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ABSTRACT 

 Electronics waste are contains heavy metals and other toxic substances such as polychlorinated Bi-phenyls, Etched chemicals, 

etc. E-waste pose risk to health hazards such as inflammation and oxidative stress precursor to cardiovascular diseases, skin diseases, 

DNA damage and cancer, etc, and the dumping of E-waste spoils the fertility of the soil and causes lot of hazards to ecosystem. E-waste 

can be considered as a resource that contains use the full materials of economics benefit from recovery of plastics, Iron, Glass, 

Aluminium, Copper and precious metal such as Silver, Gold, Platinum, Palladium, etc. The Fly ash is one of the most inexpensive and 

low density reinforcement available in large quantities as a waste product during combustion of coal in thermal power plants. The 

recycle of E-waste aluminium hybrid metal matrix composite reinforced with      E-glass fiber and fly ash to prepare the specimen and 

investigation of mechanical properties such as tensile, compressive strength and hardness of specimen in different composition test. 

Through recycling E-waste it can be used in many engineering applications. Metal matrix composites have improved properties such 

as high tensile strength, hardness, low density, high stiffness and excellent wear resistance compared to other metal alloys.  

Keywords: E-Waste aluminium, E-glass fiber, Fly ash, Stir casting, Properties. 

INTRODUCTION 

 In recent decades, the use of electronic and electrical devices has increased significantly that lead to rapidly rising amounts of 

Waste Electrical and Electronic Equipment (WEEE), often called as E-waste throughout the world. The mechanical property of 

aluminium, E-glass fiber and fly ash reinforced composite materials was considered. The aluminium metal matrix composite materials 

are manufactured by stir casting process. The properties such as tensile, compressive and hardness values are obtained. The results 

indicated the addition of fly ash and E-glass fiber composite materials make the composite hybrid and it improves the properties. 

MATERIALS AND METHODS 

The recycled aluminium extracted from E-waste. E-glass fiber of 2-3 mm was purchased. Fly ash is an industrial by-product recovered 

from the flue gas of coal burning electric power plants. Fly ash particles are mostly spherical in shape. The fly ash is collected with an 

average particle size of 2–4 microns. 

Preparation of composite Specimen: Liquid metallurgy technique was used to fabricate the composite materials in which the 

reinforcing materials were introduced into the molten metal pool through a vortex created in the melt by the use of alumina coated 

stainless steel stirrer. The coating of alumina to the blades of the stirrer is essential to prevent the migration of ferrous ions from the 

stirrer into the molten metal. The fly ash particles were preheated on an open hearth furnace for one hour to remove the moisture. The 

stirrer was rotated at (0-700) rpm and the depth of immersion of the stirrer was maintained about two-thirds the depth of the molten 

metal. The pre heated reinforcing materials were added one after the other into the vortex of the liquid melts which was degassed using 

hexa choloroethane for about 3-4 minute. The resulting mixture was tilt poured into the preheated permanent metallic moulds. Figure 

No.1 shows the stir casting setup. 

 
Figure No.1 Stir casting setup 

Tensile test: Test specimens were prepared according to IS 1608-2005 standards, each specimen having 20mm in diameter and 250 

mm gauge length. The specimen was loaded in Universal Testing Machine until the failure of the specimen occurs. Tests were conducted 

on composites of different combinations of reinforcing materials and ultimate tensile strength and ductility were measured.  

Compression test: The compression specimen were prepared according to IS 516-1959. Compression tests are run in much the same 

manner as the tension test on the specimen having 20 mm diameter and 50 mm length. Testing is carried out on Universal Testing 

Machine. The load interval given was 2 tons. For each load interval, respective change in length is measured and same is recorded until 

breaking takes place. A compressive stress - strain curve is plotted. The behaviour of the test specimen under compression can be 

predicted from the graph. Compressive properties of the test specimen, such as Compressive strength, are calculated.  

Hardness test: Hardness test specimen were prepared as per IS 1501-2002. Hardness test performed on as cast and composites to know 

the effect of fly ash and E-glass in matrix material. The polished specimens were tested using Vickers micro hardness testing system. 

A load of 1N for a period of 10 seconds was applied on specimens.  The hardness was determined by recording the diagonal lengths of 

http://www.jchps.com/


National Conference on Green Engineering and Technologies for Sustainable Future-2014 
Journal of Chemical and Pharmaceutical Sciences                                                                                                                      ISSN: 0974-2115 

JCHPS Special Issue 4: December 2014                                                   www.jchps.com      Page 139 

indentation produced. The test was carried out at three different locations and the average value was taken as the hardness of the cast 

and composite specimens. 

RESULTS AND DISCUSSION 

Tensile strength: Figure No.2 shows the effect of fly ash content and E-glass fiber on Ultimate Tensile Strength of composite material. 

Similarly Figure No.2 shows the variation of yield strength with increase in the fly ash content in the Al composite material. In both the 

cases the addition of fly ash to Al matrix is increasing the tensile strength of the composite material. From the graph it is also evident 

that the yielding point of the composite samples also increased substantially with increase in reinforcements.  This may be because of 

as more glass fibers were added, decrease in inter-fiber distance between hard glass fibers caused an increase in dislocation pile-up. By 

increasing the wt% of fly ash in the Al alloy matrix, dispersion of fly ash particles in a soft ductile Al alloy matrix results in improvement 

in strength. And improvement in UTS may be due to the matrix strengthening that might have occurred following a reduction in 

composite grain size and the generation of a high dislocation density in the matrix as a result of difference in coefficient of thermal 

expansion between matrix and reinforcements. A good bonding between reinforcement and soft aluminium matrix favours an 

enhancement of the Ultimate Tensile Strength of the composite.   

Table No.1 Composite composition 

Composition 
Wt% 

Al E-glass fiber Fly ash 

1 94 3 3 

2 92 3 5 

3 90 3 7 

Compressive strength: Figure No.3 shows the results obtained from uniaxial compression, as a function of fly ash content of the 

matrix. Increase in the content of fly ash increases the compressive strength of the composites. The increase in compressive strength is 

due to the increase in the density of the composite material. It is shown that addition of ceramic reinforcement to a soft matrix increases 

its density and there by its compressive strength. Similar results were demonstrated in various studies made on the compressive strength 

of composite materials. 

Hardness results: Figure No.4 shows the results of micro hardness test on as cast Al alloy and composite containing different wt% of 

fly ash in it. From the Figure it is evident that the hardness of the composite material is decreases with increase in wt % of fly ash than 

that of its parent metal.  This may be because of addition of fly ash makes the ductile Al alloy into more brittle in nature with increase 

in the fly ash content.  

  
Figure No.2 Tensile strength Figure No.3 Compressive Strength 

 
Figure No.4 Hardness 

 

CONCLUSION 

Based on the study conducted on the fly ash, E-glass fiber containing Al composite material, the following conclusions can be 

made:  

a) The Tensile Strength of composite material is increased with increase in wt% of fly ash. 

b) The improvement in Compressive Strength is also observed. Further improvement in compressive  

c) behaviour of composite can be achieved by incorporating fabrication method other than stir casting method. 

d) The Hardness of the composite material is decreased with increase in wt% of fly ash content in the composite. 
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