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Abstract
In this research, ultrasonic cavitation assisted stir casting was used to nano 

boron carbide particles (nB
4
Cp) into the matrix of AA5128 at weight percent-

ages of 0%, 0.6%, 1.2%, 1.8%, 2.4%, and 3.0%. A scanning electron microscope 
(SEM) was used to analyze the distribution of the reinforcing particles throughout 
the material. By adding 1.8% nB

4
Cp, the nanoparticles began to aggregate and no 

longer distributed uniformly was found. An increase in mechanical characteristics 
was seen after adding 1.8% nB

4
Cp, and this increase was followed by a decrease. 

With only a 1.8% nB
4
Cp addition, AA5128 is able to boost its tensile strength, 

micro-hardness, elongation percentage, impact strength and corrosion rate by 
189.24%, 49.65%, 50.79%, 74.35%, and 40.16% compared to pure AA5128 alloy, 
respectively. The addition of only 1.8% nB4Cp has been shown to raise the coeffi-
cient of friction by 15.33%, resulting in a 28% increase in wear resistance. The 
characteristics tend to degrade when more than 1.8% by adding nB4Cp, as the 
nB4Cp particles begins to cluster, reducing the material’s effective surface area.

Keywords
Nanocomposite, Ultrasonic cavitation, Corrosion resistance, Micro-hard-

ness,Tensile strength, Wear

Introduction
By including hard stages of particles, typically carbon or ceramic-based 

materials, metal matrix composites show potential as a technique to improve the 
mechanical behavior of lightweight metals at room and higher temperatures [1]. 
Many industries, including electronics, transportation, aerospace, and even biolo-
gy, stand to benefit economically from the use of nanocomposites. Nanocompos-
ites are multiphase, solid-state materials with at least one domain or phase that is 
on the nanometer scale [2]. A material’s qualities, including its tensile strength, 
thermal conductivity, and electrical conductivity, are vastly enhanced when 
nanoparticles are included into the material. The ultrasonic cavitation method is 
the most adaptable and suitable way for improved dispersion of reinforcements 
among the current possibilities for fabricating nanocomposites. Authors [3] de-
veloped an nB

4
Cp (1% wt.) strengthened AA7150 based nanocomposite using 

a blend of double stir casting, vortex, and ultrasonic vibration. Grain refinement 
and uniform nanoparticle distribution are responsible for this unique method’s 
success in increasing tensile strength by 26.05% and micro-hardness by 10.85%.
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AA5128 has not been extensively studied, according to a survey 
of the relevant literature. Ultrasonic cavitation-stir casting was 
used to produce an aluminum-based nanocomposite, and its 
mechanical, corrosion, and wear behavior was studied in line 
with ASTM standards. The objective of this research was to 
characterize the final nanocomposite and determine the 
nB4Cp reinforcing percentage that would yield the best results. 
The novelty of this research is in the novel ultrasonic cavitation 
method used to create cast specimens of the nanocomposite and 
the determination of their mechanical properties. In addition to 
mechanical tests, the cast nanocomposite subjected to tests for 
wear and corrosion in accordance with ASTM specifications. 
SEM images reveal the distribution of reinforcing phases 
inside the aluminum matrix and the influence these phases 
have on the characteristics of nanocomposites. To increase its 
strength, nB

4
Cp is best reinforced with AA5128 at a specific 

weight fraction.

Materials and Method
Materials

AA5128 has an average level of machinability, reasonable 
fatigue strength in comparison to various steel materials, and 
a lesser corrosion resistance than other aluminum alloys [17]. 
AA5128 is a non-weldable aluminum alloy that ranks among 
the strongest of the metal’s series varieties. Due of its poor 
fracture toughness in the T6 state, it finds widespread use in 
applications requiring cryogenic cooling. The chemical com-
position of AA5128 is listed in table 1. Figure 1 shows SEM 
micrograph of as-received AA5128 alloy microstructure. The 
EDX (Energy dispersive X-ray spectroscopy) spectrum pro-
vides a visual representation of the elemental composition, 
confirming the substance to be aluminum-based alloys with 
numerous trace elements present. The peak location changes 
of AA5128 depending on the materials used to create it.

Reinforcing material

nB4Cp are a remarkable ceramic with very high melting 
point, low density, and great toughness, in addition to being 
extremely corrosion-resistant and stable in a wide range of 
chemical conditions. Its uses in thermal management and 
electronics are only set to grow due to its high thermal con-
ductivity and low electrical conductivity. Figure 2 shows the 
EDX spectrum and microstructure. Here, B

4
C nano powder 

with a particle size between 45 and 65 nm was used. In the 
automotive and aerospace industries, the produced light-

Tensile strength, impact strength, and ductility were all 
improved in nanocomposites with 6% nB

4
C reinforcement 

compared to micron-sized B
4
C reinforced particulate 

composites [4]. This was in addition to a possible 8% 
improvement in pliability. nB

4
C- reinforced aluminum A356 

was developed by authors [5] by adding 1% wt. magnesium 
and 0, 0.10, 0.15, 0.20, 0.25, and 0.30 wt.%. B

4
C to an 

aluminum alloy melt. Researchers found that 0.25 wt.% nB
4
C 

reinforcement provided the optimum mechanical properties 
[6]. With this quantity of reinforcing, the tensile strength, 
impact strength, Brinell hardness, and wear rate are all above 
average: 175.57 MPa, 0.0287 Joules/mm3, 56.54 HBN, and 
1.75 x 105 mm3/mm, respectively.

Powder metallurgy was used by authors [7] to produce 
Ti-6Al-4V, a titanium alloy with varying amounts of nB

4
Cp. 

Maximum density of 93.33% was achieved with a compaction 
pressure of 6.035 MPa. The mechanical qualities of Ti64 alloy 
are improved by the addition of 5% nB

4
Cp composite, as seen 

by the increased hardness and compressive strength of the 
material. Researchers [8] studied the mechanical and wear 
behavior of man-made aluminum-based nanocomposites with 
and without nB

4
C. The results showed that the tensile strength 

and wear resistance may be improved by including 2% nB
4
C. 

Using the compo casting technique, authors [9] found that 
the yield strength, ultimate tensile strength, and hardness of 
the material were greatly enhanced while the ductility of the 
aluminum matrix was not affected.

Authors [10] used the stir casting technique to reinforce 
different quantities of nAl

2
O

3
p in an AA5128 matrix, 

demonstrated that abrasive resistance and mechanical 
strength were significantly increased with the addition of 
nAl

2
O

3
p. Powder metallurgy was used by researchers [11] to 

create a TiAl3 in-situ reinforcement phase in AA5128, and the 
material’s wear performance was examined after additions of 
3%, 6%, and 9% B

4
C. As the percentage of B

4
C in a material 

rises, it becomes harder, denser, and less prone to wear. The 
addition of 1.8% nB

4
Cp significantly boosts impact strength 

and hardness, but any higher concentration has the opposite 
effect authors [12]. This is because the ultrasonic cavitation 
process results in a strengthened microstructure with a uniform 
distribution of nB

4
Cp.

Using nB
4
Cp and nAl

2
O

3
p as reinforcements and 

the squeeze casting and stir casting methods, respectively, 
researchers [13] studied mono and hybrid aluminum 
nanocomposites. The results demonstrate that the tensile 
strength and hardness of the nanocomposite increases up to a 
certain nAl

2
O

3
p level, but then decline as agglomeration sets 

in. Authors [14], who assessed the synthesis of nanocomposites 
via mechanical alloying, provided a thorough discussion of the 
importance of temperature, environment, sintering duration, 
and the features of the material in the sintering process. 
Ultimate strength, micro-hardness, and Young’s modulus were 
all found to rise by 246.6 MPa, 945.2 MPa, and 97.3 GPa, when 
AA6061 was reinforced with nB

4
Cp to generate aluminum 

nanocomposites, however ductility was found to decrease by 
20.8% [15, 16].

Ultrasonic cavitation assisted stir cast nB
4
Cp reinforced 

Table 1: Chemical composition of AA 5128.

Elements Wt.%
Si 0.14
Fe 0.26
Cu 0.03
Mn 0.43
Mg 4.18
Zn 0.02
Ti 0.02
Cr 0.06
Al Bal
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corrosion resistance, alternating current sources are used in 
the electrochemical impedance spectroscopy technique. The 
test was conducted with a NaCl solution containing 3.5% by 
weight. The electrochemical impedance spectroscopy method 
collects impedance information by frequency at a fixed voltage 
in accordance with ASTM standard G106 [23]. A tribological 
meter can be used to measure the rate of wear [24, 25].

Experimental process

Ultrasonic cavitation method was used to incorporate 
B4C nanoparticles into an aluminum matrix during the so-
lidification process seen in figure 3. Liquid-state processing of 
metal matric nanocomposites makes it challenging to achieve 
a homogenous distribution of nanoparticles in the metal ma-
trix, even at low reinforcement volume fractions [26, 27]. This 
is due to the fact that nanoparticles tend to clump together and 
float or settle in the molten metal in the absence of a repulsive 
force.

Dispersing nanoparticles in metal melts using ultrasonic 
cavitation was first used in 2004. Cavitation nuclei have 
been proposed as a mechanism for the dissemination of 
nanoparticles; these would be pockets of air or vapor within 
the clusters themselves. Using acoustic streaming and transient 
cavitation, fine particle clusters can be broken up and dispersed 
more evenly throughout the molten matrix, leading to greatly 
improved wet among the molten metal and elements [28]. 
This is because the micro hotspots in the molten metal are 
heated and the particle surface was cleaned.

The first step in making the nanocomposite involves 
melting 995 g of AA5128 in a graphite crucible at 750 °C 
and then adding 5 g of micro B

4
C powders (0.6 wt.%). The 

percentages of nB
4
Cp added to AA5128 are also similar: 1.2% 

for 990 g of AA5128 with 10 g of nB
4
Cp, 1.8% for 985 g of 

AA5128 with 15 g of nB
4
Cp, 2.2% for 980 g of AA5128 with 

20 g of nB
4
Cp, and 3.0% for 975 g of AA5128 with 25 g 

of nB
4
Cp. When nanoparticles are mixed into the matrix, the 

material’s viscosity increases dramatically, yet the high casting 

weight composite can replace steel and other expensive mate-
rials. Aerospace, military, bicycle components, electronics, and 
sports equipment are just some of the industries that might 
benefit from aluminum-based nanocomposites.

Mechanical characterization

The performance of many alloys and metals is critically 
determined by factors like as grain size, grain structure, sec-
ondary phase distributions, and twins [18]. Microscope exam-
ination of as-polished samples reveals several defects, includ-
ing stringers and inclusions present in materials. These flaws 
serve as potential failure hotspots, thus it’s important to assess 
their size and distribution in order to establish a correlation 
between engineering reliability and material properties [19]. 

Tensile test is typically used to determine the stress-strain 
relationship [20]. The material response to impact stress can 
be revealed by conducting an impact test. The breaking energy 
of the test sample has been determined. The test needs to be 
carried out in accordance with the requirements of ASTM 
E23. It standardizes a material’s mechanical strength to 
ensure that proper safeguards are activated during its actual 
application [21]. The ASTM E384 standard defines micro-
Vickers hardness as the hardness measured with indentation 
weights of less than 1 Kg. However, the size of the indenter 
is more closely associated with the amount of force used [22]. 
Micro-hardness tests typically use loadings between 100 and 
500 g, while loadings as low as 1 g may be used in special 
circumstances.

Corrosion is the deterioration of materials by surface 
chemical reactions due to the presence of a hostile environment. 
While direct current sources are typically used to measure 

Figure 1: SEM and EDX spectrum of AA5128.

Figure 3: Setup for stir casting using ultrasonic cavitation.

Figure 2: SEM and EDX spectroscopy of nano B4C particles.
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temperature (750 °C) keeps the molten charge fluid and able 
to move freely within the mold cavity. Warming an everlasting 
steel die to 600 ºC allowed the charge to be cast into the 
desired shape. The horn is spun at 40 rpm at a frequency of 
20 kH for duration of 30 min; inert gas was not used in 
the casting process. In a stir casting configuration, the stirrer 
speed was adjusted to 500 rpm, and the material was stirred 
for 10 min.

Results and Discussion
Ultrasonic cavitation was used in the present study to re-

inforce different nB
4
Cp weight fractions in an AA5128 ma-

trix for consistent nanoparticle distribution. The percentages 
of weight that were taken into account were 0%, 0.6, 1.2%, 
1.8%, 2.4%, and 3.0%. SEM images of cast nanocomposite 
specimens were used to examine the dispersal of strengthening 
phases in the Al composites. The characterization studies then 
used the ASTM standards.

The number of nanoparticles in a micrograph tends to rise 
with increasing nB

4
Cp content. It was easy to make out the 

grains and grain boundaries. By fusing the nB
4
Cp particles on 

the grain boundaries, the migration of dislocations and boost 
the nanocomposites’ overall quality was limited. Mechanical 
strength, corrosion resistance, and wear characteristics of cast 
alloy and aluminum nanocomposite specimens were evaluated 
using ASTM standards. The obtained results for various 
nB

4
Cp weight fractions in conjunction with a cast AA5128 

alloy are shown in table 2.

The micro-Vickers hardness test was used to measure 
the nanocomposites’ mechanical strength. Micro-Vickers 
hardness increases up to 1.8% wt. of nB

4
Cp, as seen in SEM 

images, due to the increased surface area of nanoparticles, but 
then decreases when a cluster of particles forms farther on. 
Nanoparticles acted as a barrier for dislocations in the matrix, 
leading to an increase in hardness values.

During an impact test, the amount of energy absorbed by 
the material is a good indicator of how well it will hold up to a 
sudden application of force [28]. Figure 4 shows the results of 
impact tests performed on several nanocomposites and as-cast 
alloy, demonstrating that the addition of nB

4
Cp significantly 

improves the nanocomposites’ energy-absorbing ability. 
Nanocomposites with 1.8% wt. nB

4
Cp were shown to absorb 

energy at a higher rate than those with lower concentrations 
of the material. The energy absorption of nB

4
Cp reinforced 

samples is greater compared to that of a cast specimen.

Figure 5 displays the tensile strength of many 
manufactured nanocomposites. Authors discovered that the 
tensile strength of as-cast AA518 was improved by the addition 
of nB4Cp owing to the appropriate bonding of reinforcing 
particles. The Orowan strengthening process is responsible 
for this improved deformation resistance. The nanoparticles’ 
even distribution increase tensile strength. The increased tensile 
strength can be attributed to the stronger interfacial bonding 
made possible by the nanoparticles’ increased surface area. 

Table 2: Mechanical characteristics of manufactured nanocomposites.

Composition code Composition Elongation Tensile 
strength

Impact 
strength Micro hardness CoF Wear Corrosion

Units - % MPa J HV - Microns mm/year
A AA5128 13 112.47 10.7 106.8 0.395 0.376 0.901
B AA5128 + 0.6%nB4Cp 10.6 134.59 15.4 134.5 0.381 0.336 0.735
C AA5128 + 1.2%nB4Cp 9.7 198.76 15.9 142.6 0.368 0.321 0.672
D AA5128 + 1.8%nB4Cp 7.9 300.64 16.7 151.4 0.356 0.312 0.593
E AA5128 + 2.4%nB4Cp 8.6 246.81 15.6 147.2 0.355 0.317 0.531
F AA5128 + 3.0%nB4Cp 9.3 221.09 14.8 143.7 0.352 0.323 0.492

Figure 5: Evaluation of (a) Elongation and (b) Tensile properties of vari-
ous composites.

Figure 4: Comparison of (a) Impact strength and (b) Micro-Vickers hard-
ness of various nanocomposites.

file:
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After 1.8% wt. reinforcement of nB
4
Cp in AA5128, however, 

tensile strength of the material’s often decreases due to the 
nanoparticles agglomerating to form micron-scale particles. 
The results of a tensile test on nanocomposites are shown in 
figure 5 as a percentage of elongation. A greater percentage of 
elongation may be seen in the as-cast specimen, indicating 
more ductility. However, as more nB

4
Cp is added, the composite 

loses ductility owing to increased interfacial bonding between 
the ceramic particles, and the tensile strength increases up 
until about 1.8% nB

4
Cp content. When more nB

4
Cp is added 

to AA5128, the percentage of elongation drops below that 
of solutions with lower concentrations of nB

4
Cp because the 

nanoparticles stick together and form micron-sized particles. 
Two and a half percentage of nB

4
Cp elongation was more 

than that of as-cast AA5128 alloy.

Figure 6 depicts the corrosion behavior of cast metal and 
cast nanocomposites. Corrosion testing was conducted in a 
room temperature, 3.5% NaCl solution for 10 h. The corrosion 
test employs a sweeping potential of 300 mV/min, with a 
starting potential of -300 mV and a final potential of 300 mV. 
Since ceramic nanoparticles are inert and unaffected by the 
corrosive medium, it was shown that the corrosion resistance 
displays a rising trend with nanoparticles inclusion. Corrosion 
in nanocomposites was lower than in as-cast AA518. The 
corrosion potential is demonstrated to be lowest for the 
AA5128 alloy in figure 7, whereas the addition of nB

4
Cp 

particles enhances corrosion resistance and, consequently, 
raises the corrosion potential.

The wear performance of both the fabricated and as-cast 
specimens was put to the test for 10 min using POD equipment 
developed by Ducom at 300 rpm of sliding speed, 20 N of 
applied force, and 2 m/s of sliding velocity. The dimensions 
of the test specimen were 20 mm in length and 8 mm in 
diameter. Data from the equipment’s data acquisition system 
was measured in microns to determine the wear value. The 
wear test outcomes are depicted in figure 8. The wear resistance 
to abrasion is improved up to 1.8 % nB

4
Cp in the aluminum 

matrix, but drops off beyond that due to the decreasing 
hardness and strength of the generated nanocomposites.

As a ratio of frictional force to normal force, the CoF is a 
dimensionless quantity that characterizes the level of friction 
between two surfaces. Sliding occurs with less effort when 
the CoF is low compared to when it’s high. Figure 8 shows 
the enhanced strength and surface area supplied by the nano-
ceramic particles; the addition of nanocomposites often results 
in a lower CoF value.

Conclusions
Characterization of cast nanocomposites generated by 

ultrasonic cavitation-prepared AA5128 matrices with varying 
nB

4
Cp reinforcement weight proportions yielded the follow-

ing conclusions.

•	 It was found that nanoparticles were distributed 
homogeneously in the aluminum matrix, and that 
agglomeration and distinct grain boundaries appeared 
with increasing reinforcement percentage.

•	 Good bonding of micro ceramic particles up to 1.8 
wt.% was the driving force behind the improved 

Figure 6: Resistances to corrosion for as cast and nanocomposites.

Figure 7: Corrosion current density versus potential graph.

Figure 8: Comparison of coefficient of friction (CoF) and wear loss of as 
cast and nanocomposites.
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strength, which is known as the Orowan strengthening 
mechanism. Due to nanoparticle aggregation, tensile 
strength tends to decrease with increased addition of 
nB

4
Cp. A greater percentage of elongation may be seen in 

the as-cast specimen, indicating more ductility. However, 
after nB

4
Cp is incorporated, the composite loses some of 

its ductility as a result of increased interfacial adhesion 
between the ceramic particles.

•	 Due to the larger surface area of nanoparticles, the micro-
Vickers hardness value tends to rise with nB

4
Cp addition, 

up to a weight fraction of 1.8%. Because the nanoparticles 
were located in the grain boundaries, they were able to 
prevent the matrix dislocations from moving in and out, 
hence increasing the hardness values.

•	 Adding nB
4
Cp to the nanocomposites significantly boosts 

their ability to absorb energy. Adding more nB
4
Cp to a 

nanocomposite causes it to lose strength and, thus, reduces 
the energy-absorbing properties of the nanocomposites.

•	 Adding nB
4
Cp to an aluminum matrix increases wear 

resistance up to 1.8%, but the benefits diminish after that 
owing to the reduced hardness and tensile properties of 
the resulting nanocomposites. The CoF value decreases 
when nanocomposites are included because to the 
enhanced tensile properties and increased surface of 
nano-ceramic particles.

•	 Since ceramic particles are inert and unaffected by the 
corrosive medium, they tend to increase resistance to 
corrosion. The corrosion rate of nanocomposites was 
drastically lower than that of as-cast AA5128.
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