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Abstract— Recently Aluminium alloy, exclusively Al6061 is 

used in the automotive, aircraft, marine and construction 

industries due to it is excellent properties such as 

noncorrosive, strength to weight ratio and rewards over than 

steel in ductility. In this study Al6061 was produced by 

mechanical powder metallurgy.  Three value of compaction 

pressure (300,340,380MPa) were taken for centrifugal Ball 

milling of 45 minute with BPR 10:1, sintering is done at 450 

0C for 30 minute in tubular electric furnace in the controlled 

atmosphere of Argon gas. The Scanning Electron Microscope 

(SEM) was done to see the morphology of the compacts. 

Green, sintered density and XRD was also calculated. 
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I. INTRODUCTION 

Al 6061 is widely used in numerous engineering applications 

including transport and construction where superior 

mechanical properties such as tensile strength, hardness, etc. 

are essentially required. A typical chemical composition of 

Al 6061 is presented in Table [1]. It superior corrosion 

resistance makes it a suitable candidate material for marine 

structural applications. One of the common aluminium alloys 

used is the Al6061 alloy because of its high corrosion 

resistance formability and strength. It is used in the 

automotive industry for body panels and bumpers, and in the 

aerospace industry for fuselage skins, among others. 

Aluminium Matrix Composites (AMCs) refer to a class of 

lightweight, high performance aluminium centric material 

systems. Current engineering applications require materials 

that are stronger, lighter and less expensive. Powder 

metallurgy process (PM) lends itself well for economical 

mass production components. Different metal matrix 

composites are manufactured by this PM route. 

The aim of this paper is to manufacture Al6061 alloy 

by the mixing of all the constituent in proper ratio by powder 

metallurgy technique and study the effect of different 

compaction pressure for the same.   

 Si Fe Cu Mn Mg Cr Zn Ti Al 

% .6 .7 .3 .15 1 .25 .25 .15 Bal. 

Table 1: Chemical composition of manufacturedAl6061 

II. EXPERIMENTAL PROCEDURE 

A. Weight 

Initial step of performing experiment is to measure the weight 

accurately and precisely. For the purpose a precision 

weighing balance was used as shown in figure (1). Equivalent 

quantities of the metal powders were taken by weight. The 

weighing was done in a very precise weighing balance. 20 

gram batches were prepared for each sample. 

 
Fig. 1: Digital weighing machine 

B. Blending 

Powders were blended in a vibratory mixer at a constant 

speed of 300 rpm for 30 minute. Blending is one of the crucial 

processes in P/M where the metallic powders have mixed 

with the ceramic reinforced particles as shown in figure (2). 

Good blending produces no agglomeration of both the 

metallic and ceramic particle powders. To achieve this, 

several parameters such as particle size, blending speed and 

duration have taken into consideration to ensure the SiC and 

B4C particles distributing homogeneously in the matrix 

powders  

 
Fig. 2: centrifugal ball milling 

C. Compacting 

 
Fig. 3: Manual hydraulic press 
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Mechanically milled powdered then compacted in manually 

operated hydraulic press as shown in Fig (3), at a compaction 

pressure of 300, 340, 380MPa respectively. 

D. Sintering 

The compacts pallet was sintered in a tubular furnace as 

shown in Figure (4) in the temperature range of 450±10°C for 

a period of 30 min and allowed to be cooled to room 

temperature in the furnace itself. Also a pre-sintering was 

done at a temperature of 75°C for 5 minutes so that remove 

the oxide gas present in tube. The controlled environment is 

created by using Argon gas at a continuously supplied in tube. 

 
Fig. 4: Tubular electric furnace 

III. RESULT AND DISCUSSION 

A. Scanning Electron Microscope (SEM) 

The synthesized samples of mechanically alloy Al6061 

sintered specimen are characterized by SEM to investigate 

the effect of compaction pressure on Al6061 alloys.it is 

clearly seen from Fig 5 that morphology of sintered 

composite change with variation of compaction pressure the 

specimen compacted at pressure 300Mpa shows greater 

porosity than that compacted at 380Mpa thus porosity 

decrease as the compaction pressure increases 

     
(a)             (b)       (c) 

Fig. 5: SEM image of Al6061 alloy at different comp. 

pressure (a) 300 Mpa (b) 340 Mpa (c) 380 Mpa 

B. Wear Properties 

 
Fig. 6: Effect of compaction pressure on wear rate 

Wear is a process in which material removal takes place the 

developed Al6061alloys subjected to wear test under dry 

sliding condition. The test was performed on 12.91 mm 

diameter and 5 mm thick circular specimen. Against a 

rotating steel disc. Wear test were carried out at a room 

temperature without lubrication. For each specimen test were 

conducted at 4kgf nominal load with 2 m/s sliding velocity.  

It is seen that the weight loss decreased as the 

compaction pressure increased. The highest weight loss was 

observed in the compaction pressure of 300Mpa and lowest 

in 380Mpa. Fig.6 indicates the relationship more clearly. As 

the compaction pressure increases the wear rate decreases. It 

was also observed that the weight loss increases by the sliding 

velocity. 

C. Hardness 

Hardness is the resistance of a material to localized 

deformation. The term can apply to deformation from 

indentation, scratching, cutting or bending. In this study a 

digital Rockwell hardness tester were used to measure the 

hardness of each specimen.at a load of 60Kgf with H scale. 

The result shows that Hardness of Al6061 alloys greatly 

improves by increasing compaction pressure that is as the 

compaction pressure increases hardness also increases 

maximum hardness is obtained when the compaction pressure 

is 380Mpa as show in Fig. 7 because as the pressure increases 

porosity decreases and intermolecular force increases thus 

strength and hardness increases with the increase of 

compaction pressure 

 
Fig. 7: Effect of compaction pressure on hardness 

D. Density 

 
Fig. 8: Effect of compaction pressure on density 

Green density is the density which is measure after 

compaction and before sintering and sintered density is 
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measured after sintering. Density is measured using 

Archimedes principle. Fig. 8 shows as the compaction 

pressure increases density also increases also it is clear from 

Fig 8 that sintered density is always greater than green density 

for the same compaction pressure. 

E. X-Ray Diffraction 

Fig. 9 shows XRD phase analysis of Al6061 at different 

compaction pressure. All composites show distinct peak of 

Al6061 with increase in compaction pressure Al6061 peaks 

intensity also increases. 

 
Fig. 9: XRD plot of Al6061 at different comp. pressure 
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