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Abstract 
Aluminum powder compacts have low wear resistance due to the reduction in ductility. The duc-
tility enhances using the metalwork technology like the hot extrusion process. The wear test is 
done using pin on disc machine for all hot extruded aluminum compacted specimen reinforced 
with 1, 2, 3, and 4 copper wires, and extruded at 450˚C. The load is applied by dead weights (1600 
gm) at 4 variable linear velocities of 0.628, 0.942, 1.25 and 1.57 m/sec at constant time. The re-
sults shown that wear resistance enhances with the hot extrusion process for increasing number 
of reinforcement copper wires. 
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1. Introduction 
Metal matrix reinforced with strength reinforcements has a considerable attention because of their superior 
properties in comparison with most of monotonic materials [1]-[3].  

In last year’s, metal matrix composites (MMCs) give an observed development in many industry branches, 
among others in the automotive, aircraft industry, and electrical engineering and electronics ones, as well as in 
armaments, etc. [4]-[6]. Three forms of reinforcing shape for metal matrix composite fiber particles and disper-
sions [7] [8].  

Various types of aluminum based composites can be related to the advantage of powder metallurgy which re-
sults in specific advantages of aluminum and its alloys such as light weight, corrosion resistance, non-magnetic 
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characteristics, and high thermal and electrical conductivities, Extrusion process is assumed [9] to be reasonable 
when combined with powder metallurgical method. Mostly, extrusion can be defined as an act of ejection of 
metal by mechanical force [10] through well defined opening geometries. Mainly, to give a suitable degree of 
softness and plasticity, the metal is heated in a hot working operation. Various types of aluminum based powder 
metallurgical composite can be developing with this metal working process [9]. 

Improvement of densification and hence mechanical properties for powder metallurgical process can be 
achieved with size reduction which is widely, performed with hot extrusion process. Thus, the compacted prod-
uct can be implemented in structural applications [11] [12]. Other than the application to alloy powders or pure 
metal is limited [13]. Both the adhesive and abrasive resistance has been improved with the addition of hard par-
ticles to aluminum powders [14]-[16]. Delgado et al. [17] investigated Rotating sliding wear on TiB2-B4C at 
room temperature, the experimental results reported that the sliding velocity affects both friction coefficient and 
wear rate values of TiB2-B4C ceramics. 

2. Experimental Work 
2.1. Material Behavior and Characterization 
A commercial aluminum metal powder with a mean size of 80 grit/inch supplied by ADWIC code number 
8010075, molecular weight of 26.98 is used for all specimens as a matrix (base material). Figure 1 shows the 
powder particles shape. The aluminum powder matrix is combined with copper wires of 2 mm constant diameter 
as reinforcement material; Table 1 shows the mechanical properties of the used copper wires. 

The compaction process is carried out on the compaction set up shown in Figure 2. The compaction velocity 
was 5 mm/min. The process continues to the maximum compaction load value then the load is released. The de-
tails of the manufacturing process are not the study case. Figure 3 shows arrangement of copper wires in the 
compacted specimen product. 

2.2. Wear Test 
The wear test is performed on specimens that compacted at 15 mm/min and also on hot extruded billet at 450˚C 
to compare the enhancement rate. The test is carried out using Pin-on-Disc wear device, the general view of the  
 

 
Figure 1. Photograph illustrate powder particles [18].    

 
Table 1. Mechanical properties of the tested materials.                                                          

Test material Compaction velocity Yield strength, 
MPa Ultimate strength K 

Material Coef. MPa 
Hardening exponent 

n, - 

Aluminum 5 65.699 80.211 101 0.068 

Copper reinforcement 87.631 176.842 255 0.175 
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Figure 2. Schematic drawing of the compaction apparatus.                                             

 

 
(a)                               (b)                              (c) 

Figure 3. Arrangement of reinforcement wires: (a) 2-wires; (b) 3-wires and (c) 4-wires.               
 
wear test device is shown in Figure 4. It consists of a rotary horizontal steel disc driven by variable speed motor. 
The test specimen is held in the specimen holder that fastened to the loading lever against the rough counterface. 
Through two thin spring steel sheets, where strain gauges are adhered, friction coefficient can be measured. The 
load is applied by dead weights (1600 gm) at 4 variable linear velocities of 0.628, 0.942, 1.25 and 1.57 m/sec at 
constant time. The contact surface of the test specimens was polished by an emery paper before the test. The 
counterface is in the form of an emery paper of 80 grad attached on a steel disc of 50 mm inner diameter and 
100 mm outer diameter with 2 mm thickness.  

3. Result and Discussion 
Wear of Un-Extruded Compacted Specimen 
Commonly, in Figure 5, the wear resistance decreases with increasing sliding velocity for constant time. Com-
paction pressure is obtained by pressing from one side only, so the greatest density exists in the top layer just 
below the movable punch and beside container walls, therefore three dependent results can be taken. Increasing 
density of the surface layer causes an increasing in surface hardness, which increases the wear resistance at the 
beginning of the test (lower sliding linear velocity), while at next velocities this layer is decreasing in density 
and hardness so wear resistance decreases with the increase of velocity. Figure 6 shows density distribution. 
Although, the wear resistance is returned to increase at the third velocity (1.25 m/sec) for specimens reinforced 
by 1-wire and that of 2-wires, while for those reinforced by 3-wires and 4-wires this increase is shifted to the  
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Figure 4. Pin-on-disc wear tester [19].                               

 

 
Figure 5. Wear resistant variation with different number of reinforcement 
wires.                                                        

 

 
Figure 6. Basic green density distribution for single end dies compaction 
[20].                                                          
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second velocity (0.942 m/sec). This is owing to that for the first group the contact layer is more bonding and 
hard (Table 2), so it takes more time to be removed then the contact will be directly on the reinforcement while 
in the second group this layer is less hard and bonding so it is fast removed. For the same velocity it is clear that 
increasing reinforcement number increases wear resistance (less weight loss) especially at low velocity, while 
deviation occurred in the higher ones, this is due to lack of densification which makes rarefaction, which oc-
curred by reinforcement (see Figure 7). Extrusion process gives enhancement to wear resistance as shown in 
Figure 8, this attributed to that hot working results in a rapid diffusion, which aids in decreasing the chemical 
inhomogeneities of compacted billets. Blowholes and porosity are eliminated by the welding together of these 
cavities, and the coarse columnar of the billets are broken down and refine into smaller equiaxed recrystallized 
grains. These changes in structure from hot working result in an increase in ductility, toughness and strength. 
 

Table 2. Vickers hardness numbers for all the produced specimens.                       

Specimens 1-wire 2-wires 3-wires 4-wires 

VHN (MPa) 315.43 198.52 151.07 193.77 

 

 
Figure 7. Macrostructure of the produced aluminum metal matrix composites at 15 mm/min.  

 

 
Figure 8. Wear resistance variation with different number of reinforcement for 
extruded specimen.                                                  
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4. Conclusion 
Wear resistance of compacted reinforced aluminum powder has achieved experimentally that the number of 
reinforcement wires significantly improves it. The hot extrusion process for reinforced aluminum powder in-
creases the bonding between the matrix material (aluminum powder) and the reinforcement ones (copper wires). 
This process leads in turn to enhancement of ductility, then both hardness and wear resistances get increase and 
enhance. 
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