al2618 reinforced with B4C at differentcompositions (2, 4, 6 and 8
weight percentages).
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Tensile fractography
The fractured surfaces of as cast Al2618 shown in Fig 15 (a) and the fractured surfaces of Al2618 -2 wt. % of B4C, 4 wt.
% of B4C, 6 wt. % of B4C and 8 wt. % of B4C composites are shown in the Fig. 15 (b-¢) respectively.

5.0 kV WD: 12.28 mm | | SEM HV: 25.0 kV WD: 12.71 mm

SEM MAG: 200 x Det: SE 200 pm SEM MAG: 200 x Det: SE

LR

3 ” ATy 5 B d Y Y5
SEM HV: 25.0 kV WD: 13.31 mm SEM HV: 25.0 kV WD: 19.80 mm VEGA3 TESCAN
SEM MAG: 200 x Det: SE 200 ym SEM MAG: 200 x Det: SE

5.0 kV WD: 17.18 mm
SEM MAG: 400 x Det: SE

Figure 15: (a-e¢) SEM micrographs of tensile fractured surfaces (a) Al2618 Alloy (b) Al2618-2 wt. % B4C (c) Al2618-4 wt. % B4C (d)
Al2618-6 wt. % B4C (e) A12618-8wt. % B4C composites with 63 micron particles

The as-cast Al2618 alloy has a dimpled fracture surface, suggesting ductile fracture, but the reinforced Al2618 alloy with 2,
4, 6, and 8 wt. % has a smooth fracture surface, indicating brittle fracture. A regular dispersion of large dimples connected
by bits of smaller dimples is visible in 63 micron B4C material, exhibiting a pattern caused by ductile void growth
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coalescence, although a larger proportion of B4C composites show a pattern caused by ductile void growth coalescence.
As a result, the mechanical properties of B4C particles are anticipated to have a considerable impact on composite
mechanical properties.

Wear behavior

To determine the wear properties, the test specimens of as cast Al2618 alloy, Al2618-2 wt. of 63 um B4C, Al2618-4 wt.%
of 63 um B4C, AlI2618-6 wt.% of 63 um B4C and Al2618-8 wt.% of 63 um B4C particles reinforced composites ate
prepared. The test specimens are machined according to the ASTM G99 standard for wear test.

Load Speed Sliding Wear in Microns (um)
Parameter P distance
™) (m/s) (mm)  AL2618 2 wt%B4C 4wt% BiC  6wi% B,C 8 wt% BiC
0 200 3000 6854010 5761006 509+0.08  463+005 413+ 007
20 2.09 3000 7584007 653005  561+0.07 5024005 449+ 0.05
VaryingLoad = = 0 3000 goos 008 TI4E006 6024008 556+ 008 487+ 0.07
0 200 3000 gr34008  T78£0.07 6454006 589+ 0.07 536+ 0.08
0 0 3000 r9p00s 5861008 503£0.06  457+£0.06 402+ 0.04
3000 643+ 0.05 549+ 0.08 485+ 0.04 434+ 0.05
Varying 40 105 726:+0.06 a

Sliding Speed ;3 s+ 3000 agri00s 7094007 578+0.06 543+ 0.08 476+ 0.07
0 200 3000 gegror  768£0.05 6274006 557007  519+0.06

Table 8: Wear results of Al2618 alloy and B4C (63 microns) composites.

One of the main elements that affect wear loss is load. To better understand the wear rate of Al alloys, a lot of research
has been done on the effect of normal load in wear trials. Furthermore, graphs for wear loss against varied loads of N, 20
N, 30 N, and 40 N, as well as a constant distance of 3000 m and a speed of 2.09 m/s, have been plotted to explore the
influence of load on wear. The influence of load on the wear behavior of Al2618 alloy and B4C reinforced composites is
shown in Fig. 16.

The wear of all composites and the base Al2618 increases as the load increases from 10 N to 40 N, as shown in graph 16.
The temperature of the sliding surface and pin surpasses the critical value with a maximum load of 40 N. As a result, the
wear loss of the matrix Al2618 alloy and Al2618 alloy with 2, 4, 6, and 8 wt. percent of 63 micron B4C composites
increases as the stress on the pin increases. In all loading circumstances, the wear loss of as cast Al2618 alloy is the
maximum, as shown in Fig. 16. As shown in Fig. 17, the wear loss of the composites diminishes as the wt. percent of
reinforcements in the Al2618 alloy increases. The high hardness of B4C particles, which acts as a barrier for wear loss, may
explain the increase in wear resistance of the Al2618 alloy-2, 4, 6, and 8 wt. percent of 63 micron B4C composites with
increasing wt. percent of B4C reinforcements. It can also be shown that increasing the amount of hard particles enhances
wear resistance [30]; in the current research work, increasing the amount of hard B4C particles also increased wear
resistance, which is similar to the results found in the current study.

Fig. 18 depicts the wear loss as a function of speed for a variety of test materials with different compositions. The test is
carried out at 0.52 m/s, 1.05 m/s, 1.57 m/s, and 2.09 m/s while maintaining a load of 40 N. It may be deduced from the
above graph that f wear loss increases as the sliding speed increases. When compared to B4C -based composite, the effect
of sliding speed is greater for base Al2618 alloy.

The wear loss of Al2618 matrix alloy and B4C composites is shown in Fig. 18 as a function of sliding speed. The loss due
to wear increases as the sliding speed is raised from 0.52 m/s to 2.09 m/s for both Al2618 mattix alloy and its constituent
composites.
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—&— As Cast Al2618 Alloy
—o— Al2618 Alloy - 2% B4C Composites (63 microns)
—w— Al2618 Alloy - 4% B4C Composites (63 microns)
—a— Al2618 Alloy - 6% B4C Composites (63 microns)
—m— Al2618 Alloy - 8% B4C Composites (63 microns)
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g
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Figure 16: Shows wear loss of A12618 Alloy and its 63 micron size B4C reinforced composites at varying loads and 2.09 m/s constant

speed

—e— 10 N Load & 2.09 m/sec Speed (63 micron)
—O— 20 N Load & 2.09 m/sec Speed (63 micron)
—w— 30 N Load & 2.09 m/sec Speed (63 micron)
—&— 40 N Load & 2.09 m/sec Speed (63 micron)
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Figure 17: Wear loss of Al2618 Alloy and its 63 micron size B4C reinforced composites at varying loads and 2.09 m/s constant speed
with varying wt. % of B4C
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—e— As Cast Al2618 Alloy
—o— Al2618 Alloy - 2% B4C Composites (63 microns)

—w— Al2618 Alloy - 4% B4C Composites (63 microns)
—a— Al2618 Alloy - 6% B4C Composites (63 microns)
—m— Al2618 Alloy - 8% B4C Composites (63 microns)
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Figure 18: Wear loss of Al2618 and its 63 micron size B4C composites at varying speeds and 40 N constant loads.

—o— (.52 m/sec Speed & 40 N Load (63 microns)
—O— 1.05 m/sec Speed & 40 N Load (63 microns)
—w— 1.57 m/sec Speed & 40 N Load (63 microns)
—&— 2.09 m/sec Speed & 40 N Load (63 microns)
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Figure 19: Wear loss of Al2618 Alloy and its 63 micron size B4C composites at varying speeds and 40 N constant load with varying wt.
% of B4C.
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Although the wear loss of the composites is substantially lower than that of the Al2618 matrix alloy at all sliding speeds, it
is much lower in the case of Al2618 alloy-2, 4, 6, and 8 wt. percent 63 micron B4C composites. In general, when the
amount of B4C particles in the composite increases, the weat loss of the composite reduces. Additionally, as the sliding
speed is raised, wear loss upturns due to the composite weakening at higher temperatures due to the rubbing action [31].
Higher sliding speeds cause a rise in temperature, which causes plastic deformation of the test item [32]. As a result, there
is more delamination, which leads to more wear loss. The cutrent study's findings are similar to and consistent with earlier
research conducted by other researchers. The influence of reinforcement particle size on the wear behavior of Al2618
alloy and its boron carbide reinforced composites is also shown in Fig. 19.

1 i ¢
SEM HV: 25.0 kV WD: 18.11 mm SEM HV: 25.0 kV WD: 14.91 mm VEGA3 TESCAN|
SEM MAG: 500 x Det: SE SEM MAG: 500 x Det: SE 100 pm

L )

R ,
) il B -

SEM HV: 25.0 kV WD: 15.74 mm SEM HV: 25.0 kV WD: 14.86 mm VEGA3 TESCAN

SEM MAG: 500 x Det: SE SEM MAG: 500 x Det: SE

SEM HV: 25.0 kV WD: 14.91 mm
SEM MAG: 500 x Det: SE

Figure 20: (a-¢) Worn surfaces SEM micrographs of (a) Al2618 Alloy (b) Al2618-2 wt. % B4C (c) Al2618-4 wt. % B4C (d) Al2618-6 wt.
% B4C (e) Al2618-8 wt. % B4C composites with 63 micron particles.

Wear surface morphology and wear debris
The morphology of worn-out surface of Al2618 alloy and produced composites is important to investigate because it
reflects the type of wear that various materials have experienced. Since the Al2618 matrix is softer against the rotating disc
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material, viscous flow in the form of a pin occurs during sliding, causing malleable deformation of the sample surface and
considerable material loss. As shown in Fig. 20 (a), the worn surface of Al2618 alloy has grooves, micro-pits, and a
fractured oxide layer, which would have exacerbated wear loss. The grooves or erosion in Al2618 alloy with different wt.
percent 63 micron B4C composites have decreased with increasing B4C particles, as shown in Fig 20 (b-e), indicating that
there is greater and more resistance to wear loss [33]. Meanwhile, when B4C particles are enlarged, it appears that stress is
transferred to them, strain concentration occurs around them, and the worn surface area has fewer cracks and grooves.

\ ¥
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b V.|
o A

of ‘v ¢ N >
SEM HV: 25.0 kV WD: 16.36 mm VEGA3 TESCAN SEM HV: 25.0 kV WD: 16.17 mm
(a) SEM MAG: 100 x Det: SE SEM MAG: 100 x Det: SE 500 ym

Figure 21 (a-b): Wear debris SEM micrographs of (a) Al2618 Alloy (b) Al2618-8 wt. % B4C composites with 63 micron particles.

Fig. 21 (a) depicts debris created by Al2618 aluminium alloy wear. The size of the debris produced by the wear mechanism
illustrates the level of wear suffered by the Al2618 alloy. Because the extended layers formed by the worn surface could
not withstand the enormous load, they were dragged and hurled out in the form of thin plates. The ductility of the test
sample was responsible for the formation of these thin extended mechanical layers. In Fig 21, wear debris of Al2618 alloy-
8 wt % 63 micron B4C composites can be visible as particles crushed between the test pieces and revolving disc (b). Small
particles, such as shards pushed out of the pin, show less wear in the wear debris of B4C -based composites (test piece). In
comparison to Al-B4C composites, the size and type of debris in Al2618 alloy explains the level of wear.

CONCLUSIONS

8 wt. percent. The SEM micrographs show that the B4C particles are dispersed uniformly in the Al2618 alloy. The

EDS study exposed the occurrence of B4C particles in manufactured composites, and the XRD patterns of
Al2618 alloy containing 8 weight percentages of B4C composites were examined. The presence of B4C phases in the
Al2618 alloy matrix is confirmed by XRD investigation. The theoretical and actual densities of Al2618 alloy with 2, 4, 6,
and 8 wt. percent B4C composites reduced with the insertion of B4C particles in the matrix alloy. B4C reinforced
composites hardness; UTS, YS, and compression strength have increased with a slight increase in ductility. The various
fracture mechanisms of the base alloy Al2618 alloy and produced composites were revealed by fractographic analysis of
tensile ruptured surfaces using SEM. The wear resistance of Al2618 alloy has been improved by the addition of B4C
particles. The worn surface morphology and wear debris of Al2618 alloy and B4C composites reveal a variety of wear
mechanisms.

T he stir cast route effectively produces the Al2618 alloy with 63 micron sized B4C particles MMCs with 2, 4, 6, and
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