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Abstract—Metal matrix composites (MMCs) have been
widely investigated and applied due totheir promising
advanced properties. Among the MMCs, magnesium
MMCs is moreand more attractive because of their low
density, high specific stiffness and specificstrength, as
well as high wear resistance. Magnesium alloys have
been increasinglyused in the automotive industry in
recent years due to their lightweight. The density
ofmagnesium is approximately two thirds of that of
aluminium, one quarter of zinc, andone fifth of steel. As a
result, magnesium alloys offer a very high specific
strengthamong conventional engineering alloys. In
addition, magnesium alloys possess gooddamping
capacity, excellent castability, and superior
machinability. Accordingly,magnesium casting
production has experienced an annual growth of between
10 and20% over the past decades and is expected to
continue at this rate Furthermore, thelimitation of
monolithic magnesium properties such as low elastic
modulus, rapid lossof strength with increasing
temperature and poor creep resistance has been
improvedby the addition of various types of
reinforcements.In this paper powder metallurgy
technique for the fabrication of magnesium
matrixcomposites with various reinforcement material
(SiC, B4C, TiC and ZrO2) issummarized. The composite
microstructure is subsequently discussed with respect
tograin refinement, reinforcement distribution, and
interfacial characteristics. Themechanical properties of
the magnesium matrix composites are also reported.,
which cannot be obtained economically by any other
means.

Keywords—metal matrix composites; carbon nanotube;
microstructure; powder metallurgy;

I. INTRODUCTION

Composites are materials that consist of two or
more chemically and physically differentphases
which are separated by a distinct interface. The
different systems are combined judiciously to

achieve a system with more useful structural or
functional properties non-attainable by any of the
constituent alone. Composites, the wonder materials
are becoming an essential part of today’s materials
due to the advantages such as low weight, corrosion
resistance, high fatigue strength, and faster
assembly. They are extensively used as materials in
making aircraft structures, electronic packaging to
medical equipment, and space vehicle to home
building. The basic difference between alloy and
composites is that the two main constituents in the
composites remain recognizable while these may
not be recognizable in blends.

The predominant useful materials used in our day-
to-day life are wood, concrete, ceramics, and so on.
Surprisingly, the most important polymeric
composites are found in nature and these are known
as natural composites. The connective tissues in
mammals belong to the most advanced polymer
composites known to mankind where the fibrous
protein, collagen is the reinforcement. It functions
both as soft and hard connective tissue. Composites
are combinations of materials differing in
composition, where the individual constituents
retain their separate identities.

These separate constituents act together to give the
necessary mechanical strength or stiffness to the
composite part. Composite material is a material
composed of two or more distinct phases (matrix
phase and dispersed phase) and having bulk
properties significantly different from those of any
of the constituents. Matrix phase is the primary
phase having a continuous character. Matrix is
usually more ductile and less hard phase. It holds
the dispersed phase and shares a load with it.
Dispersed (reinforcing) phase is embedded in the
matrix in a discontinuous form. This secondary
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phase is called the dispersed phase. Dispersed phase
is usually stronger than the matrix, therefore, it is
sometimes called reinforcing phase.

Metal matrix composites (MMCs) have been widely
investigated and applied due to their promising
advanced properties. Among the MMCs,
magnesium MMCs is more and more attractive
because of their low density, high specific stiffness
and specific strength, as well as high wear
resistance. Further, the limitation of monolithic
magnesium properties such as low elastic modulus,
rapid loss of strength with increasing temperature
and poor creep resistance has been improved by the
addition of various types of reinforcements.

Fig. 1.1 Classification of composites

For example, non-continuous reinforcements such
as Al2O3 short fiber, B4C whisker, B4C or TiC
particulate reinforced magnesium composites have
been extensively studied by a number of
researchers; however, little work has been carried
out on B4C particulate reinforced magnesium
MMCs. B4C ceramic particulate is a low-density
material that is very hard, strong and stiff.
Therefore, the combination of B4C ceramic phase
with the metal matrix is extremely interesting.
Badinietal., have investigated precipitation
phenomena in B4C -reinforcedmagnesium-based
composites by artificial aging. During the past
years, a large amount of methods has been
employed to produce MMCs. Among these
methods, powder metallurgy (P/M) technique
provides a few advantages for making composites.
It requires the low manufacturing temperature and
can gain the uniformity in the reinforcement

distribution, the main of which is that P/M can gain
materials with a large volume fraction of ceramic
reinforcement that it is difficult to be obtained by
the conventional stir-casting route.

In the present work, the feasibility of the fabrication
of different particulate reinforced magnesium
MMCshas been investigated by P/M technique. An
attempt is made to to develop a more economical
and simplified process for magnesium matrix
composite production.

II. PROCESSING METHODOLOGY

The selection of reinforcement for a metal matrix
composite is a careful process that must consider
the physical and chemical properties of the base
materials involved. The physical problems of
compatibility can often be associated with
respective thermal and stress performance of the
constituent materials. The main consideration is that
the metallic matrix material should possess
sufficient characteristics (strength and ductility) so
that it can ensure transfer of load to the
reinforcement material with minimal
discontinuities.

Fig. 2.1 Methodology

 Particulates used in MMC’s
 Boron Carbide (B4C):
B4C ceramic particulate is a low-density material
that is very hard, strong and stiffness. Therefore, the
combination of B4C ceramic phase with the metal
matrix is extremely interesting. B4C reinforced
magnesium based composite fabricated using inert
gas atomized powders showed improved
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mechanical properties when compared to those of
similar composites made with ground powders.
Purity of matrix alloy was found to have a great
influence on tensile properties while compressive
properties remain unaffected.
Boron carbide was first synthesized by Henri
Moissan in 1899, by reduction of boron trioxide
either with carbon or magnesium in presence of
carbon in an electric arc furnace. In the case of
carbon, the reaction occurs at temperatures above
the melting point of B4C and is accompanied by
liberation of large amount of carbon monoxide.

Table 2.1 Properties of commonly used
reinforcement particulates

 Blending:
This can often involve the introduction of alloying
additions in elemental powder form or the
incorporation of a pressing lubricant. Process in
which powders of the same nominal composition
but having different particle sizes are intermingled.
This is done to (i) obtain a uniform distribution of
particle sizes, i.e. powders consisting of different
particle sizes are often blended to reduce porosity,
(ii) for intermingling of lubricant with powders to
modify metal to powder interaction during
compaction.

Fig. 2.2 Blending and Mixing process

 Compaction:
 The dominant consolidation process
involves pressing in a rigid toolset, comprising a
die, punches and, possibly, mandrels or core rods.
However, there are several other consolidation
processes that are used in niche applications.

Fig. 2.3Circular and Rectangular PieceCompaction
 Die Compaction: Die compaction
represents the most widely used method and is
considered as the conventional technique. This
involves rigid dies and special mechanical or
hydraulic presses. Densities of up to 90 % of full
density can be achieved following the compaction
cycle, the duration of which may be of the order of
just a few seconds for very small parts.Powders do
not respond to pressing in the same way as fluids
and do not assume the same density throughout the
compact. The friction between the powder and die
wall and between individual powder particles
hinders the transmission of pressure.

Fig. 2.4 (a) Machining the material in lathe to make
Punch piece
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Fig. 2.4 (b) Machining the material in lathe to make
Die piece

Fig. 2.4 (c) Machining the material in lathe to make
Base piece

In the former the lower punch and the die are both
stationary. The pressing operation is carried out
solely by the upper punch as it moves into the fixed
die. The die wall friction prevents uniform pressure
distribution. The compact has a higher density on
top than on the bottom. In the latter type of pressing
only the die is stationary in the press. Upper and
lower punches advance simultaneously from above
and below into the die. The consequence is high
density at the top and undersides of the compact. In

the centre there remains a ‘neutral zone’ which is
relatively weak.

Fig. 2.5 (a) Punch, Die & Base Pieces for Round piece

Fig no: 2.5 (b) Punch, Die & Base Pieces for
Rectangular pieces

 Ejection:
The tooling must be done in such a manner so that
the ejection of part is feasible. Ejection of a part of
complex forms is rather problematic, as it involves
friction between the green part and tool walls. The
green strength must be high to resist the bending
stresses introduced by the ejection force.The
dominant consolidation process involves pressing in
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a rigid toolset, comprising a die, punches and,
possibly, mandrels or core rods. However, there are
several other consolidation processes that are used
in niche applications.

Fig no: 2.5 (c & d) Filling Powder and Pressing Operation
 Sintering:
This process step involves heating of the material,
usually in a protective atmosphere, to a temperature
that is below the melting point of the major
constituent. In some cases, a minor constituent can
form a liquid phase at sintering temperature; such
cases are described as liquid phase sintering. The
mechanisms involved in solid phase and liquid
phase sintering are discussedbriefly in a later
section. Sintering may be considered the process by
which an assembly of particles, compacted under
pressure or simply confined in a container,
chemically bond themselves into a coherent body
under the influence of an elevated temperature. The
temperature is usually below the melting point of
the major constituent. Much of the difficulty in
defining and analysing sintering is based on the
many changes within the material that may take
place simultaneously or consecutively.
Densification or shrinkage of the sintered part is
very often associated with all types of sintering.
However, sintering can take place without any
shrinkage; expansion or no net dimensional change
is quite possible. From the tooling point of view it is
preferred to avoid very large amount of dimensional
changes. The driving force for solid state sintering
is the excess surface free energy. Sintering is a
complex process and for any given metal and set of
sintering conditions there are likely to be different
stages, driving forces and material transport
mechanisms associated with the process.

Fig no: 2.6 Furnace for Sintering

III. MATERIALS AND TESTING

 Magnesium:

Mg powder of > 99.9% purity (LR Loba), was used
as the matrix material. The reinforcement additions
carried in this study include B4C particulates of 600
Mesh.Magnesium is a chemical element with
symbol Mg and atomic number 12. It is ashiny gray
solid which bears a close physical resemblance to
the other five elements in the second column
(Group 2, or alkaline earth metals) of the periodic
table: all Group 2 elements have the same electron
configuration in the outer electron shell and a
similar crystal structure. Magnesium is the ninth
most abundant element in the universe. It is
produced in large, aging stars from the sequential
addition of three heliumnuclei to acarbon nucleus.
Sonication of CNT.

Fig. 3.1(a)Pure Magnesium Metal Powder

 Boron Carbide(B4C):

Boron carbide (chemical formula approximately
B4C) is an extremely hard boron–carbon ceramic,



884 Maddigatla Vinod Kumar Reddy, Jyoshi Anil Kumar, Dr. K Manivannan

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 5, Issue 4

April 2018

and covalent material used in tank armor,
bulletproof vests, engine sabotage powders, as well
as numerous industrial applications. With a Vickers
Hardness of >30 GPa, it is one of the hardest known
materials, behind cubic boron nitride and diamond.

Fig. 3.1(b) Boron Carbide Metal Powder with 600
mesh

 Hardness:
The term hardness refers to stiffness or temper or to
resistance to bending, scratching, abrasion or
cutting. It also gives the ability to resist bending
permanently and resist deformation, when a load is
applied. The greater the hardness of the metal, the
greater resistance to deformation.
Since the hardness of a material correlates directly
with its strength, wear resistance and other
mechanical properties. As a result, hardness testing
is widely used for material evaluation, because of
its simplicity and low-cost relative to direct other
measurements. Hardness is one of the most basic
mechanical properties of engineering materials.
The Hardness tests were conducted on the
metallographically polished monolithic and
reinforced magnesium specimens using a digital
Hardness tester (Model MXT 50) developed by
Matsuzawa Japan. Hardness measurements were
carried out using a pyramidal diamond intender
with a facing angle of 136° employing an indenting
load of 1.5 Kgf and a dwell time of 10 seconds.
Hardness testing of metals, composites and
ceramics are employed where a 'macro' hardness
test is not usable. Micro hardness tests can be used
to provide necessary data when measuring
individual microstructures within a larger matrix, or
testing very thin foil like materials, or when
determining the hardness gradient of a specimen
along a cross section.

The term Micro Hardness Testing usually refers to
static indentations made by loads of 1kgf or less.
The Baby Brinell Hardness Test uses a 1mm
carbide ball, while the Vickers Hardness Test
employs a diamond with an apical angle of 136°,
and the Knoop Hardness Test uses a narrow
rhombus shaped diamond indenter. The test surface
usually must be highly polished. The smallerthe
force applied the higher the metallographic finish
required. Microscopes with a magnification of
around 500x are required to accurately measure the
indentations produced.
 Brinell Harness Test:
The Brinell scale characterizes the indentation
hardness of materials through the scale of
penetration of an indenter, loaded on a material test-
piece. It is one of several definitions of hardness in
materials science.
Proposed by Swedish engineer Johan August
Brinell in 1900, it was the first widely used and
standardized hardness test in engineering and
metallurgy. The large size of indentation and
possible damage to test-piece limits its usefulness.
However, it also had the useful feature that the
hardness value divided by two gave the
approximate UTS in ksi for steels. This feature
contributed to its early adoption over competing
hardness tests.
The typical test uses 10 millimetres (0.39 in)
diameter steel ball as an indenter with a 3,000 kgf
(29.42 kN; 6,614 lbf) force. For softer materials, a
smaller force is used; for harder materials, a
tungsten carbide ball is substituted for the steel ball.
The indentation is measured, and hardness
calculated as

Where:
BHN: Brinell Hardness Number (kgf/mm2)
P: Applied load in Kgf
D: diameter of indenter (mm)
d: diameter of indentation (mm)
Brinell hardness is sometimes quoted in
megapascals, the Brinell hardness number is
multiplied by the acceleration due to gravity,
9.80665 m/s2, to convert it to megapascals. The
BHN can be converted into the ultimate tensile
strength (UTS), although the relationship is
dependent on the material, and therefore determined
empirically. The relationship is based on Meyer's
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index (n) from Meyer's law. If Meyer's index is less
than 2.2 then the ratio of UTS to BHN is 0.36. If
Meyer's index is greater than 2.2, then the ratio
increases.

Fig. 3.2 (a) Applying load on specimen in hardness
testing machine

Fig. 3.2 (b) Applying load on specimen in hardness
testing machine

 Charpy Impact Test:
The Charpy impact test, also known as the Charpy
V-notch test, is a standardized high strain- rate test
which determines the amount of energy absorbed by
a material during fracture. This absorbed energy is a
measure of a given material's notch toughness and
acts as a tool to study temperature-dependent
ductile-brittle transition. It is widely applied in
industry since it is easy to prepare and conduct and
results can be obtained quickly and cheaply. A
disadvantage is that some results are only
comparative.

Fig. 3.3 Charpy Impact Test Machine

IV. RESULTS AND DISCUSSION

Various samples with Mg as matrix material and
reinforcement (B4C) with different weight % (5, 10
and 15 % were used) as per table 4.1.

Table 4.1 showing different reinforcement variation

 P/M Processed Mg Reinforced with B4C:

Table 4.2 Showing sintering parameters and
Pressure applied for compaction
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Fig. 4.1 Showing compaction pressure and holding
pressure

 Density Measurement:

Table 4.3 Result of density and porosity of Powder
metallurgy processed Magnesiumreinforced

composite

 MicrostructuralCharacterization:

Microstructural characterization showed uniform
reinforcement distribution with good reinforcement-
matrix interfacial integrity, and significant grain
refinement.

The presence of clusters was noticed and so was
segregation at grain boundaries. The presence of
clusters and grain boundary segregation suggests
that the solidification front velocity during
deposition stage was less than critical velocity that
facilitates the entrapment of particulates.

Mg–B4C interfacial integrity was found to be good
as no voids were observed with individual B4C
particulates.

 Microstructure:

 5% of Boron carbide and
MagnesiumComposite

Fig. 4.1 (a) 95% of magnesium and 5% of Boron
carbide metal powder composite

 10% of Boron carbide and
MagnesiumComposite

Fig. 4.1 (b) 90% of magnesium and 10% of Boron
carbide metal powder composite

 15% of Boron carbide and
MagnesiumComposite

Fig. 4.1 (c) 85% of magnesium and 15% of Boron
carbide metal powder composite

 Hardness:

The results of hardness measurements test revealed
that with an increase in the volume percentage of
B4C reinforcement lead to an appreciable increase
in the hardness value of the metallic matrix of Mg/
B4C composites (see Table 4.3).
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Sample no: 1 Hardness test for Magnesium and
Boron carbide composition of 5%:

Sample no: 2 Hardness test for Magnesium and
Boron carbide composition of 10%:

Sample no: 3 Hardness test for Magnesium and
Boron carbide composition of 15%:

Table 4.4 Showing Hardness value with different
B4C reinforcement

The results of hardness measurements revealed that
hardness increased with an increase in weight
percentage of B4C particulates. The increase in
hardness values with the increasing presence of
B4C particulates can be attributed to:
 An increasing presence of harder B4C
particulates in the matrix.
 Higher constraint to localized matrix
deformation due to increasing amount of B4C.
 Increasing ability of B4C particulates to
refine matrix microstructure.
 Charpy Impact Test:

Table 4.5 Showing impact test value with different
B4C reinforcement

 After Compaction:

 Before Sintering (Green piece):

Fig. 4.2 Mg and B4C composition

 After Sintering (Metal Work piece):

Fig. 4.3 (a) After sintering 5% of Mg and B4C
composition

Fig no: 4.3 (b) After sintering 10% of Mg and B4C
composition.
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Fig no: 4.3 (c) After sintering 15% of Mg and B4C
composition

V. CONCLUSION

 P/M PROCESSED Mg REINFORCED
WITH (B4C):

 MICROSTRUCTURAL
CHARACTERISATION:

Powder metallurgy (blend-press-sinter) processing
routes can be used to successfully synthesize B4C
Microstructural characterization of composites
sample are discussed in terms of distribution of
reinforcement, grain size and shape, amount of
porosity.

The reasonably uniform distribution of
reinforcement particulates can be attributed to
suitable blending parameter, bond between matrix
metal particulates by disrupting particulate oxide
film allowing metal-metal contact, reinforcement
distribution by dispersing the clusters.

The presence of minimal porosity in composite
materials, also supported by the experimental
density values (see Table 4.2.1), can be attributed to
the appropriate selection of compaction, sintering.
The presence of clusters was noticed and so was
segregation at grain boundaries. The presence of
clusters and grain boundary segregation suggests
that the solidification front velocity during
deposition stage was less than critical velocity that
facilitates the entrapment of particulates. The
density of the composite increase with the increased
with the increase in reinforcement, however the
porosity also increased.

 HARDNESS:

The results of hardness measurements revealed that
an increase in the volume percentage of B4C lead to
an increase hardness (see Table 5.1) of Mg and can
be attributed primarily to: (a) the presence of

relatively harder ceramic particulates in the matrix
and (b) a higher constraint to the localized matrix
deformation during indentation due to their
presence.

Fig. 5.1 showing HV comparison of Mg composites

References
[1] Horst E. Friedrich and Barry L. Mordike.

Magnesium Technology: Metallurgy, Design Data,
Applications, Springer, Germany, 2006, pp. 63-107
and pp. 499-632.

[2] R. Fink, in: K.U. Kainer (Eds.), Die-Casting
Magnesium, Magnesium-Alloys and Technologies,
Wiley-VCH Verlag GmbH & Co., Germany, 2003,
pp. 23-44.

[3] Polmear, I.J. Light alloys: metallurgy of the light
metals, 1st edn, pp.1-4 and pp.127-161. Edward
Arnold Ltd, London, 1981.

[4] Eliezer, D., Aghion, E. and S. Froes. Synthesis of
Light weight Metals (part 3), p. 139. TMS, 1999.

[5] Edgar, R. Proceedings of the 56th Annual Meeting
of International Magnesium Association, June 6-8, p.
21. IMA, Rome, Italy, 1999

[6] D. Magers, J. Brussels, Global Outlook on the Use
of Magnesium Die-Casting in Automotive
Applications, Proceeding of Conference on
Magnesium Alloys and Their Applications (ed. by
B.L. Mordike, K.U. Kainer, Werkstoff-
Informationsge-Sellschaft, Wolfsburg, Germany)
1998, pp. 105-112.

[7] Lloyd, D.J. Particle Reinforced Aluminum and
Magnesium Matrix Composites. International
Materials Reviews, Vol. 39 n 1, pp. 1-23, 1994.

[8] Ibrahim, I.A., Mohamed, F.A. and Lavernia, E.J.
Particulates Reinforced Metal Matrix Composites –
A Review, Journal of Materials Science, Vol. 26, pp.
1137-1156, 1991.



889 Maddigatla Vinod Kumar Reddy, Jyoshi Anil Kumar, Dr. K Manivannan

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 5, Issue 4

April 2018

[9] Gupta, M. Lai, M.O. and Saravanaranganathan, D.
Synthesis, Microstructure and Properties
Characterization of Disintegrated Melt Deposited
Mg/B4C Composites. Journal of Materials Science.
Vol. 35, pp. 2155 – 2165, 2000

[10] Saravanan, R.A. and Surappa, M.K. Fabrication and
Characterization of Pure Magnesium-30 vol.% B4C
Particle Composite. Materials Science and
Engineering A. Vol. 276, pp. 108 – 116, 2000.

[11] Luo, A. Processing, Microstructure, and Mechanical
Behavior of Cast Magnesium Metal Matrix
Composites. Metallurgical and Materials
Transactions A. Vol. 26, pp. 2445 – 2455. 1995.

[12] S. Ugandhar, M. Gupta and S.K. Sinha. Enhancing
strength and ductility of Mg/ B4C composites using
recrystallization heat treatment. Composite
Structures. 2005 (in Press)

[13] Laurent, V., Jarry, P., Regazzoni, G. and Apelian, D.
Processing-Microstructure Relationship in
Compocast Magnesium/ B4C. Journal of Materials
Science. Vol. 27, pp. 4447 – 4459. 1992.

[14] Krishnadev, M.R., R Angers, C.G. Krishnadas Nair
and G. Huard, The Structure and properties of
Magnesium Matrix Composites, JOM, 45 (8) (1992)
52-54.


