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Abstract

The current study involves the production of composites
consisting of AI12005 alloy and B4C using a liquid metallur-
gical technique. The AI2005 alloy is employed to fabricate
composites with 4 and 8 weight percent of B4C particles.
The microstructure of the produced composites is examined
utilising Scanning Electron Microscopy (SEM) and Energy
Dispersive X-ray Spectroscopy (EDS). The density, hardness,
ultimate strength, yield strength, and elongation are assessed
according to the ASTM ES§ standard for tensile testing and
the E10 standard for hardness testing. The consistent distri-
bution of B4C particles throughout the AI2005 alloy is vali-
dated by SEM. EDS analyses indicate the existence of BsC
particles within the AI12005 alloy. The incorporation of light-
er B4C particles into the matrix diminishes the density of
aluminium alloy composites. The incorporation of particles
results in an improvement in the hardness, ultimate tensile
strength, and yield strength of the AI12005 alloy by 33.73 %,
36 %, and 41.84 %, respectively. The tensile fractured micro-
graphs offer additional proof of the distinct fracture charac-
teristics shown by the AI2005 alloy and its composites.

INTRODUCTION

Composite materials are synthesised through the combi-
nation of two or more materials that possess separate prop-
erties and are incapable of dissolving into one another. Com-
posite materials are created by mixing elements with distinct
characteristics, resulting in a distinctive property that sur-
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Izvod

U ovom radu bavimo se istrazivanjem proizvodnje kom-
pozita od legure AI12005 i B4C primenom metode metalurgi-
je u tecnom stanju. Legura AI2005 se uvodi za izradu kom-
pozita sa 4 i 8 tezinskih procenata Cestica B4C. Mikro-
struktura proizvedenih kompozita se ispituje skening elek-
tronskom mikroskopijom (SEM) i energetskom disperziviom
rendgenskom spektroskopijom (EDS). Gustina, tvrdoca, zatez-
na c¢vrstoca, napon tecenja, i izduzenje se odreduju prema
standardu ASTM ES8 za ispitivanja zatezanjem i prema stan-
dardu E10 za ispitivanje tvrdoce. Nepromenljiva raspodela
B4C Cestica unutar legure AI12005 se proverava SEM. Analize
EDS ukazuju na postojanje B4C Cestica unutar legure AI12005.
Uvodenjem lakih cestica B4C u matricu se smanjuje gustina
kompozita od legure aluminijuma. Prisustvo Cestica dovodi
do poboljsanja tvrdoce, zatezne cvrstoce, i napona tecenja
legure A12005 za 33,73 %, 36 % i 41,84 %, respektivno.
Mikrosnimci prelomnih povrsina dobijenih zatezanjem pru-
Zaju dodatni dokaz za uocljive osobine loma kod legura
AI2005 i njihovih kompozita.

passes the individual properties of the constituent materials
1,2/

Constituents maintain their identity while also combin-
ing in a way that produces new traits that are superior to the
sum of their individual parts. As technology continues to
improve, there is an increased need for materials that are
energy-efficient, lightweight, and affordable in the aerospace,
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defence, aviation, automation, and many other sectors /3-5/.
Therefore, the principal applications revolve on reducing
weight while simultaneously preserving improved mechani-
cal and other tribological qualities, for which aluminium
composites are best suited /6, 7/. Aluminium is suitable for
usage because its resistance to corrosion is high as compared
to magnesium and other alloys, especially for aerospace
applications /8, 9/. When its surface reacts with air, it forms
oxides that provide protection against erosion caused by
rubbing between two surfaces in an application. Therefore, it
is often utilised in aircraft applications where it lacks signif-
icant inherent wear resistance. Hence, there is a pressing
want for substantial improvements on its properties /10-13/.

The use of contemporary materials with greater qualities
in the automotive and aerospace industries has led to a steady
advancement of metal composites /14, 15/. A metal compo-
site is made up of reinforcements like ceramics and a matrix
material like metal or an alloy. At the microscopic level,
composites are heterogeneous, yet at the macroscopic level,
they are homogeneous.

The crucial aspect is in the assessment of a material's
macroscopic characteristic, wherein the components pro-
duced by these composites may be seen identified without
the aid of magnification. At a macroscopic level, different
types of materials are joined, such as alloys of metals. These
materials appear to be homogeneous to the naked sight,
meaning that their pieces cannot be distinguished and they
clearly work together /16, 17/.

The fundamental benefit of composites is that a good
design shows off the premium attributes of its constituent
parts. Both naturally occurring and man-made composites
exist. Among the former are wood, where lignin serves as
the matrix and is reinforced by cellulose fibres. The human
body is also made up of composites, with soft collagen being
strengthened by bone-salt of calcium and phosphate ions.

Utilising a composite material by integrating two or more
substances requires more effort compared to using conven-
tional monolithic steel and aluminium components. Essen-
tially, these metals and their alloys consistently fail to fulfil
the demands of modern advanced technology. Required
performance is achieved solely through the utilisation of
diverse material combinations. Currently, the aircraft indus-
tries have experienced an increase in acceptability due to
the use of new materials.

Due to their outstanding properties such as low ductility,
good wear resistance, low thermal expansion, good thermal
conductivity, good damping characteristics, and excellent
thermal expansion, aluminium matrix composites (AMCs)
/18-20/ have garnered a lot of attention in recent decades
and are seen as the most promising materials to encounter
the ever-increasing demands of current technology /21, 22/.
For as long as composites have been around, aluminium
and its alloys have been the go-to matrix material. Reasons
for this include the inexpensive production cost of AMCs
and the wide variety of excellent mechanical and thermal
qualities already stated, /23, 24/.

The major reason to choose the boron carbide particles
as a reinforcement particle in the present study is due to its
compatibility with Al alloy matrix /25, 26/. The density of
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AI2005 alloy is 2.80 g/cm? and the density of B4C is 2.52
g/cm?®, which is not too high or low as compared to the
matrix. Further, with the addition of these particles density
of composites will reduce. On the other hand, if one uses
SiC or TiC, the density of these particles is high as com-
pared to the Al2005 alloy, which causes wettability issues
with the matrix /27, 28/. Further, the hardness and Young’s
modulus of B4C are very high as compared to the base matrix
alloy. This high hardness and modulus of the reinforcement
particle helps in enhancing the hardness and tensile strength
of the base material, /29, 30/.

The extant literature indicates that there has been little
research on the use of B4C particles in an Al2005 alloy
matrix, specifically with particle sizes ranging from 80 to
90 microns. The B4C metal matrix composite, based on
aluminium, is fabricated using the stir casting technique. In
the present research to improve the wettability between the
AI2005 matrix and B4C particles, a halide salt K,TiFs is
used. In order to avoid clumping together, B4C particles are
introduced into the aluminium melt in two separate phases.
After being prepared, the AMMC is subjected to various
mechanical testing.

EXPERIMENTAL DETAILS

Materials used

Al2005 can be processed in a subsequent operation.
With a density of 2.80 g/cm® and a melting point of 660 °C,
AI2005 is primarily alloyed with copper. Many industries,
including transportation and aerospace, rely on the A12005
alloy. When it comes to welding, A12005 shines thanks to
its excellent self-healing capacity, strong raised temperature
strength, and excellent corrosion resistance. Table 1 shows
the chemical composition of A12005.

Table 1. Chemical composition of A12005 alloy.

Elements  Si Fe Cu Mg Cr Mn Ti Al

Y% wt. 0.8 070 4.80 0.20 0.10 0.90 0.10 bal.

e 5 9 O\WA 7 L ;_”\‘

\\ 4

WD: 15.36 mm
Det: SE 200 pm

SEM MAG: 200 x

Figure 1. SEM micrograph of 80 to 90 micro sized B4C particles.

Boron carbide, ranging in size from 80 to 90 um, is
acquired from Speedfam Chennai Ltd., India, and is used as
a reinforcing material. Black is the colour of the reinforce-
ment, having a melting point of 3300 °C and a range of
hardness 3100-3600 kg/mm?, the density of reinforcement
particles is 2.52 g/cm?® /31, 32/. Figure 1 shows the scanning
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electron micrograph of B4C particles used to make the metal
composites.

Composites preparation and testing

By using liquid metallurgy, AI2005 alloy with various
weight rates of B4C composites are created. A12005 compo-
site metal pieces weighing a certain amount are placed into
the electric furnace and heated till liquid metal stage. The
temperature of Al2005 compound liquid metal is raised to
750 °C. The correct thermocouples are used to measure and
record the superheating and dissolving temperatures. For
around three minutes, potassium titanium fluoride (K, TiF)
/33, 34/ is used to degas the superheated liquid metal in the
crucible. To blend the metal in the liquid, a shaft stirrer is
utilised in conjunction with a zirconium-coated steel rotor.
For the purpose of creating vortices, the stirrer is spun at a
speed of around 300 rpm while submerged in the crucible's
liquid metal to a depth of approximately 65 %. The molten
metal of A12005 alloy with B4C is stirred for 5 minutes. The
process of blending is prolonged until the overall wettability
of Al12005 composites with particles reaches a certain level at
which interfacial strength is recognised. At that time, the
cast iron moulds with the requisite dimensions are filled
with the liquid metal mixture of A12005 composite and B4C
particulates. Figure 2 indicates the A12005-B4C composites.

Figure 2. A12005-B4C composites prepared.

In order to determine whether the A12005 alloy contains
a uniform distribution of reinforcing B4C particles, a SEM
analysis is performed on the specimen after casting. A12005
alloy and A12005-B4C composites have their microstructures
photographed. The microstructure specimen has a 15 mm
diameter and a 5 mm height. Paper with grits ranging from
300 to 1000 is used to grind the surface of the sample. After
that, the surface is polished using polishing paper with a
thickness of 3 um to get an even smoother finish on the
polishing machine.

To conduct the hardness test, the specimen is prepared
by grinding it in line with the ASTM standard E10 /35, 36/.
A Brinell hardness tester is employed for the purpose of
quantifying hardness. The sample exhibits a smooth and
impeccable surface. Upon exerting a force of 250 kg on the
specimen, a 5 mm depression is created by a ball. The spec-
imen's surface exhibits five depression marks which are
subsequently analysed.

The optical microscope is used to inspect the specimens'
indent marks in order to calculate their hardness values using
the given relation.

BHN=

2P
zD(D—-+D*-d*)
where: P (kg) is load; D (mm) is diameter of steel ball; and
d is size of indent.
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To analyse tensile properties of Al2005 alloy and B4C
reinforced composites, it is necessary to use specimens pre-
pared following the guidelines specified in ASTM standard
ES8 /37, 38/. To obtain the most accurate findings, the tensile
strength is tested by using three specimens. In order to exam-
ine the response of A12005-B4C composites to unidirectional
tension, assess the influence of uniform distribution, and
determine the tensile strength, a computer-controlled tensile
machine is utilised. The tensile sample is 104 mm in total
length, with gauge length of 45 mm and gauge diameter of
9 mm. The tensile test is used for evaluating the maximum,
yield, and elongation strengths of cast alloys and compo-
sites. Figure 3 exhibits the tensile test specimen.

Figure 3. Tensile test specimen.

RESULTS AND DISCUSSION

Microstructural analysis

SEM microphotographs in Fig. 4a-c display composites
that have been strengthened with 4 to 8 wt.%. B4C particles.
Figure 4a displays a SEM of the AI2005 alloy. The lack of
particles is indicated by pristine grain boundaries. The micro-
graph does not exhibit any discernible voids or casting defects.
Figures 4, b and ¢, display microphotographs of composites
containing A12005-4 % B4C and A12005-8 % B4C, in respect.

e = N I et

WD: 16.70 mm
Det: SE

SEM HV: 25.0 kV
SEM MAG: 500 x

.
L VEGA3 TESCAN

Det: SE 200 pm

SEM HV: 30.0 kV
SEM MAG: 300 x

WD: 14.22 mm
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Figure 4. SEM microphotographs of: a) A12005 alloy; b) A12005,
4 wt.% of B4C; c) Al12005, 8 wt.% of B4C composites.

The micrographs clearly show that B4C particles are pre-
sent in reinforced composites at 4 and 8 wt.%. The innova-
tive two-step casting method used to create the composites
ensures that the particles do not clump together or agglom-
erate. In addition, the microstructure surface of A12005 com-
posites with 8 wt.% B4C comprises a greater number of B4C
particles dispersed throughout the matrix A12005 alloy.

Figure 5 displays the EDS analysis of composites that are
reinforced with Al2005 alloy and include 8 wt.% of B4C
particles. Figure 5 (top) clearly illustrates that Cu is a promi-
nent alloying element in the AI2005 alloy, along with Fe,
Mn, and Zn. Additionally, Figure 5 (bottom) displays EDS
spectra of composites strengthened with A12005 and 8 wt.%
B4C particles. The existence of boron and carbon particles
in the Al12005 alloy is identified using the spectrum of EDS.
The presence of B and C elements, along with Zn, Fe, Cu,
Mn, and Si, confirms the integrity of the casting procedure
employed in the production of the composites.
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Figure 5. EDS analysis of A12005 alloy (top); Al12005, 8 wt.% of
B4C composite (bottom).
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Hardness measurements

Table 2 and Fig. 6 show hardness values of A12005 alloy,
AI2005- 4, and 8 wt.% of B4C reinforced composites. As
the plot shows, the hardness of A12005 alloy improves from
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4 to 8 wt.% B4C particles. The hardness of the AI2005 is
67.77 BHN, but it increases to 80.36 and 90.18 BHN after
adding 4 and 8 wt.% of B4C particles, in respect. A hardness
enhancement of 24.85 % is seen in B4C composites with an
Al2005 alloy content of 8 wt.%. Because of the hard B4C
particles present in the flexible matrix, the hardness of
AI2005 alloy is enhanced. Incorporating B4C particles of
3500 BHN into a soft matrix helps to increase the hardness.
As a result of dislocation density caused by the thermal coef-
ficient mismatch between Al2005 alloy and B4C particles,
this procedure also increases straining in the composites /39,
40/. The composites get harder due to the strain hardening.

Table 2. Hardness of A12005-B4C composites.

. BHN with Improvement
SI No. Materials standard deviation (%)
1 AI12005 alloy 67.77 £1.38 ---
2 Al2005 - 4 wt.% BaC 80.36 £0.98 15.66
3 AI2005 - 8 wt.% B4C 90.18 £0.89 24.85
100
80
60
z
i 40
"
H
[
T 20
o
T

0 4
Weight Percentage of B,C Particles

Figure 6. Hardness of B4C reinforced Al12005 alloy composites.

8

Tensile properties

Figure 7 and Table 3 show the consequence of B4C on
strength of AI2005 alloy. The strength is upgraded as the
wt.% of B4C particles in the soft A12005 matrix increases,
as shown in Fig. 7. Al2005 alloy has an ultimate tensile
strength (UTS) of 207.2 MPa. In addition, the UTS of com-
posites of A12005 with 4% B4C is 247.7 MPa, and with 8%
B4C is 272.8 MPa, in respect. The addition of 8 wt.% B4C

300

I Il Ultimate Tensile Strength

250

200 -

150

100 -

Ultimate Tensile Strength (MPa)

50 1

0

4
Weight Percentage of B,C Particles

Figure 7. UTS of boron carbide reinforced A12005 alloy
composites.

8
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particles ranging in size from 80 to 90 microns improves the
UTS of AI2005 alloy by 24 %.

Table 3. Ultimate strength of A12005-B4C composites.

S1 Materials UTS (MPa) with Improvement
No. standard deviation (%)

1 AI2005 alloy 207.20 £ 1.73 -

2 AI2005-4 wt% of BaC  247.71 £2.01 16.35

3 AI2005 -8 wt.% of BsC  272.84 + 1.60 24.05

In Fig. 8 and in Table 4 are the effects that B4C particles
have on the yield strength of AI2005. Figure 8 shows that
the strength of Al12005 is enhanced with an increase in the
wt.% of B4C particles in the Al matrix. At 173.3 MPa, the
AI2005 alloy yields its full strength. In addition, the YS of
composites made with AI2005 and 4 wt.% B4C is 212.8
MPa, while that of composites made with 8 wt.% B4C is
237.9 MPa. The addition of 8 wt.% of B4C particles ranging
in size from 80 to 90 um improves the YS of AI2005 alloy
by 27.14 %.

250
BN Yield Strength

200 A

150

100

Yield Strength (MPa)

50 4

0 4 8
Weight Percentage of B,C Particles

Figure 8. YS of B4C reinforced AlI2005 alloy composites.
Table 4. Yield strength of A12005-B4C composites.

Sl Materials Yield strength (MPa) Improvement
No. with standard deviation (%)

1 Al2005 alloy 173.33 £0.80 -—-
2 Al2005- 4 wt.% B4C 212.80£1.76 18.57
3 AI2005- 8 wt.% B4C 23791 £1.64 27.14

Plots 7 and 8 demonstrate that the inclusion of 4 and 8
wt.% of minuscule B4C particles into the AI2005 alloy result
in an increase in its ultimate and yield strengths, respectively.
Incorporating B4C into the matrix enhances the tensile
strength of the Al alloy. Due to the particle's hardness, the
matrix material becomes more fragile and is able to endure
higher directed loads. Within the realm of composites, these
resilient particles function as load-bearing elements, hence
enhancing the strength of the composites. Furthermore, as
per the Hall-Petch strengthening mechanism, the incorpora-
tion of minuscule particles into the aluminium matrix leads
to a decrease in grain size. Consequently, the strength of the
composites is enhanced. The presence of density dislocations
in the A12005 alloy is attributed to the significant difference
in expansion coefficients between the alloy and B4C parti-
cles, as explained by the Orowan principle /41, 42/. Strain
hardening takes place in the Al-B4C melt due to the pres-
ence of density dislocations, resulting in enhanced strength.

INTEGRITET I VEK KONSTRUKCIJA
Vol. 26, br.1 (2026), str. 109-116

Figure 9 shows the ductility of A12005 and A12005 alloy
composites reinforced with 4 and 8 wt.% of B4C particles,
respectively. The graph shows that the ductility of the matrix
drops as the percentage of B4C particles rises. The presence
of hard B4C particles in the matrix is responsible for the
decrease in ductility. The material is able to resist further
elongation due to the significant multidirectional stresses at
the interface of the Al2005 alloy and B4C. Thanks to the
strong bonding between Al and B4C particles, the applied
load is effectively transferred to the evenly distributed micro
B4C particles, and the overall performance is improved. All
things considered, the A12005 alloy-8 wt.% B4C composites
exhibit lower elongation than the base amalgam and 4 wt.%
B4C particle reinforced composites.
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Figure 9. Elongation (%) of B4C reinforced A12005 alloy composites.

Tensile fractography

The SEMs of fractured surfaces of AI2005 and Al2005
with 4 and 8 wt.% B4C composites are shown in Fig. 10a-c.
The tensile fracture micrographs show that the matrix alloy
and B4C reinforcement are well-bonded. Figure 10a shows
the fractured surface of Al2005 alloy taken at 500x magni-
fication. The visible grains on the cracked surface of the cast
alloy indicate a ductile fracture.

Also, the fractured surfaces of A12005- 4 wt.% B4C and
AI2005- 8 wt.% B4C composites can be seen in Fig. 10b-c.
The micrographs show that the composites become more
brittle with increasing amounts of B4C reinforcement. The
surface of tensile fractured A12005- 4 wt.% B4C composites

S s =-

SEMHV:300kV | WD:14.82mm

SEM MAG: 500 x | Det: SE | 100 pm
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Figure 10. SEM images of tensile fractured surfaces: a) A12005
alloy; b) Al12005, 4 wt. % B4C; c) Al12005, 8 wt. % B4C composites.

shows this increased brittleness clearly. This brittle fracture
also occurs in tandem with the composites' elongation. There
is a decline in composite ductility with increasing wt.% of
B4C particles, as mentioned in the elongation section.

Compression strength

Figure 11 and Table 5 show the compression strength of
Al2005 and AI2005 composites with 4 and 8 wt.% B4C, in
respect. The plots show that the compression strength of
AI2005 is strengthened by the hard particle phase, and that

800 1 | BXX Compression Strength

600

400 A

200 +

Compression Strength (MPa)

0 ¢
0 4 8
Weight Percentage of B,C Particles
Figure 11. Compression strength of boron carbide reinforced
Al2005 alloy composites.
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this enhancement continues as the weight percentage of B4C
particles grows. Compressive strength is a reliable indicator
of the strength of carbide or oxide particles in ceramics
because of their naturally hard character, /43, 44/. Because
of the addition of B4C particles, which greatly refine the
grains, the presence of uniformly distributed tougher com-
ponents, and the dislocations caused by modulus mismatch
and thermal expansion coefficient, Al-B4C composites are
very strong. Findings from Fig. 11 show that compressive
strength is significantly affected by the B4C content. This
proves what is already known: that B4C particles enhance
Al-B4C composites.

Table 5. Compression strength of A12005-B4C composites.

S1 . Comp. strength (MPa)  Improve-
No. Material with standard deviation ment (%)

1 Al2005 alloy 565.06 +4.69 -

2 AI2005-4 wt.% B4C 688.32 +3.00 17.91

3 AI2005- 8 wt.% B4C 770.35 £4.41 26.65
CONCLUSIONS

Al12005 alloy with 4 and 8 wt.% of B4C composites are
produced by stir casting and the following conclusions are
made.

Microstructures of the produced A12005 and A12005 com-
posites with 4 and 8 wt.% B4C are examined by SEM and
EDS.

SEM micrographs and EDS confirm the presence and
distribution of B4C micro particles in the A12005 alloy.

The AI2005 alloy with 8 wt.% B4C composites has a
24.85 % increase in hardness.

In addition, the ultimate, yield, and compression strengths
of A12005 alloy are increased by 24 %, 27 %, and 26.6 %,
respectively, with the addition of 8 wt.% of carbide parti-
cles.

By adding 4 and 8 wt.% of carbide particles, the ductility
of the aluminium alloy is reduced.

Ductile mode fracture is seen in A12005 material on frac-
tured surfaces of tensile specimens. Additionally, brittle
mode of fracture is noted in the composites as the reinforc-
ing amount increases to 8 wt.%.
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