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ABSTRACT

Material world requires a strong research to produce a new class of materials having light
weight, higher strength and better performances. This has been leads to investigate for high
strength light weight alloy. The main objective in developing aluminium metal matrix
composites is to provide enhanced characteristic performances and properties above the
currently available materials. Preparation of AMMC by P/M technique is a low cost efficient
method. Mechanical properties of the composite by adding silicon carbide may obtain better
microstructure and mechanical properties of the composite. A per the literature a new type
of aluminium composite has been tries to develop which will offer attractive mechanical
properties such as high strength, easy machinability, appreciable density, and low
manufacturing cost etc. Aluminum powders of 99.55% purity and 325 mesh sizes are mixed
with alloying metals like Copper, Magnesium, Silicon and Silicon Carbide powders in a
precisely controlled quantity. During the process of powder metallurgy (P/M) product
preparation, it was minutely observed to attain the maximum efficiency and accuracy.
Aluminium (Al) is a light weight material but doesn't possess a good strength. To achieve
this, Copper (Cu), Silicon (Si), Magnesium (Mg) & Silicon Carbide (SiC) powders were
blended with it at required proportions. The compaction was carried out with help of a C-45
steel die by power compaction press with a load of 150KN to 250KN. The obtained green
products were sintered in a Muffle furnace to produce the final Aluminium Metal Matrix
Composites (AMMCs) product.

INTRODUCTION

Based upon AMMC the prospective present paper evaluate the various potentials like application
of AMMC, the percentage of various reinforcements, processed methodology, microstructure and
mechanical behaviors e.g. strength, wear ,corrosion etc. and its effects are discussed. Si-C reinforcement in
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Al-composites in different weight percentages will affect the clustering of particles and particle cracking in
weak matrix-reinforcement bonding. Aluminium metal matrix composites are better and high performance
materials for industrial applications due to its appreciable properties over the traditional aluminium or its
alloys [1-4]. It is applied in the fabrication of different components in automobile, electronics, aerospace,
nuclear defence, architectural applications, window frames, irrigation tubing, petroleum and chemical
industries at lower cost. The composites have unique properties than the individual metal elements.
Researchers are focused upon the exceptional materials like Aluminium composite for its better
advantages. Aluminium metal matrix composites (AMMCs) are helpful towards fabrication of different
fields in engineering applications. AMMCs including copper, silicon, magnesium, silicon carbide and
aluminium shows better stiffness, hardness and tensile strength [5-7]. The Interfacial relations between
matrix, its reinforcement and nature of bonding determine the structure and properties of the composites
[8-10]. Powder metallurgy (P/M) is such a technique used for its special attributes like lower sintering
temperature, cost effective and homogeneous distribution of reinforcements within matrix [11-15]. Al
composite Preparation by powder metallurgy process can effectively avoid the unfavorable interfacial
chemical reaction at low temperatures, the product quality is adequate and the volume fraction of particles
in the composite is easy to control.

METHODOLOGY

In the present experiment, the powder metallurgy (P/M) [16-20] method was adopted for
processing of AMMCs and the reinforcement of metal powders were added into the matrix. The Cu powder
of particle size 325 meshes with purity 99.77%, Si powder of particle size 325 meshes with purity 99.87%,
Mg powder of particle size 100 meshes with purity 99.80% and SiC powder of particle size 325 meshes
with purity 99.55% are mixed and blended with Al powder of particle size 325 meshes with purity 99.55%.
In this composite material, the volume fraction of SiC particles 5% and 10% were added separately with
Al-Cu-Si-Mg [21] in a volume fraction 0f91.5% - 2.5 - 0.5% - 0.5% respectively. The mixed /blended powder
was compacted in digital compression testing machine with a rate ofloading 0.208KN/sec and up to 250KN
(521.02MPa). The green compacted specimens were removed and sintered in a muffle furnace. The
sintering temperature was 6200C and was annealed for 24hours.

RESULT AND DISCUSSION

Microstructure Test

The examination of micro-texture was investigated the shape morphology, grain size and
distribution of Aluminium, Copper, Silicon, Magnesium and especially silicon-carbide particles.

A

10% SiC in AMMCs

Metallurgical Microscope

Fig.1 Microstructure of Al-composite with Cu, Si, Mg and SiC
The microstructures of the composite were studied by using inverted metallurgical microscope

and scanning electron microscope. The microstructures show the nearly uniform distribution of silicon
carbide particles in aluminium composite and some clustering of silicon carbide arise reinforcement in it.
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The composite microstructures decreased with decrease in compact load. The degradation in
microstructures was more pronounced for the under-load microstructure than the peak-load
microstructures. Also it indicates increasing the load ratio resulted in higher fatigue strength. The
composite materials may be useful for remarkable lightweight materials in automobile parts.
Experimentally it was found that in addition with SiC reinforcement particles, the composite shown lower
wear rate compared to other Aluminium composites. The improved distribution of the Si-C reinforcement
in matrix will improve more tensile strength and cohesive force of the cluster.

Silicon carbide distributions in the composites are affecting directly the performance of the
materials. This observed that very few particles of silicon are heterogeneously nucleated on the particle of
SiC. If the separation of SiC occurs between the particles due to contact with each other, it will result the
formation of porosity in the material. The microstructure of the composite is shown in Fig. 1 and Fig. 2. SiC
particles are also considered to avoid the possibility of particle fracture and de-bonding under severe stress
at the interface of particulate-matrix. Due to high pressure during the compaction process, a dense
microstructure was obtained which was helpful for the improvement of material strength and heat
conduction capacity.
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Scanning Electron Microscope 5% SiC in AMMCs 10% SiC in AMMCs
Fig. 2 Microstructure of Al-composite with Cu, Si, Mg and SiC
XRD Test

Figure3 shows the XRD pattern of composite materials. It can be seen that the phase product are
Al, Cu, Si, Mg and SiC phase. The sintering did not produce other phases; there are no interface products
and other chemical reactions. But the randomness or aggregation of the reinforced particles in the metal
matrix is difficult to ensure the higher tensile properties because of brittle phase. The particle distribution
at the interfacial bonding of the matrix is directly affects the tensile strength of the composite. In this
present study is trying to explore a low thermal expansion and good mechanical properties composites.
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Fig. 3 XRD pattern of Al-SiC
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Fig. 4 XRD pattern of Al-composites

Material Characterization
Hardness Test (Rockwell)

XRD Test Figure3 shows the XRD pattern of composite materials. It can be seen that the phase
product are Al, Cu, Si, Mg and SiC phase. The sintering did not produce other phases; there are no interface
products and other chemical reactions. But the randomness or aggregation of the reinforced particles in
the metal matrix is difficult to ensure the higher tensile properties because of brittle phase. The particle
distribution at the interfacial bonding of the matrix is directly affects the tensile strength of the composite.
In this present study is trying to explore a low thermal expansion and good mechanical properties
composites.

Rockwell B Hardness Test

Depth of impression

Fig.4.Rockwell Hardness Tester
The major advantages of Rockwell hardness test is its ability to display hardness values directly

and the determination of hardness of a material involved by the application of a minor load followed by a
major load.
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Table 1 Sample-I for 5% SiC reinforcement

S1. No. Compacted Samples Hardness Test
(Aluminium-91.5 wt %, Copper- 2.5 wt%, Magnesium- 0.5 (HRB)
wt%, Silicon- 0.5 wt% and Silicon Carbide- 5 wt%)
x= S1C wt%
1 5 45.0
2 5 45.5
3 5 47.0
4 5 47.5
5 5 48.5
6 5 49.0
7 5 49.0
8 5 50.0
9 5 50.5
51
50 //
2 49 /
48
@ 47 I
£ 46 ol
T 45 i
= 44
43
42
2 3 4 <] 6 7 8 B
Samples with § Wt % of SiC
Graph 1 Samples Vs Hardness
Table 2 Sample -1I for10% SiC reinforcement
SI. No. Compacted Samples Hardness Test
(Aluminium-91.5 wt %, Copper- 2.5 wt%, Magnesium- 0.5 (HRB)
wt%, Silicon- 0.5 wt% and Silicon Carbide- 10 wt%)
x= SiC wt%
1 10 48.0
2 10 48.5
3 10 49.5
4 10 50.0
5 10 50.0
6 10 51.0
7 10 51.5
8 10 313
9 10 52.0
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Graph 2 Samples Vs Hardness

As the adding of higher weight percent of silicon carbide in AMMCs, it shows higher the BHN value.
Then the research will continue to find out different machinability aspects of sintered products.

Density and Porosity Test

Aluminium used as a main raw material known as matrix material and was reinforced with Cu, Mg,

Si, SiC. The composite material was developed with the process starting with selection of metal powders,
weighing, mixing/blending, compacting and sintering. The AMMCs was reinforced with 5% and 10% SiC
weight basis separately. The calculation of sintered density by application the law of ‘rule of mixture’ is

shown below.

Table 3 Sample 1 of 5% SiC reinforcement

Raw Metal Powders Atomic Density | Weight Percentages Rule of Mixture

Number (p) (%) 1in mixture (p xx)

in gm/cm’ (x) in gm/cm’?
Aluminium (Al) 13 2.70 91.5 2.4705

Copper (Cu) 29 8.96 25 0.224

Magnesium (Mg) 14 1.738 0.5 0.00869

Silicon (Si1) 12 2:329 0.5 0.011648
Silicon Carbide (SiC) & 321 5 0.1605

Total 100 2.875338

Table 4 Sample II of 10% SiC reinforcement

Raw Metal Powders Atomic Density | Weight Percentages Rule of Mixture
Number (p) (%) in mixture (p xx)
in gm/cm’ (x) in gm/cm’
Aluminium (Al) 13 2.70 86.5 2.3355
Copper (Cu) 29 8.96 25 0.224
Magnesium (Mg) 14 1.738 0.5 0.00869
Silicon (Si1) 12 2,329 0.5 0.011648
Silicon Carbide (SiC) - 3.21 10 0.321
Total 100 2.900838
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CONCLUSION

AMMC produced by powder metallurgy technique is a low cost efficient method. The mechanical
properties of the composites are improved as the silicon carbide particles obtain higher volume fractions
in the composites. Both industrial and academic researchers have displayed their interest in AMMCs and
this has increased the survey of literature on microstructure and mechanical properties of the composites.
It has been observed that the hardness is increased with increasing the amount of reinforcements.

1. Hardness of AMMC shows the best results when Si-C is reinforced at 5% and 10% weight
percent.

2. Hardness increases with the increase in silicon carbide but decreases with the decreases in
silicon carbide. To obtain an optimum hardness the reinforced material can be used in proper

proportions.

3. Reinforcing the matrix with silicon carbide very negligible pores will obtain if the mixing is done
properly.

4. The AMMC shows prominent results in increasing the wear resistance.

5. Uniform distribution is apparently found in AMMC. 6. Apart from mechanical properties the XRD
pattern shows the Si-C present in the matrix at different intensities where the further research
may concentrate.

Appendix
The density of sample-I:
D = Diameter of Sample
=2.0cm
R = Radius of Sample
=1.0cm
H = Height of Sample
=7.5cm
\'% = Total Volume of the Sample =z 1> H

=nx(1.0*x73
=22.942 cm®
So,  Density of Sample (p) = Mass/Volume
=59.59 gm /22.942 cm?
=2.597419 gm/cm’
Porosity can be calculated by using the following equation:

The theoretical density of the material = 2.875338 gm/cm®
The actual/experimental density of the material = 2.597419 gm/cm?
P(Theoretical) “P(Experimental) 2.875338 — 2.597419

Porosity = x 100 = —seam 100
p(Theoretica]) 4 28

=9.66 %

The density of sample-II:
D = Diameter of Sample
=2.0cm
R = Radius of Sample
=1.0cm
H = Height of Sample
=7.1cm
A% = Total Volume of the Sample = r* H
=nx(1.0)*x 7.1
=22.314 cm®
So,  Density of Sample (p) = Mass/Volume
=60.0 gm/22.314 cm?
=2.688894 gm/cm’

Porosity can be calculated by using the following equation:

The theoretical density of the material = 2.900838 gm/cm?
The actual/experimental density of the material = 2.688894 gm/cm’

P(Theoretical) “P(Experimental 2.900838 — 2.688894
( ) (Exp )« 100 = 2200838 ~ 2688894 14
2.900838

Porosity =
p(Theoretical)
=7.306 %

doi: 10.1016/j.eng.2018.07.020 95



JOURNAL OF MODERN MANUFACTURING SYSTEMS AND TECHNOLOGY 03 (2019) 089-097

REFERENCES

[1]

(2]
[3]
[4]

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]
[22]

Ibrahim, M.A., Sahin,Y., Auwalu Yusuf Gidado, A.Y., Said, M.T.(2019), ‘Mechanical Properties of
Aluminium Matrix Composite Including SiC/Al203 by Powder Metallurgy-A Review’, Global
Scientific Journals(GS]J), Vol.7, no. 3, pp.23-38.

Kalra,C., Tiwari,S., Sapra,A., Mahajan,S., and Gupta,P.(2018), ‘Processing and Characterization of
Hybrid Metal Matrix Composites,’ ]. Mater. Environ. Sci., vol. 9, no. 7, pp. 1979-1986.

Garg,P., Gupta,P. , Kumar,D. and Parkash, 0.(2016), ‘Structural and Mechanical Properties of
Graphene reinforced Aluminum Matrix Composites,’ Jmes, vol. 7, no. 5, pp. 1461-1473.

Gupta,P., Kumar,D., Quraishi,M.A., and Parkash,0. (2016), ‘Influence of processing parameters on
corrosion behavior of metal matrix nanocomposites,’ ]. Mater. Environ. Sci., vol. 7, no. 7, pp. 2505-
2512.

N. S. A. and Ravichandran, M. A. V., ‘Synthesis and Forming Behavior of Aluminium-Based Hybrid
Powder Metallurgic Composites (2014),” Int. ]. Miner. Metall. Mater., vol. 21, no. 2, pp. 181-189.

S. J. and Zulkoffli, Z. S. Z. (2009), ‘Fabrication of AL61/SiC Composites by Powder Metallurgy
Process,’ Int. ]. Mech. Mater. Eng,, vol. 4, no. 2, pp. 156-159.

Mahboob,S. Sajjadi,M., H. Zebarjad,S.A., (2008), ‘Synthesis of Al-Al203Nanocompo-site by
Mechanical Alloying and Evaluation of the Effect of Ball Milling Time on the Microstructure and
Mechanical Properties,” Proc. Int. Conf. MEMS Nanotechnology. (ICMN ‘08). Kuala Lumpur,
Malaysia, pp. 240-245.

Wu,C,, Ma,K, Wu,]., Fang,P., Luo,G., and Chen,F.,(2016), ‘Influence of particle size and spatial
distribution of B4C reinforcement on the microstructure and mechanical behavior of precipitation
strengthened Al alloy matrix composites,” Mater. Sci. Eng. A, vol. 675, pp. 421-430.

Diler,E. A. and Ipek,R.,(2013), ‘Main and interaction effects of matrix particle size, reinforcement
particle size and volume fraction on wear characteristics of Al -SiCp composites using central
composite design,” Compos. Part B, vol. 50, pp. 371-380.

An,E., Ghiami,A.,, and Ipek ,R. (2015), ‘Effect of high ratio of reinforcement particle size to matrix
powder size and volume fraction on microstructure , densification and tribological properties of
SiC reinforced metal matrix composites manufactured via hot pressing method,’ Int. J. Refract. Met.
Hard Mater., vol. 52, pp. 183-194.

M. M. and M. Ravichandran(2018), “Synthesis of Metal Matrix Composites via Powder Metallurgy
Route: a Review,” Mech. Mech. Eng,, vol. 22, no. 1, p. 6575.

Hossaini, M. A., Aarabi, H., Bidi, A., and Mohammadkhani, M. (2015), ‘Construction and properties
of Al/SiC composites using nano silicon carbide by powder metallurgy technique in pure aluminum
alloy,’ vol. 6, no. 9, pp. 807-811.

Jeevan.V, Rao, C.S.P and Selvaraj, N. (2012) ‘Compaction, Sintering And Mechanical Properties of
Al-Sic Composites’, International Journal Of Mechanical Engineering and Technology (IJMET), vol.
03, no. 03, September - December, pp.565-573.

Bodukuri,A.K,, Eswaraiah.k, Rajendar,K. and Sampath,V.(2016) ‘Fabrication of Al—SiC—B4C metal
matrix composite by powder metallurgy technique and evaluating mechanical properties’,
Perspectives in Science, vol 08,pp. 428-431.

C.Parswajinan et al.(2016)’Design and fabrication of Impact Die’, Science Direct PMME 2016.
Abhilash,].,Govindaraju,M. ,Reddy, S.L.N. and Srikanth,K.(2015) ‘Design, Analysis and Fabrication
of a hydraulic die ejector for a powder metallurgy component’, International journal of Mechanical
Engineering and Robotics Research, ISSN : 2278-0149, vol 4, no. 1,pp.75-80.
Bhasvarajappa,S.,Chandramohan, G. Mahadevan,A, Thangavelu, M. Subramanian, R. and
Gopalkrishnann, P. (2007) ‘Influence of sliding speed on the dry sliding wear behavior and the
subsurface deformation on hybrid metal matrix’, vol.6,no.2,pp.107-112.

Nijamudeen, M.S.N.K,, Muthuarasu,G., Gokulkumar, G., Nagarjunan, A. and Pravin, T. (2017),
‘Investigation on Mechanical Properties of Aluminium with Copper and Silicon Carbide using
Powder metallurgy technique’, Advances in natural and Applied Sciences,vol.11,n0.4,pp.277-280.
Xuguang,A.,Wusheng,Z. and Yu,L.(2012)’Effect of sintering temperature on compressive strength,
porosity and microstructure of Al-Cu bearing oil bearing, Powder metallurgy technology’,
vol.30,n0.2,pp.108-111.

Wenquan,H. and Changzhi,C.(2011)’Effect of heat treatment on Microstructure and properties of
Al- Cu-Mg alloy’.Heat Fabrication Technology,pp.157-159.

Schaffer, G.B. (2004) ‘Powder processed Aluminium alloys’, Materials Forum, vol. 28, pp.65-74.
Jangra, K.K,Raj,T. and Sharma,N.(2015)Fabrication and Development of die for Powder
Compaction Press’, IOSR Journal of mechanical and Civil Engineering (IOSR-JMCE), PP 20-2

doi: 10.1016/j.eng.2018.07.020 96



JOURNAL OF MODERN MANUFACTURING SYSTEMS AND TECHNOLOGY 03 (2019) 089-097

[23] Kumar,A. and Parihar,A.S.(2016) ‘A review on Mechanical and Tribological behaviors of Stir Cast
Copper- SiC matrix composites’, International Research Journal of Engineering and Technology,
vol 03,no0. 04,pp.145-148.

[24] Kumar,E.Githendra,Ahsan,Md.,Venkatesh,K.and Sastry,K.S.B.S.V.S. (2018), ‘Design,fabrication of
powder compaction Die and Sintered behavior of copper Matrix Hybrid Composite’,International
Journal of Engineering and technology(IRJET),vol.05,n0.04,pp.876-882.

[25] Bhagat,Ram.B. (2018), ‘Advanced Aluminium Powder Metallurgy alloy and Composites’,ASM Hand
Book,vol.7,pp.840-858.

doi: 10.1016/j.eng.2018.07.020 97



