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Abstract
Purpose – Composite materials are replacing the traditional materials because of their remarkable properties and the addition of nanoparticles
making a new trend in material world. The nano addition effect on tribological properties is essential to be used in automotive and industrial
applications. The current work investigates the sliding wear behavior of an aluminum alloy (AA) 6061-based hybrid metal matrix composites
(HMMCs) reinforced with SiC and B4C ceramic nanoparticles.
Design/methodology/approach – The hybrid composites are fabricated using stir casting process. Two different compositions were fabricated by
varying the weight percentage of the ceramic reinforcements. An attempt has been made to study the wear and friction behavior of the composites
using pin-on-disc tribometer to consider the effects of sliding speed, sliding distance and the normal load applied.
Findings – The tribological tests are carried out and the performances were compared. Increase in sliding speed to 500 rpm resulted in the rise of
temperature of the contacting tribo-surface which intensified the wear rate at 30N load for the HMMC. The presence of the ceramic particles further
reduced the contact region of the mating surface thus reducing the coefficient of friction at higher sliding speeds. Oxidation, adhesion, and abrasion
were identified to be the main wear mechanisms which were further confirmed using energy dispersive spectroscopy and field emission scanning
electron microscopy (FESEM) of the worn out samples.
Practical implications – The enhancement of wear properties is achieved because of the addition of the SiC and B4C ceramic nanoparticles, in
which these composites can be applied to automobile, aerospace and industrial products where the mating parts with less weight is required.
Originality/value – The influence of nanoparticles on the tribological performance is studied in detail comprising of two different ceramic particles
which is almost new research. The sliding effect of hybrid composites with nano materials paves the way for using these materials in engineering
and domestic applications.
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1. Introduction

Aluminum-based hybrid metal matrix composites (AlHMMCs)
have developed as a significant material for thermal, wear and
structural applications over the past decade. These materials have
found extensive application in the field of automobile and
aerospace owing to superior properties like improved specific
strength and modulus, exceptional low-temperature performance,
low density, chemical inertness and good strength to weight ratio
(Gava et al., 2013). These materials are exposed to sliding

movements in certain applications like cylinder liners, inlet and
exhaust valve, piston, control rods, brake drums, transmission
shafts resulting in wear which is the most prevailing problem in
industries and thus reduces the lifespan of the components.
Researchers have started investigating different grades of
aluminum alloys (AA) such as 2,000, 5,000, 6,000 and 7,000
series reinforced with Al2O3, SiC, TiN, B4C, MgO, ZrO2, MoSi2
(Dou et al., 2014; Uzun et al., 2017), etc. ceramic particles for
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better wear resistant applications. AA6061 have been used in
various applications as the matrix material because of its good
strength, workability and machinability (Dou et al., 2014)
reinforced with micro ceramic particles. But, very few have
investigated on hybrid composites with reinforcements in nano
form. Nano reinforcements improve interaction at the interface
because of large surface to volume ratio and leads to enhancement
in the material properties of these metal matrix nano composites.
SiC has low density and is the most widely used ceramic
reinforcements for aluminum based composites because of their
greater hardness, thermal and chemical stabilities (Shivamurthy
and Surappa, 2011). B4C used as a ceramic reinforcement, had an
improved interfacial bonding with aluminum than that of Al2O3

and SiC which leads to providing high-wear resistance (Lashgari
et al., 2010). Also, B4C has an excellent neutron absorbing
properties which assists the aluminum-based composites to be
used as a more potential material for nuclear industry applications
(Kalaiselvan et al., 2011).
Rao and Das (2011) studied the result of SiC ceramic

particle content and sliding speed on the wear rate (WR) of
aluminum-based MMCs. They concluded that SiC content
helped in decreasing the WR and temperature of these
composites. Abdollahi et al. (2014) studied the tribological
behavior under dry condition of AA2024-5 Wt.% B4C nano
composites produced by hot extrusion and mechanical milling.
Research findings revealed that adding of B4C increases the
strength, micro hardness and WR of AA2024 and lowered its
ductility. Uthayakumar et al. (2013) carried out wear
investigation of AA1100-SiC (5 per cent)-B4C (5 per cent)
hybrid composites at dry sliding conditions. Experimental
findings showed that the hybrid composites were able to resist
wear up to 60 N load and sliding speed ranges of 1-4 m/s. Soy
et al. (2011) compared the tribological properties of single
reinforced Al/B4C, Al/SiC with hybrid reinforced Al/SiC/B4C
micro composites. Results indicate that the hybrid composites
exhibit enhanced WR than single reinforced composites. Also,
the coefficient of friction (CoF) was approximately 25-30 per
cent lower than the unreinforced aluminum.
The current work aims to examine the wear behavior of

AA6061 HMMCs reinforced with SiC/B4C nanoparticles
fabricated using conventional stir casting technique. The
effects of the tribological process parameters like sliding speed,
sliding distance and normal load on the prepared nano
composites were investigated. The different wear mechanisms
were identified and studied in this research.

2. Materials and procedures

2.1 Fabrication of the hybrid nanocomposites
HMMC comprising AA6061 as matrix material and SiC and
B4C ceramic particles of average particle size of 50 nm as
reinforcements was prepared using conventional stir casting
technique. The major alloying constituents of AA6061 used as
matrix material in weight percentage are Mg (0.953), Si
(0.541), Fe (0.223), Cu (0.174), Mn (0.132), Cr (0.091), Zn
(0.083), Ti (0.012) and balance aluminum. Wear performance
of MMCmaterials varies depending on the material properties
of matrix and reinforced elements. SiC reinforcement increases
the tensile strength, hardness, density and wear resistance of
aluminum and its alloys (Ramnath et al., 2013). B4C possess

good mechanical, thermal and wear properties in terms of high
melting point (2450°C), high modulus (445 GPa), good
hardness, wear, impact resistance, high chemical resistance and
low density (2.51 g/cm3) (Cambronero, 2009). Besides,
because of high capacity for neutron absorption in isotope B10,
Al–B4C composites have special applications in nuclear
industries (Chen et al., 2015). Hence, SiC and B4C are
considered as the reinforcing material for producing AA-based
composites for possible structural applications in nuclear
industries.
Researchers have studied the mechanical and tribological

properties of AA based MMC and found that increasing the
weight percentage of reinforcements leads to clustering,
agglomeration and hinders uniform particle dispersion on the
matrix (Padmavathi and Ramakrishnan, 2014). (Ge and Gu,
2010). It is reported that the weight percentage of nano
reinforcements should be within 4 Wt.%. Thus, the
composition of hybrid A was 0.5 Wt.% SiC 1 1.5 Wt.% B4C
and for hybrid B was 1.5 Wt.% SiC 1 1.5 Wt.% B4C. Also,
increase in the weight percentage of the ceramic particles leads
to transition from ductile to brittle fracture. (Alizadeh et al.,
2011) compared the mechanical properties of AA-based
composites reinforced with B4C nanoparticles and found that
increasing weight percentage of B4C nanoparticles increases
yield and tensile strength but elongation to fracture decreased.
Hence, weight percentage of B4C was not increased when SiC
ratio in hybrid B was increased.
The SiC and B4C ceramic reinforcements were fractured from

largemicron size particles using cost effective ball milling process.
The field emission scanning electron microscopy (FESEM) of
the ceramic particles used and XRD pattern of hybrid B before
wear are shown in Figure 1. Two compositions of the composites
viz. Hybrid A: AA6061 1 0.5 Wt.% SiC 1 1.5 Wt.% B4C and
hybrid B: AA6061 1 1.5 Wt.% SiC 1 1.5 Wt.% B4C was
prepared. The weighted pieces of AA6061 was placed in a
crucible made of silicon carbide inside the electric furnace at a
fixed temperature of 800°C to confirm full melting of the ingot.
The measured quantity of reinforcements enveloped by
aluminum foils was pre-heated to 250°C for 3 h to eliminate
moisture, thermal mismatch and to enhance the distribution of
the particles within the melt. The reinforcements was then added
(at a constant rate) to the molten material in steps. A mild steel
impeller was used for stirring the metal in the molten state for 5-
10 min at a stirring speed of 700 rpm so as to ensure uniform
distribution of the ceramic particles. A zirconium-based coating
was applied to the impeller to minimize blade dissolution. The
immersed impeller was set at a depth of around 2/3 of the height
of the crucible containing the mixture from the bottom. A pre-
heated mild steel metallic mold was used to pour the molten
material and get the desired shape.

2.2 Sliding wear test under dry condition
The dry sliding wear tests was performed on a pin on disc
friction and wear monitor (Model: TR20LE, DUCOM).
The tribology test was based on ASTM G99-05 (2010)
standards. Three important tribological parameters,
namely, sliding distance (1,000, 1,500 and 2,000 m), sliding
speed (100, 300 and 500 rpm) and normal load (10, 20 and
30 N) was considered during experimentation. Taguchi’s
L27 orthogonal array was used for experimentation. A
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cantilever mechanism was used for applying the normal load
on samples during sliding and the samples were brought in
contact at a track radius of 120 mm. The samples were
prepared and weighted (using a precision balance, accuracy
up to 0.001 mg) before and after each test. WR and CoF was
measured as the output responses. The WR and CoF of the
test specimens was calculated as per equation (1) and (2)
respectively:

WR mm3=m
� �

¼ Dm
rL

(1)

COF ¼ f
Fn

(2)

where Dm = mass initial – mass final (g), r = experimental
density (g/mm3), L= total distance travelled/sliding distance
(m), Fn is the normal load applied (N) and f is the frictional
force. The time taken by the sliding pins to cover the entire
sliding distance is calculated using equation (3).

T minð Þ ¼ 1000� d
p �D�N

(3)

Figure 1 FESEMmorphology before ball milling process
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where d is the sliding distance (m), D is the track diameter (m)
andN is the sliding speed (m/min) of the specimens on the steel
discs. The total time required to cover the entire sliding
distance was calculated initially and was given as an input while
performing the experiments.

3. Results and discussion
3.1 Taguchi modeling of wear rate and coefficient of
friction
The experimental data are analyzed using Taguchi method.
The most essential criterion is signal-to noise (S/N) ratio. S/N

Figure 2 Mean effect plot of S/N ratio for hybrid A and B (a) WR; (b) CoF

Table I Rank table for WR and CoF of hybrid A and hybrid B

Rank table for WR Rank table for CoF
Hybrid A Hybrid A

Level Sliding distance Sliding speed Load Sliding distance Sliding speed Load

1 46.49 43.35 51.24 10.040 10.303 11.854
2 47.77 51.52 47.81 10.364 10.687 9.954
3 50.87 50.26 46.08 11.388 10.803 9.984
Delta 4.38 8.17 5.16 1.348 0.500 1.901
Rank 3 1 2 2 3 1

Hybrid B Hybrid B
1 47.06 43.77 51.64 10.09 10.03 11.26
2 49.84 51.70 48.01 10.66 11.31 10.08
3 49.26 50.69 46.52 10.67 10.08 10.08
Delta 2.79 7.93 5.13 0.59 1.28 1.18
Rank 3 1 2 3 1 2
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ratio is used instead of mean value to interpret the
experimental results into a value for the evaluation
characteristic in the optimum setting analysis (Phadke,
1989). In this study, smaller-the better S/N ratio is used and
is defined by equation (4).

h ¼ �10log10
1
n

Xn
i¼1

R2
i

 !
(4)

where h is the S/N ratio, n is the number of data sets and Ri is
the center line average of the responses.

Figure 3 (a) Plot of WR vs applied load; (b) plot of WR vs sliding speed
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Analysis of interaction effects of parameters on performance
characteristics (i.e., WR and CoF) is performed to study the
various effects on the performance characteristic with change of
parameters. The interaction plots on S/N ratio on output
characteristics are generated using MINITAB17® statistical
software. Figure 2(a) shows the mean effect plots for WR of
hybrid A and B composites. The study shows sliding speed (SS)
is the most influencing parameter followed by load (L) and
sliding distance (SD) for both the composites. The higher value
of sliding distance, medium value of sliding speed and lower
value of load provide better S/N ratio and it provides minimum
WR. Figure 2(b) shows the mean effect plots for CoF of hybrid
A and B composites. The study shows load is the most
influencing parameter followed by sliding distance and sliding
speed for hybrid A while for hybrid B sliding speed is the most
influencing parameter. The higher value of sliding distance and
lower value of load provide better S/N ratio and it provides
minimum CoF. The response table (rank table) for the output
responses are shown inTable I for hybrid A and B respectively.
From Table I, it can be concluded that increasing the sliding

speed will increase the WR and CoF for hybrid A. While for
hybrid B, increasing the load and sliding speed will increase the
WR and CoF, respectively. S/N ratio of the output responses is
used to determine the optimum parameter settings of the input
variables. The optimum parameter setting for WR of hybrid A
and B are A3-B2-C1 (SD: 2000 m; SS: 300 rpm; L: 10 N) and
A3-B3-C1 (SD: 2000 m; SS: 500 rpm; L: 10 N) respectively
while the optimum setting for CoF of hybrid A and B are A2-
B2-C1 (SD: 1,500 m; SS: 300 rpm; L: 10 N) and A3-B2-C1
(SD: 2,000 m; SS: 300 rpm; L: 10 N), respectively. The value

of WR at the above combination of inputs for hybrid A and B
are 0.0015 mm3/m and 0.0012 mm3/m respectively, while for
CoF of hybrid A and B, the values are 0.2515 and 0.2381
respectively.

3.1.1 Influence of normal load and sliding speed on wear rate
The WR of AA6061 and the hybrid nanocomposites AA6061
reinforced with SiC and B4C with respect to normal load and
sliding speed are shown in Figure 3(a, b). The intensity of wear
was extreme at 30 N load. Hybrid B was seen to have the least
WR compared to hybrid A at most of the working conditions,
because of higher SiC content. Increase in SiC content reduces
the amount of actual contact surface in between the asperities
of the composite surface and the sliding surface, thus assisting
in decreasing WR. Presence of these SiC particles also helps in
enhancing the elastic modulus, hardness and high temperature
strength of the composites (Mondal et al., 2005). The rise in
temperature aids in softening the matrix and hence leads to
higher WR for the AA. Lowering of the WR at higher sliding
distance can be attributed to the existence of SiC and B4C
ceramic particlces which leads to the development of a
mechanically diversified layer at the tribosurface. The
mechanically mixed layer at the tribosurface aids in
minimization of the shear stress being shifted to the composite
pins beneath the sliding area in contact. This results in drop of
the plastic distortion and thus decreases the WR of the
preparedHMMCwhen compared to the alloymatrix in the sub
surface region.
Figure 4 shows the effect of WR with respect to sliding speed

and load at 20 N load. The WR seems to decrease for the
hybrid composites with increase in sliding speed at 20N load.

Figure 4 Plot of WR and CoF with respect to sliding speed and load
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3.1.2 Influence of load and sliding speed on coefficient of friction
Variation of CoF with respect to normal load (in minimum and
maximum loading conditons) and sliding speed are shown in
Figure 5 (a) and (b). The variation in CoF might be because of

inadequate interaction among the tribosurface of the test pins
and the disc material. Increase in SiC content resulted in
decreasing the effective contact area of the tribosurface causing in
fall of temperature rise in hybrid B. Consequently, the frictional

Figure 5 (a) Plot of CoF vs load; (b) plot of CoF vs sliding speed
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force required for the hybrid composites to slide over the mating
surface is much higher. The ceramic particles decrease the
relative contact area of the tribosurface with the mating surfaces
and aids in the formation of a more resistant tribolayer. Because
of the development of an oxide layer, at higher sliding speed and
loading conditions, the variation in CoF for hybrid A and B is not
that significant. However, the CoF at 20 N load increased with
increase in sliding speed and sliding distance as seen in Figure 4.

3.2 Surfacemorphology
FESEMwas performed of the worn out samples and are shown
in Figure 6 (a) and (c). The AA6061 worn samples shows wear
debries along the sliding distance. Plowing and oxidative wear
was noticable on the wear surface for the AA6061. Minor
transfer of elements initiates the formation of the wear debris in
the form of loose particles on the sliding surface.
Numerous parallel groves was also observed along the sliding

track because of the sliding action of the pins. The adhesive wear
resulted because of the sticking of these loose debris during
unidirectional relative motion between the sliding disc and the
sample pins. Hybrid B shows the formation of moderate plowing
along the sliding direction. The sliding of the SiC and B4C
ceramic particles over the mating surface damage the pin layer by
plastic deformation or fracture leading to abrasive wear. These
ceramic particles also result in plastic flow of the matrix material

even at low load conditions. Abundant scratches are observed
along the sliding direction resulting in plowing. This was because
of the flow of the soft matrix material plastically. Plowing also
results in wedges along the sides of the ridges.
Cracks and adhesive were more prominent on the surface of

hybrid B. With increase in the load, there is a tendency of the
brittle ceramic particles to fracture and dislodge from the matrix
material forming loose debries. Because of continuous
unidirectional relative motion of the sliding surface, these debries
adhere to the sample surface. Also the increase in the interface
temperature leads to work hardening of these loose debries which
at times leads to the development of micro cracks on the sliding
surface. Figure 7 shows theworn out samples atmaximum loading
conditions of 30N. Abrasive wear in the cutting form was seen in
the hybrid A. This resulted in the formation of ribbon-shaped
discontinuous debries. The alterations in the governing wear
mechanisms differs with variation in normal load and sliding
speed. Plastic deformation was the main cause for severe wear in
all the three samples at high normal loads, sliding speed and
distance. Figure 8 shows the energy dispersive spectroscopy (EDS)
spectrumof the hybrid composites both before and after wear. The
presence of oxygen peak in the EDS confirms the formation of the
oxidative wear on the sample specimens. EDS also confirms the
transfer of disc material to the tribology specimens on the basis of
high carbon (C) and silicon (Si) content.

Figure 6 SEM images of worn out samples of (a) AA 6061; (b) hybrid A; (c) hybrid B
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Figure 7 FESEM images at 30 N load, sliding speed of 500 rpm and sliding distance of 2,000 m (a) AA6061; (b) hybrid A; (c) hybrid B

Figure 8 EDS spectrum of before wear (a) hybrid A; (b) hybrid B; after wear; (c) hybrid A; (d) hybrid B
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4. Conclusions

In the present work, two compositions of Al-HMMCs (Hybrid
A: AA6061 1 0.5 Wt.% SiC 1 1.5 Wt.% B4C and Hybrid B:
AA6061 1 1.5 Wt.% SiC 1 1.5 Wt.% B4C) have been
fabricated using conventional stir casting method and
tribological characteristics i.e. WR and CoF has been studied.
Based on the experimental results and Taguchi analysis, the
following conclusions are arrived:
� The WR of the prepared composites incresed with

increase in the applied load and it is maximum at load
30N at sliding speed of 500 rpm. It is found that the rise in
temperature with sliding speed softens the matrix material
which initiates the wear.

� The CoF decreases with rise in the normal load and
sliding speed for both the nanocomposites (Hybrid A and
Hybrid B). This was because of decrease in the relative
contact area of the sliding surface because of the presence
of the ceramic nanoparticles.

� FESEM and EDS of the worn out surface revealed that
adhesion, abrasion and oxidation were the main dominating
wear mechanisms for the hybrid nanocomposites.

� The ability of the composite to preserve the stable oxide
film considerably affects the wear of the pins and enhances
the load bearing capacity of the composites.

� Taguchi’s analysis reveals that sliding speed and load were
the significant factors in affecting WR and CoF for hybrid
A, while sliding speed was the most significant factor
affectingWR and CoF for hybrid B.

� The optimum parameter setting for WR of hybrid A and B
are A3-B2-C1 (SD: 2,000 m; SS: 300 rpm; L: 10 N) and A3-
B3-C1 (SD: 2,000 m; SS: 500 rpm; L: 10 N) respectively
while the optimum setting for CoF of hybrid A and B are A2-
B2-C1 (SD: 1,500 m; SS: 300 rpm; L: 10 N) and A3-B2-C1
(SD: 2,000m; SS: 300 rpm; L: 10N) respectively.

References

Abdollahi, A., Alizadeh, A. and Baharvandi, H.R. (2014),
“Dry sliding tribological behavior and mechanical
properties of Al2024-5 wt.% B4C Nano-composite
produced by mechanical milling and hot extrusion”,
Materials and Design, Vol. 55, pp. 471-481.

Alizadeh, A., Taheri-Nassaj, E. and Hajizamani, M. (2011),
“Hot extrusion process effect on mechanical behavior of stir
cast Al based composites reinforced with mechanically
milled B4C nanoparticles”, Journal of Materials Science &
Technology, Vol. 27No. 12, pp. 1113-1119.

Cambronero, E.G. (2009), “High-temperature mechanical
properties of aluminum alloys reinforced with boron carbide
particles”, Material Science and Engineering A, Vol. 499
Nos 1/2, pp. 421-426.

Chen, H.S., Wang, W.X., Li, Y.L. and Zhang, P. (2015), “The
design, microstructure and tensile properties of B4C
particulate reinforced 6061Al neutron absorber composites”,
Journal of Alloys and Compounds, Vol. 632, pp. 23-29.

Dou, Y., Liu, Y., Liu, Y., Xiong, Z. and Xia, Q. (2014),
“Friction and wear behaviors of B4C/6061 Al composite”,
Materials and Design, Vol. 60, pp. 669-677.

Gava, G.H.S., Souza, R.M., deMello, J.D.B., deMacedo,M.C.S.
and Scanddian, C. (2013), “Effect of load partition and particle
distribution on micro-abrasive wear mapping of two-phase metal
matrix composites”,Wear, Vol. 301Nos 1/2, pp. 130-136.

Ge, D. and Gu, M. (2010), “Mechanical properties of hybrid
Nano reinforced aluminium based composites”, Materials
Letters, Vol. 49No. 6, pp. 334-339.

Kalaiselvan, K., Murugan, N. and Parameswaran, S.
(2011), “Production and characterization of AA6061-
B4C stir cast composite”, Materials and Design, Vol. 32
No. 7, pp. 4004-4009.

Lashgari, H.R., Zangeneh, S., Shahmir, H., Saghafi, M. and
Emamy, M. (2010), “Heat treatment effect on the
microstructure, tensile properties and dry sliding wear
behavior of A356-10% B4C cast composites”, Materials and
Design, Vol. 31No. 9, pp. 4414-4422.

Mondal, D.P., Das, S., Rao, R.N. and Singh, M. (2005),
“Effect of SiC addition and running-in-wear on the sliding
wear behavior of Al-Zn-Mg aluminium alloy”, Materials
Science and Engineering, Vol. 402Nos 1/2, pp. 307-319.

Padmavathi, K.R. andRamakrishnan, R. (2014), “Tribological
behavior of aluminium hybrid metal matrix composite”,
Procedia Engineering, Vol. 97, pp. 660-667.

Phadke, M.S. (1989), Quality Engineering Using Robust Design,
Prentice Hall, NJ.

Ramnath, B.V., Elanchezhian, C. and Annamalai, R.M.
(2013), “Aluminium metal matrix composites – a review”,
AdvanceMaterial Science, Vol. 38, pp. 55-60.

Rao, R.N. andDas, S. (2011), “Effect of SiC content and sliding
speed on the wear behavior of aluminiummatrix composites”,
Materials andDesign, Vol. 32No. 2, pp. 1066-1071.

Shivamurthy, R.C. and Surappa, M.K. (2011), “Tribological
characteristics of A356 Al alloy-SiCp composite discs”,
Wear, Vol. 271Nos 9/10, pp. 1946-1950.

Soy, U., Demir, A. and Findik, F. (2011), “Friction and wear
behaviors of Al-SiC-B4C composites produced by pressure
infiltration method”, Industrial Lubrication and Tribology,
Vol. 63No. 5, pp. 387-393.

Uthayakumar,M., Aravindan, S. andRajkumar,K. (2013), “Wear
performance of AA-SiC-B4C hybrid composites under dry
sliding conditions”,Materials andDesign, Vol. 47, pp. 456-464.

Uzun, A., Asikuzun, E., Gokmen, U. and Cinici, H. (2017),
Vickers Microhardness Studies on B4C Reinforced/Unreinforced
Foamable Aluminium Composites, Transactions of Indian
Institute ofMetals, doi 10.1007/s12666-017-1163-1.

Further reading

Manivannan, I. (2017), “Tribological and surface behavior of
silicon carbide reinforced aluminium matrix nanocomposite”,
Surfaces and Interfaces, Vol. 8, pp. 127-136, doi: 10.1016/j.
surfin.2017.05.007.

Ravindran, P., Manisekar, K., Narayanasamy, R. and
Narayanasamy, P. (2013), “Tribological behavior of powder
metallurgy processed aluminium hybrid composites with the
addition of graphite solid lubricant”, Ceramic International,
Vol. 39No. 2, pp. 1169-1182.

Shirazi, S.M., Akhlaghi, F. and Li, D.Y. (2016), “Effect of SiC
content on dry sliding wear, corrosion and corrosive wear of

Hybrid metal matrix composites

Shubhajit Das et al.

Industrial Lubrication and Tribology

Volume 71 · Number 1 · 2019 · 83–93

92

http://dx.doi.org/10.1007/s12666-017-1163-1
http://dx.doi.org/10.1016/j.surfin.2017.05.007
http://dx.doi.org/10.1016/j.surfin.2017.05.007


Al/SiC nanocomposites”, Transactions of Nonferrous Metals
Society of China, Vol. 26No. 7, pp. 1801-1808.

Singh, N., Haq, M.I.U., Raina, A., Anand, A., Kumar, V. and
Sharma, S.M. (2017), “Synthesis and tribological
investigation of Al-SiC based nano hybrid composite”,
Alexandria Engineering Journal, available at: http://dx.doi.org/
10.1016/j.aej.2017.05.008

Umanath, K., Palanikumar, K. and Selvamani, S.T. (2013),
“Analysis of dry sliding wear behavior of Al6061/SiC/Al2O3

hybrid metal matrix composites”, Composites Part B, Vol. 53,
pp. 159-168.

About the authors

Shubhajit Das received his BTech degree in mechanical
engineering from Tezpur University, Assam, India in 2010,
MTech degree in mechanical engineering (Design &
Manufacturing) from NIT Silchar, Assam, India in 2012 and
pursuing his PhD in Mechanical Engineering from NERIST,
Deemed University, Arunachal Pradesh, India. Currently he is
working as Assistant Professor in the Department of
Mechanical Engineering, NIT Arunachal Pradesh. He has six
years of teaching and research experience. He has published
six research papers in various National/International journals/
conferences. He has guided nine BTech and is presently
guiding three M.Tech students. His current research interest
includes conventional and non-conventional machining of
metal matrix composites, material characterization and
optimization. He is a member of TSI and IAENG.

Dr Chandrasekaran M. is working as Professor and Head of
the Department of Mechanical Engineering, NERIST, Nirjuli,
Arunachalpradesh. He obtained MTech in Production
Engineering Systems Technology (PEST) in the year 1996 and
completed his doctoral degree in the Mechanical Engineering
Department, Indian Institute of Technology (IIT), Guwahati.
His research interest includes Machining optimization, Soft
computing techniques, Automated manufacturing, Cloud based
manufacturing system, and fluid power control system. He has
published 86 research papers in various reputed national and
international journals/and conferences. He has guided several
BTech and MTech and is presently guiding six doctoral
students. He is life member of ISTE,MIE andWSI.

Dr Sutanu Samanta is working as Associate Professor in the
DEpartment of Mechanical Engineering, NERIST, Nirjuli,
Arunachal Pradesh. He obtained ME Degree in Production
Engineering from B. E. College (D.U) in 1998 and completed
his doctoral degree from B.E.S.U, Shibpur in 2011. His area
of interest includes Ultrasonic NDT, Composite materials,
non-conventional machining and soft computing techniques.
Research papers in various reputed National and International
journals and conferences are published by him. He has guided
many BTech, MTech and PhD students. He is a life member
in many professional bodies including ISTE, MIE, ISTAM,
ISNT and tribological society of India.

Professor Palanikumar Kayaroganam is working as
Professor and Principal at Sri Sai Ram Institute of
Technology, affiliated to Anna University, Chennai. He
obtained his M. E with University First Rank in Production
Engineering From Annamalai University and completed his
doctoral degree in the Mechanical Engineering Department,
Anna University, Chennai, India. His research interest
includes Machining of composite materials and high
performance materials including hard materials, optimization,
soft computing techniques, automated manufacturing, cloud-
based manufacturing system and friction welding of similar
and dissimilar materials. He has published more than 250
research papers in various reputed national and international
journals/and conferences. He has guided several BTech and
MTech and doctoral students. He is life member of ISTE,
ASME and Institution of Engineers (India). Palanikumar
Kayaroganam is the corresponding author and can be
contacted at: palanikumar_k@yahoo.com

Professor Paulo Davim J. received the PhD degree in
Mechanical Engineering in 1997, the MSc degree in
Mechanical Engineering (materials and manufacturing
processes) in 1991, the Mechanical Engineering degree (5
years) in 1986, from the University of Porto (FEUP), the
Aggregate title (Full Habilitation) from the University of
Coimbra in 2005 and the DSc from London Metropolitan
University in 2013. He is Eur Ing by FEANI-Brussels and
Senior Chartered Engineer by the Portuguese Institution of
Engineers with a MBA and Specialist title in Engineering
and Industrial Management. Currently, he is Professor at
the Department of Mechanical Engineering of the
University of Aveiro, Portugal. He has more than 30 years of
teaching and research experience in manufacturing,
materials and mechanical engineering with special emphasis
in machining & tribology. He has also interest in
management and industrial engineering and higher
education for sustainability and engineering education. He
has guided large numbers of post doc, PhD and masters’
students, as well as coordinated and participated in several
research projects. He has received several scientific awards.
He has worked as evaluator of projects for international
research agencies as well as examiner of PhD thesis for
many universities. He is the Editor in Chief of several
international journals, Guest Editor of journals, books
Editor, book Series Editor and Scientific Advisory for many
international journals and conferences. Presently, he is an
Editorial Board member of 25 international journals and
acts as reviewer for more than 80 prestigious Web of
Science journals. In addition, he has also published as
editor (and co-editor) more than 100 books and as author
(and co-author) more than 10 books, 80 book chapters and
400 articles in journals and conferences (more than 200
articles in journals indexed in Web of Science core
collection/h-index 451/6,0001 citations and SCOPUS/h-
index 521/8,0001 citations).

For instructions on how to order reprints of this article, please visit our website:
www.emeraldgrouppublishing.com/licensing/reprints.htm
Or contact us for further details: permissions@emeraldinsight.com

Hybrid metal matrix composites

Shubhajit Das et al.

Industrial Lubrication and Tribology

Volume 71 · Number 1 · 2019 · 83–93

93

http://dx.doi.org/10.1016/j.aej.2017.05.008
http://dx.doi.org/10.1016/j.aej.2017.05.008
mailto:palanikumar_k@yahoo.com

	Fabrication and tribological study of AA6061 hybrid metal matrix composites reinforced with SiC/B4C nanoparticles
	1. Introduction
	2. Materials and procedures
	2.1 Fabrication of the hybrid nanocomposites
	2.2 Sliding wear test under dry condition

	3. Results and discussion
	3.1 Taguchi modeling of wear rate and coefficient of friction
	Undefined namespace prefix
xmlXPathCompOpEval: parameter error
xmlXPathEval: evaluation failed

	Undefined namespace prefix
xmlXPathCompOpEval: parameter error
xmlXPathEval: evaluation failed


	3.2 Surface morphology

	4. Conclusions
	References


