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ABSTRACT 

 In this paper, sound absorption & noise reduction properties of Al/cenosphere composite matrix. 

cenosphere is a thermal power plant waste product has been used as microballoons to substitute costly ceramic or 

metallic microballoons. To make light-weight micro-porous aluminium-syntactic matrix (ASM) through stir-

casting technique Al/ cenosphere matrix have better damping and sound absorption properties than Al matrix due to 

the existence of a large number of cenosphere and a great amount of Al/cenosphere interface in the composite 

matrix which are beneficial to the absorption of the vibration energy. In the present modest attempt has been made 

to develop aluminium based cenosphere MMCs with an objective to develop a conventional low cost method. 
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INTRODUCTION 

          In the present life metals are used for the variety of applications like automobile, aerospace, daily using 

utilities and for other infrastructure. These metals have influenced the human life very much. Metal matrix 

composite (MMC) is engineered combination of the metal (Matrix), aluminium-matrix composites are not a single 

material but a family of materials whose stiffness, strength, density, thermal and electrical properties can be 

tailored. The matrix aim involved in sound absorption &noise reduction properties of metal matrix composite 

materials. Among discontinuous metal matrix composites, aluminium matrix of high corrosion resistance have been 

justified like attractive sound absorption material. Great attraction of the above material is lying in their 

multifunctional ability ensured by unique combination of absorption ability with high stiffness at light weight, 

mechanical isolation, fire protection and chemical stability.  Strength plus thermal insulation plus acoustic 

properties plus energy absorption, then in the realm of syntactic foam and the basis for all of that functionality is 

the wide selection and targeted properties that can be achieved through microballoon selection. For use as sound 

proofing material that can be installed along the sides of a road or highway to reduce traffic noise. Noise pollution 

and other environmental problems have assumed greater prominence, creating the need for sound shielding. A 

foam structure with enhanced sound absorbing capability. 

MATERIALS AND METHODS 

Aluminium: The matrix material used for the MMCs. This alloy is best suited for mass production of lightweight 

metal castings. Al alloy has numerous benefits like formability, weldability, corrosion resistance, sound absorption 

and low cost.one final benefit is the life cycle benefits provided by aluminium. 

Cenosphere: Fly ash is produced during coal combustion and is an industrial waste by-product.  Nearly half of the 

fly ash produced in the United States is dumped in landfills.  One of the challenges in developing applications of 

this waste product is to separate the useful hollow particles, called cenospheres, from the coal combustion by-

products, which include a wide variety of impurities. These processing methods add cost to this otherwise freely 

available material however, the cost of fly ash cenospheres is still much lower than synthetically made 

microballoons. Incorporating cenospheres in metals can lead to substantial savings on the cost of raw materials and 

reduce the pollution that is generated in the production of metals like aluminium, which consume a lot of energy in 

their production. Fly ash particles have predominantly SiO2, Al2O3, and Fe2O3 in their structure. Such possibilities 

should be considered while developing processing techniques and applications for cenosphere filled syntactic 

foams. 

Table.1.Chemical composition of cenosphere 

Component SIO2 AL2O3 CAO K2O FE2O3 TIO2 MGO NA2O 

Wt. % 52-62 30-36 0.1-0.5 1.2-3.2 1.0-3.0 0.8-1.3 1.0-2.5 0.2-0.6 
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Figure.1.Cenosphere Figure.2.Cenosphere thickness, radius 

  
Figure.3.Cenosphere microballoon Figure.4.Hollow space within the Cenosphere 

Synthesis of cenosphere filled aluminium composite: Aluminium SFs were prepared through the stir-casting 

technique which involved melting of aluminium alloy, mixing of preheated cenosphere particles in the melt through 

mechanical stirring and casting of the cenosphere-melt mixture in a preheated die assembly under application of 

slight pressure (1–3 MPa). The casting was obtained in the form of billet of size 100 × 100 × 50 mm. In the present 

study Al-alloy was used as matrix alloy. It nominally contains 4.6 wt.% Cu, 0.8 wt.% Mg, 0.5% Si, 0.2% Fe and 

rest aluminium. In order to vary the porosity fraction in SFs, the volume fraction of cenospheres in the SF varied 

during its synthesis. Seven different heats were taken to make SF with varying cenosphere content. SF from 

different trial heats were named after their trial number. For example, SF from trial number one is referred as 

Sample1 and so on. This terminology has been used in the subsequent discussion. The volume fraction of 

cenosphere in each trial has been reported in Table 1. 

Density of materials and volume fraction of cenosphere: The density of the cast billet was measured using liquid 

displacement method. The weight was measured up to 0.1 mg accuracy. The volume fraction of the cenosphere (fc) 

and porosity was measured using the methodology as mentioned elsewhere. The void fraction of ceneosphere is 

measured using the density of crushed cenosphere (qcc) and the true density of the cenosphere particles (qc). qc 

and qcc were measured usingAutosorb-1 Surface Area and Pore Size Analyzer (ASAPSA). The volume fraction of 

cenosphere (fc) in the SF is measured from two different techniques (i) using point counting technique (PCT)  

and(ii) using the following relation where qm is the density of matrix material, qsf is the density of syntactic foam. 

The porosity fraction (fp) in SF was determined usingthe following relations with the assumptions that (i) thereis 

no extra porosity in SF other than the porosity due to voids in the cenosphere particle and (ii) the cenospheres 

particles are not broken during processing and get infiltrated with the liquid metal Size distribution of cenospheres 

The size of the cenosphere particles were measured from the SEM photograph. Each of the cenosphere particles 

were measured from the photograph and at least 300 randomly selected cenosphere particles were measured. The 

size of the cenosphere particles were recorded in three different stages: (i) as-received, (ii) preheated (after heating 

at 900 .C for one hour) and (iii) within SF in order to examine major changes, if any, during processing stages. 

Stir Casting: Stir casting is one of the processes in which dissimilar materials are mixed by stirring process. This 

method is simple and more commercially used technique and it is also called as vortex technique. The main 

advantage of the stir casting process is to create good wetting between the particulate reinforcement and the liquid 

aluminium melt. This will lead to a good bonding between the reinforcement and matrix material. Pre-treating is 

required before the process. In this work, matrix material Al is just heated to some temperature level before the 

melting to the liquid form. For the stirring process rotating impeller and hand stirring may be used. Rotating 

impeller may lead to air bubble formation in the material during stirring process which cause pores in the resulting 

material.  
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Figure.5.stir casting apparatus 

 

RESULTS & DISCUSSION 

Sound & noise reduction properties: The ability to damp vibration coupled with mechanical stiffness and 

strength at low weight makes an attractive combination if this is combined with vibration damping and sound 

absorption the product quality is enhanced. Aluminium Metal foams have higher mechanical damping than the 

solid of which they are made but this is not the same as sound absorption. Sound absorption means an incident 

sound wave is neither reflected nor transmitted its energy is absorbed in the material. There are many ways in 

which this can happen by direct mechanical damping in the material itself, by thermo-elastic damping by viscous 

losses as the pressure wave pumps air in and out of cavities in the absorber and by vortex-shedding from sharp 

edges. Sound is measured in decibels and this is a logarithmic measure in accord with the response of the ear.  

The result is that – as far as human perception is concerned – a sound-absorption coefficient in the acoustic 

range of 0.5 (meaning that half the incident energy is absorbed) is not much good. To be really effective, the 

absorption coefficient must be exceed 0.9. The best acoustic absorbers easily achieve this Sound is caused by 

vibration in an elastic medium. In air at sea level it travels at a velocity of 343 m/s, but in solids it travels much 

faster: in both steel and aluminium the sound velocity is about 5000 m/s. The wave velocity, is related to 

wavelength and frequency. To give a perspective the (youthful) human ear responds to frequencies from about 20 

to about20 000 Hz, corresponding to wavelengths of 17m to 17mm. The bottom note on a piano is 28 Hz; the top 

note 4186 Hz. The most important range, from an acoustic point of view, is roughly 500–4000 Hz 

  
Figure.6.Sound absorption Figure.7.Sound absorption vs frequency 

 
Figure.8.Aluminium composite 
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CONCLUSION 

The cenosphere primarily contains alumino-silicate phases and are not subjected to any phase 

transformation up to 900ºC. Hence these are suitable for making cenosphere filled aluminium SF. It is further noted 

that the cenospheres are almost spherical in nature and some of the cenospheres are associated with tiny cenosphere 

on their surfaces. The shells of the cenospheres are porous in nature. The porosity level in the cenosphere shell is 

around 10%. The cenospheres retains their shape and size during mechanical stirring and thus effectively could be 

used for making cenosphere filled aluminium SF using stir-casting technique. 

       Cenosphere primarily contains sio2 phases and are not subjected to any phase transformation. Hence these are 

suitable for making cenosphere filled aluminium SF. It is further noted that the cenospheres are almost spherical in 

nature and some of the cenospheres are associated with tiny cenosphere on their surfaces. The shells of the 

cenospheres are porous in nature. The porosity level in the cenosphere shell is around 10%. The cenospheres 

retains their shape and size during mechanical stirring and thus effectively could be used for making cenosphere 

filled aluminium SF using stir-casting technique. Aluminium matrix composite show better sound absorption & 

noise reduction properties. The energy absorption efficiency of composites was higher at high strain rates compared 

to the quasi static value, but it was nearly the same at all high strain rates. In the present case, the fly ash 

cenosphere fraction was low in the composites. Higher levels of cenosphere loading can help in achieving higher 

energy absorption. 
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