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Abstract- In the present work we brought a polymer precursor into liquid aluminum and afterward in-situ
pyrolyzed to deliver castings of metal matrix composites (P-MMCs) containing silicon-carbonitride (SiCNO)
ceramic particles. An aluminum alloy which has low elasticity and hardness is being composited with other
materials to enhance its properties and decrease its drawback. Aluminum based metal matrix composite are
casted utilizing aluminum alloy fortified with different volume division of hexamethyl disilazane (HMDS) which
produce ceramic phases. A stir casting process has been utilized under an idle air to produce aluminum matrix
composite. Further the synthesized aluminium based metal matrix composites are machined by EDM. Metal
removal Rate and surface roughness of the composites are estimated and their variations in performance are
studies using orthogonal array.
Keywords-Metal matrix composites (MMCs), Polymer derived ceramics, Microstuctural evaluation, Machining.
1. INTRODUCTION
The wide range of availability of aluminium has made
it an important material for manufacturing many
components. Aluminum is the third most plentiful
material available in nature. It has supplanted the
ferrous element in extensive variety of utilizations
because of its particular properties like low density,
corrosion resistance because of passivation, light in
weight and so forth. Aluminum additionally has
defective properties which keep it from being
connected in different fields. Keeping in mind the end
goal to beat the imperfections of pure aluminum
alloys, another material called aluminum composite
was discovered. Aluminum composites are likewise
called as aluminum metal matrix composites. A metal
matrix composite is a blend of two unmistakable
metals to acquire an intensified material known as
reinforced material. Solidification process is the most
prudent, practical and flexible procedure to create
MMCs for extensive scale in manufacturing sectors.
Pradepet al. [1] looked into the vital solidification
principles fundamental the microstructure evaluation
which administers the composite properties. Surappa
[2]
investigated
particle-solidification
front
collaborations in various MMCs, and inferred that
characteristic material properties and additionally
processing variables play a major role in controlling
the microstructural evaluation in the last MMCs. A
large portion of the specialized difficulties in
solidification processing can be extraordinarily limited
by receiving in-situ composite approach by which

ceramic particles are created within the molten state
by means of chemical reaction between the added
precursor and the host metal. In-situ composites offer
predominant
microstructural/mechanical
characteristics
when
contrasted
with
their
conventional partners. For example, in-situ MMCs
included
uniform
dispersion
of
fine-sized
thermodynamically stable ceramic particles, clean and
unoxidized ceramic metal interfaces alongside high
interfacial strength, enhanced hardness/yield strength
and elastic modulus (Tjong et al. [3]).
2. EXPERIMENTAL PROCEDURE
2.1. Matrix materials and polymer precursor
An Al6061 Wrought aluminum alloy (commercial
purity 99.5%) is chosen as the matrix materials. Alloy
of this series have flexible heat treatable expelled alloy
with medium to high strength capabilities.
Hexamethyl Disilazane (HMDS) was used as a
precursor for reinforcement. The weight division of
polymer precursor to be included into liquid Al/Alalloy can be assessed by the following formula [4].
=

(1)

The factor of 0.85 demonstrates the ceramic yield
from the cross connected polymer which was resolved
experimentally.

3093

International Journal of Research in Advent Technology, Vol.6, No.11, November 2018
E-ISSN: 2321-9637
Available online at www.ijrat.org

Fig. 1. Components of, casting furnace used in processing of in-situ MMCs.[4]
Table 1. Compositions of Al6061-Disilazne
2.2. Material characterization
Optical microscope (Leica DM2700, Germany),
scanning electron microscope (JEOL JSM-6610LV,
Japan) coupled with energy dispersive spectroscopy
(EDS) and transmission electron microscope (Tecnai
T20, FEI Company) were utilized for micro structural
studies. Diffraction spectra of the as-cast composites
were collected using an X-Ray Diffractometer
(PANalyticalX'pert-Pro
(MPD),
Netherlands)
[10,11].In the present work; composites are fabricated
using matrix material Al6061 and reinforcement
material Hexamethyl Disilazane (HMDS). The alloy
composition and mechanical properties of Al6061 is
tabulated. Three different compositions, taking 10%,
20% and 30% disilazne as a constant required
composites are fabricated. The Table-1 shows the
composition in which the material is fabricated. The
fabrication of composites is done by stir casting
method, Due to its suitability in producing uniformly
distributed reinforcements. Al6061 was purchased in
the form of ducts and then were cut into pieces to as
per requirement of the crucible. Table-2 and 3 shows
the composition of Al6061 alloy and its mechanical
properties respectively. Casting process is done by stir
casting technique and the machining process is done
by EDM Machine. The Surface roughness of the
machined surface is tested in Surface roughness
testing equipment. The parametric studies were
conducted for the surface roughness and material
removal rate.

COMPOSITION
1
2
3

Al1060
(in gram)
700
700
700

DISILAZANE
(in gram)
70
140
210

Table 2. Chemical Compositions in percent by weight
of Al6061
Alloy
6061
Si
0.4-0.8
Fe
0.7
Cu
0.15-0.40
Mn
0.15
Mg
0.08-1.2
Zn
0.25
Ti
0.15
Cr
0.04-0.35
Al min
99.50
Table 3. Mechanical properties of Al6061
Density (g/cm3)
2.7
Ultimate Tensile Strength (MPa)
310
Yield Tensile Strength(MPa)
276
Elongation %
12
Modulus of Elasticity
68.9
Poisson ratio
0.33
Metallic moulds of required shapes are used to
obtain the specimens for tests. The molten metal of
aluminium obtained by stir casting is poured into the
moulds.
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Fig. 2. Schematic diagram of Stir casting of MMC.
2.3. Fabrication of Al6061/SiC Composites Stir casting
Stir casting includes filtration of particles or fiber
packages by liquid metals or alloys. At first, the solid
reinforced materials are mixed in the metallic matrix
melt, and the mixture is then permitted to harden in a
particular shape or ingot [5].This is achieved by
utilizing conventional processing machineries on a
continuous or semi continuous background having
great molecule wettability. The homogeneity of the
MMCs relies upon the mixing speed and time. For Al–
SiC-based MMCs; it has been discovered that the
expanding of stirring speed prompts get more
homogeneous MMC along the deposition direction.
Good wetting in the molten metal also depends on the
degree of mixing that can be controlled by different
shapes of mixer blade [6]. The schematic of stir
casting is depicted in Fig.2 above.

3. EXPERIMENTAL ILLUSTRATIONS

etchants or may be by the grinding of the surface.
Thread like grain boundaries are due to fine particles
of reinforcements added with matrix.

Fig.3.1. (a) SEM Micrograph
of Al6061 alloy for sample1

(b) SEM Micrograph of Al10% disilazane (C6H19NSi2)
for sample 1

Fig. 3.2. (a) SEM
Micrograph of Al6061 alloy
for sample 2

(b) SEM Micrograph of Al20% disilazane (C6H19NSi2)
for sample 2

3.1. Microstructure
Scanning Electron Microscopy (SEM) is the device
used to view the particles and grain size of the
specimen. The specimen is prepared by polishing
10×10×10 mm cube. 5% of volume of HF etchant is
used to etch the surface of the sample and it is washed
in distilled water before carrying out SEM. The
micrographs obtained by scanning electron
microscopy show the dispersion of the reinforcement
particles in the matrix [12,13,14]. The SiC particles
were evenly distributed was clogged at some places.
There is an agglomeration of particles. Appearances of
small pits are due to oxidation of surface by the

Fig. 3.3. (a) SEM
Micrograph of Al6061 alloy
for sample 3

(b) SEM Micrograph of Al30% disilazane (C6H19NSi2)
for sample 3

3.2. X-Ray diffraction
The X-ray spectra from the casted specimen are shown
in Figure 4, which shows the formation of the Al 2Si
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intermetallic phase. The formation of silicides when
metals are reacted with polymer-derived silicon
carbonitride has been reported in the literature. [7, 8].
The nature of their experiments was quite different
from ours, because in our case, a small amount of the
polysilazane was added to the metal melt and
pyrolysis was carried out within the molten melt.
Janakiraman et al.[8] used mixed polysilazane and
heated them from 10000C to 16000C in argon
atmosphere. It should be kept in mind that the peaks of
SiCNO phases have not appeared in diffraction spectra
as they are amorphous in nature. It is more obvious
that while Al peaks are observed in all fabricated
composites[15]. It is pertinent to mention that the
mean volume fraction of PDC particles in in-situ
MMCs having Al2Si crystals is found to be always
greater than that of projected volume fraction, which
was about 2.5%.

Ra is typically considered to be the high-frequency,
short-wavelength component of a measured surface
(see surface metrology). However, in practice it is
often necessary to know both the amplitude and
frequency to ensure that a surface is fit for a purpose.
Ra of the samples is measured by using surface testing
machine and the values are tabulated in Table 4.
Table4. Experimental values of Roughness Testing
Exp.
No

IP
(A)

Ton
(µs)

Gap
Voltag
e
(volt)

1
2
3
4

5
7.5
10
5

10
15
20
10

20
30
50
20

Rough
ness
Value
(Ra)
µm
3.472
6.432
6.047
3.243

Time
duration
during
experime
nt (min)
3
2
2
3

4.1. L9 Orthogonal array

Fig. 4. XRD spectra of fabricated in-situ MMC

4. SURFACE ROUGHNESS TEST
Surface Roughness (Ra) is a component of surface
texture. It is quantified by the deviations in the
direction of the normal vector of a real surface from its
ideal form. If these deviations are large, the surface is
rough; if they are small, the surface is smooth. The Ra
is measured using SURFTEST machine shown in
Figure 5.

Fig. 5. Schematic diagram of Surface Roughness
testing machine.

While there are numerous standard orthogonal arrays
accessible, each of the exhibits is intended for a
particular number of design variable and levels. For
instance, in the event that one needs to lead an
investigation to comprehend the impact of 4 different
independent variables with every variable having 3 set
values (level values), at that point a L9 orthogonal
array may be the correct decision. The L9 symmetrical
array is intended for understanding the effect of 4
independent factors each having 3 factor level values.
This exhibit expects that there is no association
between any two factors. While much of the time, no
cooperation model presumption is substantial, there
are a few situations where there is an unmistakable
confirmation of interaction. A run of the mill instance
of interaction would be the interaction between the
material properties and temperature. At that point
readings are classified in below Table 5.
The Material Removal Rate (MRR) can be
characterized as the mass of material removal
partitioned by the machining time. Another approach
to characterize MRR is to imagine an instantaneous
material removal rate as the rate at which the cross
segment zone of material being removed travels
through the work piece. The MRR values are
calculated and displayed in Table 5.
Table 5. Metal Removal Rate and Surface Roughness
values
S.NO.
IP
TON
V MRR(mg/min)
SR
(µm)
1
5
10
10
50
3.472
2
5
15
20
59.5
4.213
3
5
20
50
65
6.432
4
7.5
10
30
43.33
3.124
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5
6
7
8
9

7.5
7.5
10
10
10

15
20
10
15
20

50
20
50
20
30

85
56
48
64
58.5

6.047
3.214
2.912
4.543
4.012

5. CONCLUSION
(1) In-situ aluminium matrix composites were
fabricated successfully by injecting cross-linked
polysilazane directly into, and having it convert to
the SiCNO ceramic phase, within molten Al/Alalloy using liquid stir- casting method.
(2) During in-situ pyrolysis, it is possible to minimize
the formation of Al2Si phase by reducing the
processing temperature from 800°C to 700°C.
(3) Machining Aluminium metal matrix composites
in the EDM machine produces good performance
measure values.
(4) The variation of surface roughness with respect to
the gap voltage is very significant. The percentage
of reinforcement decreases the surface roughness
in aluminium composites.
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