International Journal of Engineering Research and Technology. ISSN 0974-3154, Volume 12, Number 10 (2019), pp. 1664-1667
© International Research Publication House. http://www.irphouse.com

Fabrication Characterization and mechanical behavior of
AL-10Mg- FA-SIC metal matrix composites

!G.Rajeswara Rao, 2Jami Ramesh, 3V.Chittaranjan Das

12 Research Scholar, Dept. of Mechanical Engineering, Acharya Nagarjuna University, Guntur, Andhra Pradesh, India.
3Dept. of Mechanical Engineering, R.V.R & J.C CE, Guntur-522019, Andhra Pradesh, India.

Abstract

Tests have been performed under laboratory condition to
survey the mechanical properties of the composites with
aluminum matrix Al-10Mg combination, strengthened with
silicon carbide (SiC) and Flyash. This has been possible by
manufacturing the examples through the vortex method.
Scanning Microscopy for microstructure analysis. Chemical
characterization of both matrix and composites was performed
by using EDAX. Hardness, density, and upsetting studies
were done on both the base and composites. Improved
hardness and twisted properties were observed for every one
of the composites. Scattering of (SiC) and Flyash particles in
aluminum grid upgrades the hardness of the composites
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1. INTRODUCTION

Aluminum metal composites (AMCs), a metal/combination
strengthened with ceramic particles, are known for their high
explicit quality, customized materials and having unrivaled
modulus and hardness properties [1-3]. They share a good
fraction in automobile and aerospace applications [4-6]. In
order to attain high strength to low weight ratios in materials
the usage of composites is very extensive which can be used
for sophisticated aerospace and automobile structures because
of their properties which can be customized in the course of
the accumulation of preferred reinforcements. Among these
particles, reinforced metal composites have discovered novel
interest because of their improved explicit stiffness and
explicit quality at a typical or raised temperature. Typically,
micron measured ceramic particles is utilized as a
reinforcement to improve the properties of the MMCs.
Because of their high heat resistant properties, particles are
primarily utilized as reinforcements. Out of different ceramic
production utilized flyash is one of the conservative just as
low-density provision which is accessible in abundance as
waste subsidiary during incineration of charcoal at power
plants. Ibrahim et al. [7] in his report found that the properties
of material acquired by methods for metal matrix composites
with fluctuating fortification rate up to 20% in an increase of
five, by considering inimitable alloys A6061, A2014, and
A356.1t is reasoned that by increasing support rate the
malleable properties like yield and extreme qualities has been
expanded while the extension of composite observed to be
diminished. Lloyd et al. [8] W.H et al. [9] and D Silva et al.
[10], particle triggered damage in MMCs has been considered,
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with Metal matrix composites with a size better than 10
pm.The breaking of particles has been seen which show the
prevailing damage component. Likewise, properties of metal
matrix composites will rely upon the particulate size. In the
present examination, an attempt has been made to get great
quality and flexibility by utilizing combination of
reinforcements.

2. EXPERIMENTAL
2.1 Fabrication of composites

Aluminum-based MMCs having 5 and10 weight rate SiC and
Flyash particles of 53um were created by swirl process. Al-
10Mg weas utilized as the base material. The composites were
delivered by one of the most toughened methods of stir
casting. Little measured ingots of aluminum-zinc combination
are stacked into a pot made of graphite and put in an electric
heater in which the melting was performed. A pool is made in
graphite cauldron utilizing a stirrer worked precisely and the
temperature ought to be kept up around 770°C all through the
vortex. The preheated particulates of SiC and flyash were
dropped consistently into the dissolve. To guarantee ceaseless
and smooth progression of the particles appropriate
consideration ought to be taken to evade the agglomeration.
The inactive gas protecting ought to be kept up all through to
maintain a strategic distance from the oxidation as the
throwing is presented to the environment during the blending
time around 2 to 3 minutes. All things considered, the dissolve
with fortification was in mixing condition the equivalent was
cast into a solid metal form which is preheated to 200 0C. The
created ingots were homogenized at 110 0C for 24hrs to limit
the concoction inhomogeneities and to evacuate any inward
anxieties actuated in the castings.

2.2. Characterization of composites
2.2.1 Metallography and hardness

To assess the morphological changes and basic investigation
of the composites and alloy, a Scanning electron microscopy
(SEM) (Model: Hitachi S-3400N - Japan) was utilized.
Vickers hardness analyzer (Model: VHS 5B-Banbros) is
utilized to discover the hardness of the composites and base
combination by taking 10 readings on a normal.
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2.2.2 Density studies

Density considers by utilizing the procedure of Archimedes
seepage strategy the densities of composites and base
combination were found by utilizing the connection:

pumc = (M) / ((m-my) x pH20)

by using the concept of rule of mixtures the theoretical density
calculations was done using following relation.

Pcomposite = VT pr + (1-VI‘) Pm

2.2.3 Tensile tests

Ductile properties of alloy and composites were controlled by
methods for INSTRON testing machine according to
American Society for Testing and Materials-E-8 principles.

SEM HV: 20.0 kV WD: 14.97 mm | VEGAS TESCAN[l  SEM HV: 20.0 kV WD: 15.03 mm

SEM MAG: 1.20 kx Det: SE 50 pm SEM MAG: 1.31 kx Det: SE

Plotting has done consistently through an information
accomplishment framework with an electronic extensometer.

3 RESULTS AND DISCUSSIONS
3.1 Microstructures & EDS of composites and base alloy

Figure 1 (a-c) demonstrate the SEM micrographs of
composites changing with wt. rates. We can see that,
expansion of particulates of the SiC and flyash in the base
compound, for example by expanding the fortification
substance by weight percent which can be seen recognizably,
figure ¢ demonstrates the microstructure of the base
composite and though the figure (d) demonstrates the
expansion of the particulates to the base compound,
distinction was seen unmistakably in the microstructures.

VEGA3 TESCAN| SEM HV: 20.0 kV WD: 15.05 mm VEGA3 TESCAN|

! !
20 pm SEM MAG: 12.3 kx Det: SE 5pm

View field: 173 ym  Date(m/dly): 05/17/17 COEXAMMPC - VFSTR Univ. View field: 159 ym |Date(midly): 05/17/17 COEXAMMPC - VFSTR Univ. View field: 16.8 ym  Date(m/dly): 05/17/17 COEXAMMPC - VFSTR Univ.

Figure 1: (a) SEM for base alloy b) 5% composite ¢)10% composite

3.2 EDS analysis

The EDS range of the composite delineates the presence of
Al, Mg and different components which is demonstrated
distinctly in figure 2 and no staining has occurred. Since the
ideal protecting of argon gas is kept up, hints of oxygen aren't
seen either with the base and composites

Area1

Figure 2. spectrum for composite

3.3 XRD analysis

The XRD analysis in figure 3, shows the presence of
silica SiO,, alumina Al,O, and Mullite 3Al,0;2Si0,

(282236, 2421, 1.4870)
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Figure 3. XRD of composite

3.4 Density and hardness studies

The normal hypothetical and estimated estimations of the
density for the base compound and composites have appeared
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in table 2. It was seen that the SiC and flyash particulate
expansion to the base alloy radically diminishes the thickness
of the resultant composites when contrasted with the base.
Table.2 Densities of combination and composites.

Table 2. Densities of alloy and composites

From table 3 it is evident that the composites exhibited
superior properties when compared to the base alloy. Figure 5
shows the fractured specimens for composites.

Table.3. Mechanical behavior of alloy and composite

S-Noj - Specimen Measured density | Theoretical density
Alloy 2.81 2.81
5% composite 2.54 2.59
10% composite 2.45 2.50

Composite Yield Ultimate tensile | Young’s
strength | strength (UTS), | modulus
(MPa) Mpa (Gpa)
Alloy 129.8 163.8 16.3
5% composite 152.5 198.1 195
10% composite 174.3 242.6 23.2

By increasing the rate of reinforcement, the base composite,
the density was observed to be diminished because of the low
dense flyash particulates and the reduction was more for 10
percent dispersion of particles when compared with 5 percent
and alloy, likewise, the reduction might be ascribed to the
expansion of porosity with flyash. The obtained densities were
checked by estimated densities and discovered lower than
hypothetical ones as portrayed in table2. Because of the
nearness of hard alumina and silica present in flyash and SiC,
the hardness was observed to be expanded from 102 VHN to
120 from base combination to composite with 5 %
fortification and 125 VHN for composite with 10% support.
The outcome proclaimed by Hassan, S. F et al. also, Ma, NG
etal. [11,12] is in comparable lines

3.5 Tensile studies

Tensile test examples with 6 mm measure width were
machined from expelled materials. Fig 4 a and b portrays the
test arrangement separately. Elastic properties of both
combination and composites were controlled by methods for
INSTRON testing machine according to American Society for
Testing and Materials-E-8 benchmarks. Plotting has done
persistently through an information attainment system with an
electronic extensometer

(@) (b)
Figure 4(a).Tensile specimen measurements as per ASTM E-8

(b) Tensile testing machine

ey i

Figure 5. Fractured specimens of composites

Mohan Vanarotti [13] detailed a backup increment in
extreme rigidity with the addition in reinforcement (SiC) in
the outline. Extended eminence was not in able with
subsequent increase in hardness because of risky
developing during the creation of the composite prompting
inhomogeneities. A reduction in stretching is seen with the
expansion in support substance and seems, by all accounts,
to be very recognizable from the improved hardness aligned
with expanded Silicon carbide content. Khalid A et al. [11],
reported that, with enhancement of Al,O3 in 6061 matrix
the mechanical properties like yield strength, modulus of
elasticity, ultimate tensile strengths seems to be improved,
whereas the ductility is decreased The improvement in
properties may be attributed because particles which are
hard incorporated in 606lalloy matrix where higher
functional stress are required to commence plastic
deformation in the matrix.

Gonzalez et al [12] reported, at the primer phases of twisting
the augmentation in burden surrendered by the particles is
for the most part because of the strain solidifying conduct of
the abutting grid, which is moderately flexible. A few
authors [16-19] proclaimed, the disruption of the composites
happens by a malleable component concerning the
nucleation and extension of voids in the base lattice, adding
to the mixture of the voids which are enormous and
beginning about cracked molecule and furthermore the
strain solidifying limit is overwhelmed from broke particles
bring about the conversation of concern to adjacent particles
causing more crack of the particle.

Figure 6 (a) (b) shows the microstructures of fractured
specimens of base alloy and composites. It is also evident
from the microstructures by adding particles base alloy leads
to enhance the tensile strength. The improvement in
properties is attributed due to the large particles which have
slightly sharp corner profile used for fabrication because of
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the notch effect due to sharp ends. The other reasons might
be the large particles have less exterior area in the matrix,
and also the flaws present in large particles enable easy
fracture under loading. The fractures in the composites
during the tensile loading mainly depends on some
important factors like cracking of particle, debonding of
particle from the matrix, particle agglomerations and also
due to interface inhomogeneities, structural alternations in
the matrix close to the interfaces or notch effects around and
brittle reinforcement particles.

WD: 23.93 mm
SEM MAG: 1.02 kx Det: SE 50 pm
View field: 205 ym  Date(m/dly): 04/10/17 CoEXAMMPC - VFSTR Univ.

4.99 mm VEGA3 TESCAN

SEM MAG: 1.07 kx Det: SE 50 pm
View field: 193 pm | Date(m/dly): 05/12/17 CoEXAMMPC - VFSTR Univ.

Figure 6 Al-10Mg base alloy (b) SEM for composite

4. CONCLUSIONS

By using stir casting method, the composites were fabricated
successfully. Uniform distribution of reinforcements in phase
is identified. A good bonding is observed between alloy and
composites also no voids were identified. The reduction in
densities were identified with increase in reinforcement
content. No oxygen peaks were identified which indicated that
there is no contamination of the composites from the
atmosphere. The composite hardness was increased by
reinforcement increase. The yield, ultimate tensile strength
and elastic modulus are enhanced to the composites compared
with alloy.
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