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Abstract. In the present work, fabrication of metal matrix composite of aluminium alloy A380 reinforced with

0.5, 1 and 1.5 weight percentages of nano boron carbide through mechanical stirring and ultrasonic treatment

processes. Scanning Electron Microscopy (SEM), Back Scattered Electron Detector (BSE) and energy-disper-

sive X-ray spectroscopy (EDS) are used to characterize fabricated composites. Furthermore, tensile, hardness

and wear tests are performed to compare the mechanical and wear properties of prepared samples. It is found

that UST is an efficient process as compared to MS for refining the microstructure of base alloy and fabricated

composites. Also, the reinforced particles are efficiently and uniformly distributed in the ultrasonic treatment

process. The improved properties of the ultimate tensile strength (UTS) and hardness observed at A380/1nB4C

as 57%, and 35% respectively and wear of the fabricated composites samples is less as compared to the base

alloy.

Keywords. Nanocomposites; Aluminium A380; Boron Carbide; Ultrasonic Treatment; Mechanical Stirring;

Wear.

1. Introduction

The demand for low cost, lightweight and quality products

is increasing and aluminium and its alloys play a key role to

meet the current scenario demands. Aluminium alloy A380,

is widely used in the manufacturing and die casting

industries due to its lightweight and remarkable properties

of good fluidity, resistance to hot cracking and wear. Also,

it is used in a variety of applications in the automotive

industries for the manufacturing of brake casting, gear

cases, cylinder head and engine blocks. To fulfil market

demands, the materials must provide better mechanical

properties, which are difficult for a monolithic material and

alloy. To achieve improved mechanical and tribological

properties, aluminium metal matrix composites (AMMC)

are promising materials for automobile, aerospace, struc-

tural, military, and marine industries. AMMC provides high

strength to weight ratio, high hardness, high compressive

strength, low coefficient of thermal expansion, improved

wear and corrosion resistance properties as compared to

aluminium alloy. Further to enhanced properties, the

ceramics particles are added as reinforcement in the alu-

minium metal matrix. The common reinforcements are

alumina, SiC, TiC, Fly-ash, red mud, and rice husk. Fur-

thermore, B4C reinforcement is a promising ceramic for the

aluminium metal matrix. This is because B4C possesses a

broad spectrum of applications due to its excellent material

properties like high hardness, low specific gravity, chemi-

cally stable and high elastic modulus. Also, the mixing,

distribution and particle size of reinforcement play an

important role in metal matrix composite [1–5].

In order to achieve proper mixing conditions, many

researchers used the stirring process. Garcia-Rodrı́guez

et al [6] analysed the flow patterns to identify the better

conditions for using mechanical stirring for the distribution

of particles and to achieve homogeneous mixing. The

parameters like mixing time, stirring speed (100 to 1200

rpm), impeller angle (0�, 15� and 30�), vortex height and its

behaviour in different fluids play a vital role. The pro-

cessing parameters are used to achieve higher mixing and

distribution efficiency. In other studies, the proper mixing

of the reinforcement in molten metal is achieved with the

mechanical stirring process [7, 8]. Aurandi et al [9] used the
stir casting two-step addition method for Al 6061 and 5,*For correspondence
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7 wt.% of B4C particles with K2TiF6 to avoid agglomera-

tion and improved wettability. LI et al [10] used modified

vacuum mechanical stirring equipment for 31% mass

fraction of B4C as reinforcement in AA6061 aluminium

matrix. This study demonstrated the uniform distribution of

particles and less porosity occurred in vacuum casting as

compared to casting at atmospheric pressure. In industrial

conditions, processes are used under atmospheric pressure

because in vacuum casting there is the size limitation of

cast product and if large casting produces with vacuum

casting the cost of the product will be high. Park et al [11]
used stir casting and an automated quantification technique

for dispersion of reinforcement in the aluminium matrix.

In order to achieve the proper mixing and enhanced

mechanical properties, other processes are also used. Alba

et al [12] used ultrasonic processing to study melt degas-

sing and structure modification in aluminium alloys.

Ultrasonic processing reduced the porosities and achieved

the refined grain structure of alloys. Singh et al [13] pre-
pared a hybrid nanocomposite of Al 7075 with alumina and

graphite as reinforcement materials using stir and ultra-

sound-assisted casting methods. Miranda et al [14] studied
mechanical properties of composite LM24 as matrix

material and Cu-carbon nanotube as reinforced with ultra-

sonic cavitation process. They reported that the ultimate

tensile strength and yield strength of composite improved

with a decline in elongation. In other studies, the effect of

the ultrasonication process is studied on composites of

aluminium and its alloy with B4C at different weight per-

centages. They reported that proper mixing and distribution

of B4C particles are achieved with the use of an ultrasonic

process [15–17]. Sun et al [18] studied the microstructure

and mechanical properties of pure aluminium and silicon

carbide in the form of particulate of diameter (4.7, 16.7,

39.1 and 70.7 lm) composite using powder metallurgy

process. They reported that with the reduction in the size of

SiC particulate, tensile strength and yield strength of fab-

ricated composite improved. The authors in other studies

are also suggested a cavitation-based high-intensity ultra-

sonic process for the distribution of nanoparticles in metal

melts to achieve promising results [19–21].

Many methods are used for the fabrication of AMMC

such as mechanical alloying [22, 23], high energy ball

milling [24], powder metallurgy, spray deposition and laser

deposition, etc. The above solid-state methods are expen-

sive, energy-consuming and have limitations of size and

complexity in parts [25]. Mechanical stirring process is low

cost, simple operation and no size limitation in parts fab-

rication mostly used as liquid state method. Further, the stir

casting process uniformly distributes micro size particles

Figure 1. Experimental set-up used in this study: (a) Mechanical stirring set-up, (b) impeller position during MS processing, (c) Mold

and (d) Ultrasonic treatment set-up.

Table 1. Chemical composition of initial A380 ingot.

Si Cu Fe Mg Mn Ni Zn Pb Sn Ti Others Al

8.58 3.28 0.915 0.086 0.287 0.059 1.631 0.088 0.031 0.031 0.053 84.99
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efficiently [16] and there is the formation of the cluster [26]

with the reduction in reinforced particles size. After going

through the literature it is observed that the quantity of

reinforced material is high in matrix material due to which

many issues like non-uniform particles distribution and

particles agglomeration raised [27–29]. Using high quantity

reinforcement, the manufacturing cost of the product is

increased which includes the cost of reinforced particles

and post-processing cost. Furthermore, to overcome these

issues in the casted samples less quantity of reinforcement

and ultrasonic treatment is the possible solution. The pur-

pose of this work is to fabricate A380/nB4C composites

through mechanical stirring (MS) and ultrasonic treatment

(UST) processes using less quantity of reinforcement.

Table 2. Composition and characterization of nB4C particles.

Name Formula colour Form

Molecular weight

(g/mol)

Melting point

(�C)
Particles size

(nm)

Purity

(%) B C Others

Boron

carbide

B4C Black Powder 55.251 2763 \100 99.9 77.98 21.92 0.1

Figure 2. Images from the A380 ingot: (a) selected Optical Micrograph and (b) XRD profile.

Figure 3. XRD profile of received nB4C powder.
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Optical microscope (OM), Scanning electron microscopy

(SEM), Back Scattered Electron Detector (BSE) and

energy-dispersive X-ray spectroscopy (EDS) are used to

characterize fabricated composites. Further, composite

samples are tested for mechanical properties (tensile and

hardness) and wear test at dry sliding condition.

2. Experimental procedure

Samples are cut from aluminium alloy A380 ingot (Century

NF casting, India), as base data values for the fabrication of

the different A380/nB4C composites. Samples of boron

carbide powder are used to characterize nanoB4C (nB4C)

particles supplied by Nano Research Elements India. The

X-ray profile is used from the X-ray diffractometer (XRD)

(Malvern Panalytical, model: 3rd generation Empyrean) to

analyse the initial composition of aluminium alloy A380

and B4C composition. The optical image of aluminium

alloy A380 is obtained using an optical microscope (OM)

(Leica, model: DM2700M) and the particles size of B4C

powder is measured using a field emission scanning elec-

tron microscope (FESEM) (JEOL, model: JSM7610F).

Samples are prepared for fabrication of A380/nB4C (0,

0.5, 1 and 1.5 wt.%) composites using the mechanical

stirring (MS) set-up as shown in figure 1(a). The mechan-

ical stirrer has a maximum rotation speed of 1000 rpm in

both directions (clockwise and anticlockwise). It consists of

a steel rod and 3 blades impeller of titanium material. The

blades of the impeller are inclined at an angle of 30� with 5

mm thickness, 15 mm height and periphery of 40 mm. The

impeller is dipped in molten metal up to the one-third

position from the bottom at a rotation speed of 700 rpm

shown in figure 1(b). The second process for ultrasonic

treatment (UST), the ultrasonic setup of make Textsonic

(India), using 20 kHz frequency, 5 kW power and a nio-

bium probe of 250 mm in length and 20 mm in diameter.

The graphite crucible has an outer diameter of 105 mm,

height 127 mm, bottom outer diameter 70 mm and capacity

of 3.7 kg is used for experimentation. The electric muffle

furnace of 3 kg capacity, 5 kW power, with a nichrome

80–20 heating element and 1.83 mm diameter, 10 mm coil

diameter and maximum temperature up to 1000�C (Kan-

thal, UK). Figure 1(d) illustrates the experimental setup

arrangement as used in the present study.

The matrix metal A380 is cut into small pieces and

properly cleaned. The reinforcement particles nB4C are

preheated at 250�C for 2.5 h in a muffle furnace, the mold

is preheated at 350�C and powder samples are prepared for

0% (as reference), 0.5, 1 and 1.5 wt.% nB4C. The matrix

alloy is melted in a graphite crucible and after melting,

samples are prepared using both processes: mechanical

stirring and ultrasonic process, respectively. For the MS,

the mechanical stirrer is introduced in the melted metal up

to the one-third position from the bottom with a stirring

speed of 700 rpm. The preheated nB4C particles are added

with a pouring rate of 1 g/min (approximately) in molten

metal and the stirring process is continued for 10 min, then

samples are fabricated. In the case of the UST, the ultra-

sonic probe is introduced in molten metal to about 10 mm

from the surface. The probe transmits high-intensity ultra-

sonic soundwaves of 15 lm in amplitude and a frequency

of 20 kHz with a power of 2 kW to create the cavitation

effect for 10 min into molten metal. The melted metal

matrix composites are poured in a preheated mold and after

solidification cast samples are prepared following the above

steps.

After, solidification samples are cut and prepared for

characterization and testing. The characterization is per-

formed by SEM, BSE and EDS using field emission scan-

ning electron microscope (FESEM) (JEOL, model:

JSM7610F). The samples prepared according to ASTM

standards are used for measuring mechanical properties:

hardness using Brinell hardness testing machine (B 3000 H,

Saroj), with a steel ball intender of 10 mm diameter and

500 kgf load for 15 seconds dwell time (ASTM E10),

tensile testing samples (ASTM E8) prepared with gauge

length 50 mm, the diameter of reduced section 12.5 mm

and radius of fillet 10 mm. The tensile test is performed on

a computerized universal testing machine (AEC1112-60T,

Ashian engineers). The wear tests are performed on a pin-

on-disc tribometer (DUCOM, Model TR-20LE) at the dry

sliding condition and room temperature 28–32�C. The

samples are prepared in pin form for a wear test of diameter

10 mm and height 30 mm machined from fabricated

composite. EN31 material rotating disc of hardness

63 HRC is used against the stationary pin which is held

normal to the rotating disc surface. Before starting each

experiment, the surface of the pin and the rotating disc is

cleaned using acetone to ensure proper contact between the

pin and disc. The parameters considered for performing the

wear experiments are applied loads of 10, 30 and 50 N,

sliding speeds of 1.25, 2.5 and 3.7 m/s, the constant slidingFigure 4. SEM Image from received B4C powder.
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distance of 1500 m and constant 120 mm sliding track

diameters. In order to calculate the mass loss in the pin, a

weighing machine of 0.01 mg least count is used to mea-

sure the initial and final weight of the pin. The wear in the

form of mass loss on the pin is calculated to subtract the

final weight from the initial weight of the pin. Finally, using

the results from the characterisation and testing, the effect

of fabricating processes and different weight percentages of

nB4C on aluminium alloy A380 is analyzed.

3. Results and discussion

It consists of characterization of the nB4C powder, alu-

minium A380 and fabricated A380/x-nB4C composites

using mechanical stirring (MS) and ultrasonic treatment

(UST). Further, the mechanical properties of Ultimate

tensile strength (UTS) and % elongation (%E), Brinell

hardness (BHN) and wear (in weight loss, g) are observed

of the base alloy and fabricated composites.

Figure 5. Optical images of Alloy A380 (a, b) without any process, (c, d) processed by MS and (e, f) processed by UST.
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3.1 Characterization of A380 ingot and nB4C
powder

The composition of aluminium A380 ingot and the nB4C

powder are shown in tables 1 and 2, respectively. The

bright grey spots in figure 2(a) shows the presence of other

elements with aluminium and it is confirmed from the XRD

profile of ingot A380 as shown in figure 2(b). The peaks at

2h values for Aluminium (Al) are 38.508�, 44.763�,
65.162�, 78.312� (Reference Code 98-005-3774) with

miller indices (111), (002), (022), (113), respectively. Sil-

icon (Si) shown in XRD profile with 2h values of 28.418�,
47.293�, 56.110�, 69.115� (Reference Code-98-005-3783)

and (111), (022), (113), (004) miller indices, respectively.

The presence of Iron (Fe) in A380 is indicated by peaks

with 2h values of 44.484�, 64.729� (Reference Code-96-

901-3475) with miller indices (011), (020) respectively.

The composition of nB4C and carbon is confirmed by the

XRD profile in figure 3, in which higher peaks related to

boron carbide particles and carbon peaks are low in height

and less in numbers. The characteristic peaks with 2h val-

ues of 23.448�, 34.901�, 37.694� (Reference Code-98-061-

2566) and corresponding miller indices are (012), (104),

(101), (021) respectively. The average particle size of nB4C

powder is less than 100 nm (figure 4) and having a

hexagonal structure.

Figure 6. BSE images (a) without any process, (b) processed by MS and (c) processed by UST.

Figure 7. SEM images of selected areas (a, c) A380/1.5nB4C (MS) and (b, d) A380/1.5nB4C (UST).
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3.2 Characterization of A380 and fabricated
composites

Figure 5 represents optical micrographs of aluminium

A380, first the as-cast A380 micrograph (see figure 5(a) and

(b)). Comparing the sample images, the MS process helps

to refine the as-cast A380 structure (figure 5(c) and (d))

however, shows less than the obtained in the casted sample

using ultrasonic treatment as seen in figure 5(e) and (f). The

UST has a considerable effect on the microstructure of the

material due to ultrasonic cavitation as described by Eskin

and Eskin [30]. In the cavitation process at the low-pressure

formation of tiny bubbles occurred and these tiny bubbles

Figure 8. EDS images of (a) A380/1.5nB4C (MS) and (b) A380/1.5nB4C (UST).

Figure 9. SEM images at higher magnification (a) A380/1.5nB4C (MS) and (b) A380/1.5nB4C (UST).

Table 3. Data from the mechanical properties measured.

Sl.

No. Combination Process

UTS

(MPa)

Standard Deviation

(UTS)

Hardness

(BHN)

Standard Deviation

(Hardness)

1 A380/0nB4C Mechanical stirring (MS) 123.5 17.0 64.2 5.4

2 A380/0.5nB4C 168.7 5.6 78.0 1.5

3 A380/1nB4C 176.2 9.3 82.8 3.9

4 A380/1.5nB4C 161.7 2.1 75.0 0

5 A380/0nB4C Ultrasonic treatment (UST) 130.1 19.6 69.5 4.5

6 A380/0.5nB4C 182.7 6.6 81.2 1.4

7 A380/1nB4C 186.5 8.5 83.5 2.5

8 A380/1.5nB4C 178.3 4.4 79.7 0.6
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collapsed with each other at high-pressure conditions pro-

duced a shock wave. The produced wave fragments the

dendrites and refines the microstructure. The authors

describe that the UST helps in the degassing and modifi-

cation of microstructure during the solidification process.

The same effect of the ultrasonic treatment is observed in

the fabricated composite A380/0.5nB4C, as shown by the

phase distribution in the BSE micrograph (see figure 6(c)).

Comparing images in figure 6, the ultrasonic treatment

fragmented and uniformly distributes the intermetallic

compounds formed during solidification (figure 6(c)), fig-

ure 6(b) shows the distribution of intermetallic compounds

processed by MS, this is larger in size and less-uniformly

distributed, however, having a refining effect as compared

to the as-cast A380 seen in figure 6(a). The same effect of

the ultrasonic treatment on intermetallic compounds is

described by Zhang et al [31].
Figure 7 shows SEM images of the nB4C reinforcement

particles, first in the A380/1.5nB4C composite fabricated

using mechanical stirring (see figure 7(a)) and the same

composite using the ultrasonic treatment (figure 7(b)). The

presence of the nB4C is confirmed for both processed

samples with the EDS analysis in figure 8. In the same, it is

observed the characteristic A380 peaks (Al, Si and Cu) and

the Boron (B) and Carbon (C) peaks for the nB4C in the

same images.

From these images and the characterization of the dif-

ferent composites, it is possible to say that there is a dif-

ference in the reinforcement dispersion and distribution due

to the processing method. In general, the MS-processed

composites show larger agglomerations of the nB4C as

compared to the UST-processed composites. As for the

nB4C dispersion, there is also more dispersion of rein-

forcement materials in the UST-processed composites as

compared to MS-processed as seen in figure 7(a), (b),

(c) and (d). Larger magnification images of selected areas

from figure 7 show the difference in the agglomerations’

characteristics due to the MS (see figure 9(a)) and the UST-

Figure 10. (a) samples of Tensile specimens before testing, (b) Tensile specimens after testing and (c) illustration of the effect of the

reinforcement’s percentage on the UTS.

Figure 11. SEM images of fractured tensile specimens from: (a) as-Cast A380, (b) A380/1.5nB4C (MS) and (c) A380/1.5nB4C (UST).
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processed samples (see figure 9(b)), confirming that the

dispersion of the nB4C is more efficient by the UST-

processing.

3.3 Mechanical properties

The different combinations used for fabricating A380/nB4C

composite and tensile and hardness are carried out and

experimental outcomes are represented in table 3. The

ultimate tensile strength and Brinell hardness for base alloy

A380 without any process are 118.5 MPa and 61.7,

respectively.

3.3a Tensile Strength: Figure 10(a) and (b) show tensile

specimens before and after the tensile test respectively.

Firstly, by comparing UTS of samples without any rein-

forcement for ultrasonic treatment and mechanical stirring,

the UST process provides higher values, due to the refined

grains structure achieved in ultrasonic treatment seen in

figure 5(e) and (f), and previously described by Lei et al
[32]. Table 3 shows how the refining in the microstructure

is reflected in the as-cast tensile strength properties. The

ultimate tensile strength (UTS) is improved from as-cast

A380, to about 4% and 10% using the MS and UST

treatments respectively (see figure 10(c)). Improvements

occur in the fabricated composites and can vary because of

the reinforcement percentage, the efficiency in the distri-

bution and dispersion of the reinforcements. fractured ten-

sile samples with different heights in the fractured samples

showing the effect of the distribution of the reinforcements.

Thereafter an increment is expected in the tensile strength

of AMMC due to the presence of harder and stiffer B4C

particles in the matrix material. When the load is applied to

the composites, B4C particles provide more resistance

Figure 12. Higher magnification SEM images of fracture tensile specimens A380/1.5nB4C processed by: (a) and (c) mechanical stirring

and (b) and (d) by ultrasonic treatment.
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Figure 13. Effect of reinforcement on the hardness.
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against plastic deformation due to load transfer from matrix

material to reinforced particles. With the increase in the

wt.% of reinforced particle, the tensile strength of the

composites increased up to a given percentage when the

agglomerations drawnback the reinforcement effect as seen

in figure 10(c) for the A380/1.5nB4C. Furthermore, the

tensile strength of the composite is also increased due to the

thermal mismatch strengthening mechanism. In this

mechanism, the residual stresses are induced in the com-

posite due to the difference in the thermal expansion

coefficient of matrix material A380 (21.8 lm/m�K) and

reinforcement nB4C (5.73 lm/m�K). These residual stres-

ses act as a barrier to the motion of dislocations after the

load is applied. Hence more load is required to move the

dislocations near the induced residual stresses area, which

result in higher tensile strength [16, 33]. Also, fig-

ure 10(c) shows the UTS of the A380/nB4C (0, 0.5, 1 and

1.5 wt.%) composite fabricated by mechanical stirring and

ultrasonic process. For both the processes, the UTS of the

composite increased with wt.% 0.5 and 1.0 and then

decrease at wt.% 1.5 of nB4C. The composite contains

nB4C in wt. 1% provides the highest UTS with the use of

ultrasonic. Equal quantity of B4C particles, UTS for ultra-

sonic treatment is higher as compared with mechanical

stirring.

Figure 11 indicates the brittle fracture cleared from the

facets in large numbers in tensile testing. At 1.5 wt.% of

reinforced particles, the UTS of composite prepared using

Figure 14. Wear vs reinforcement graph (a) MS, (b) UST at different applied load and sliding speed conditions.
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both the processes decreases due to the porosity present in

the composite as shown in figure 11 and the brittle

agglomerations seen in the same images. Figure 12 shows a

larger view of fractured samples of A380/1.5nB4C pro-

cessed by MS and UST. Arrows in these figures help in the

visual comparison between the prominent debonding

behaviour of the MS composites and the more uniform and

smaller debonding occurring in the UST-processed sam-

ples. Examples of the agglomerated reinforcement parti-

cles, the sliding and ductility of the A380 matrix are shown

in the larger magnification images taken from selected

areas in figure 12(a) and (b). Figure 12(c) exhibits less

ductility and larger de-bonded areas, accompanied by large

agglomerations of nB4C reinforcements as compared to the

same features in figure 12(d). Figure 12(d) shows smaller

agglomerations and more ductile areas in comparison

indicating a more homogeneous distribution and dispersion

of the reinforcements. However, as compared to the UST

efficiency, the MS-processed composites exhibit lower

efficiency attributed to the intense stress concentrations that

occurred near particles agglomeration after load applied,

causing the premature fractures and large debonding areas

observed in figure 12(a) for the MS-processed composites.

In general, the elongation percentage is measured to be

less than the 0.95%E (% elongation) for the A380 Ingot.

The decrease ranges from 5 to 11% for the MS-processed

composites. For the UST-processes composites, the reduc-

tion is from 10 to 21%, however, an improvement is

observed and measured in the A380/1nB4C composites at

1.05%E, representing an increase of about 10%. As a result,

the UTS values observed from the fabricated A380/nB4C

composites is much higher than that of base alloy A380

values.

3.3b Hardness: The hardness of the different A380/nB4C (0,

0.5, 1, 1.5%) composites fabricated by MS and UST are

indicated in figure 13. The hardness value of the composite

developed via both processes increases with wt.% 0, 0.5

and 1.0 and then decreases at wt.% 1.5 of nB4C. With the

addition of the nB4C particles in base metal, the hardness of

composite increased due to resistance offered by hard

particles of nB4C. An increment of 4% and 13% is mea-

sured after the initial A380 alloy is processed by the MS

and UST respectively. During the test, while the steel

indenter moves downward, nB4C particles present in the

sample act as a barrier against indentations and show a

higher value of hardness. Figure 13 shows that the hardness

values from the UST cast samples are higher than MS cast

samples for all the wt.% additions of nB4C, however, the

highest values are shown in the A380/1nB4C. Based on the

as-cast hardness the composites� hardness increase up to

33% and 35% in the samples processed by the MS and UST

respectively. Then, the hardness of the composites prepared

using 1.5 wt.% of nB4C particles shows decrement for both

the processes due to the presence of micro-porosities and

the agglomerated nB4C particles.

3.4 Wear behaviour

The wear of the base alloy and fabricated composite is

calculated in weight loss and measured in grams. The

experiments are performed on pin-on-disk apparatus to

evaluate the effect of load, sliding speed and rein-

forcement on wear at dry sliding conditions. The effect

of different loads, sliding speeds and different weight

percentages of reinforced particles for MS and UST

processes are indicated in figure 14. An increase in the

quantity of reinforcement (0.5–1.5 wt.%), the wear for

Figure 15. Wear-reinforcement graphs at different load and

speed conditions (a) Load 10 N, (b) Load 30 N and (c) Load 50 N.
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the composite samples fabricated using MS and UST

processes is reduced with an increase in sliding speed

(1.25–3.7 m/s) and wear increased with an increase in

applied load (10–50 N). Furthermore, with the increase

in applied load and sliding speed, the wear loss for

alloy A380 is more in comparison to fabricated com-

posites because the non-reinforced aluminium alloy is

softer than the reinforced composite. In the case of

composite, at 10 N load, 1.5 wt.% nB4C and sliding

speed of 3.7 m/s attained minimum wear in case of UST

process as shown in figure 14(b). The highest wear is

occurred at a sliding speed of 1.25 m/s, applied load of

50 N and 0.5 wt.% nB4C in MS process as indicated in

figure 14(a). At sliding speeds of 3.7 m/s and applied

load 30 N and 50 N, the wear loss is less as compared

to sliding speeds of 1.25 m/s and 2.5 m/s due to the

formation of the boron oxide layer. With an increase in

load, the base alloy undergoes plastic deformation,

exhibited heavy weight loss at every applied load con-

dition. Further, at a higher applied load, the weight loss

is increased with an increase in sliding speed due to a

rise in temperature at the contact point. The developed

composite exhibited less wear due to resistance offered

by the hard nB4C particles. During the wear test, in the

presence of B4C particles, the composites formed a

mechanically mixed layer (MML), the formed layer

replaced the actual layer of composite to offered resis-

tance against the rotating disk. MML region showed

higher hardness as compared to the non-MML area

[34–36]. The wear comparison for MS and UST pro-

cesses at different wt.% of reinforcement, loads and

speeds is shown in figure 15. At all conditions of

applied load (10–50 N), sliding speed (1.25–3.7 m/s)

and reinforcement (0.5–1.5 wt.%), UST processed fab-

ricated composites show better wear resistance as

compared to MS as indicated in figure 15(a), (b), (c).

Figure 16. Optical images at various speed (1.25 m/s, 2.5 m/s, 3.7 m/s) and load (10 N, 30 N, 50 N) (a, b, c). Base alloy without any

process (d, e, f) UST (1.5 wt.% nB4C), (g, h, i) MS (1.5 wt.% nB4C).
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3.5 Analysis of wear surfaces

The optical microscopic images of wear surfaces for base

alloy and fabricated composites are shown in figure 15. It is

cleared from Figure 16(a), (b), (c) base alloy showed

abrasive and adhesion wear with increased in applied load

and sliding velocity. At applied load 10 N and sliding speed

1.25 m/s, the base alloy exhibited abrasive wear and with

an increase in load (30 N, 50 N) and speed (2.5 m/s, 3.7 m/

s) adhesion wear is more as compared to abrasive wear. In

the case of composite, the abrasive wear is dominating as

compared to adhesion wear fabricated using MS and UST

processes. In composite, when the applied load (10–30 N)

and speed (2.5 m/s, 3.7 m/s), the grooves are formed on the

surface, which proved abrasive wear for both the fabricated

processes (figure 16(d), (e), (g), (h)). When applied load is

50 N and speed 3.7 m/s the composite fabricated using MS

showed more adhesion wear as compared to UST processed

composite as indicated in figure 15(f), (i).

4. Conclusions and future scope

Aluminium A380/x-nB4C metal matrix composites are

fabricated via mechanical stirring and ultrasonic treatment

processes and the microstructure, wear and mechanical

properties of the composites are investigated. The follow-

ing conclusions are presented from this analysis.

• The microstructure of samples is found to be more

refined in the UST process as compared to MS. The

reinforced particles are efficiently and uniformly

distributed in UST processed.

• The highest values of UTS are achieved at A380/

1nB4C particles via ultrasonic treatment. The lowest

UTS is found in the A380/1.5nB4C composites fabri-

cated by mechanical stirring; this reduction is attrib-

uted to the large agglomerations of reinforcement

particles.

• The hardness values are higher for both processes (MS

and UST) as compared to the base metal.

• The wear of fabricated composites and the base alloy is

increased with applied load and show a reverse effect

with an increase in the quantity of reinforcement and

sliding speed.

• Ultrasonic treatment is an efficient process as com-

pared to mechanical stirring to achieve enhanced

mechanical properties.

The present research work is done for a specified time

(10 min) using an ultrasonic treatment process. The future

scope of this research work will be to perform the experi-

ments at different timings with ultrasonic treatment (UST)

and weight percentages in the route to optimize the per-

formance of these composites. Finally, to determine con-

stants for tailoring the properties for specific industrial

applications.
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