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Abstract 

Friction stir processing is becoming an advanced process for 

enhancing the mechanical and wear properties of materials 

nowadays. This method is widely used in the manufacturing 

of aircrafts, aerospace and aeronautics. In this paper, the effect 

of tool rotational speed was examined on the mechanical and 

tribological properties of the surface composite. The 

microstructural investigation of the fabricated composite has 

been examined and found that the ceramic particles of B4C are 

uniformly distributed throughout the matrix at higher 

rotational speed. The role of different rotational speed on the 

mechanical properties of the fabricated specimens was carried 

out by microhardness and universal tensile tests. It was 

observed that at higher rotational speed the tensile strength of 

the composite was higher due to homogenous mixing of the 

reinforcement with the aluminum alloy. The microhardness 

value of the specimen fabricated at higher rotational speed 

was less due to the hard reinforcement particles broke down 

and distributed in the nugget zone uniformly. It was also 

analyzed that the wear resistance of the composite fabricated 

at higher rotational speed is greater in comparison with the 

composite fabricated at lower rotational speed. In addition to 

this the coefficient of friction was also found to be efficient on 

the same parameters. The examined tribological and 

mechanical properties have been corelated with the 

microstructures of the fabricate composite. 

 

Keywords: friction stir processing, microstructure, metal 

matrix composite, wear resistance, microhardness, tensile 

strength 

 

Introduction 

Friction stir processing is a novel technique of processing by 

which the mechanical and tribological properties of the 

material get enhanced. Along with this it is a short route to 

mechanically mix the two materials homogeneously [1,2]. 

Zinc is the main alloying element in 7075 aluminum alloys. 

This alloy has a good fatigue strength and average 

machinability, its strength is also greater in comparison to 

many steels. These alloys have an enhanced corrosion 

resistance than the other aluminum alloys. The comparatively 

high cost of these alloys limits its use [3]. The chemical 

composition of the 7075-aluminium alloy are shown in Table 

1. 

 

Table 1: Nominal Composition of AA7075 (wt.%) 

Cu Mg Cr Zn Al 

1.6 2.5 0.23 5.6 Bal 

 

The effect of different rotational speed on the grain size of the 

composite fabricated by incorporating SiC particles in 

AA5052 alloy was examined by Dolatkhah et al. [4] and 

found that with increasing the number of passes the grain size 

of the composite gets refined. Mostafapur et al. [5] examined 

the microstructure and wear properties of the MMC fabricated 

by incorporating Al2O3 reinforcement particles in Al5083 

alloy and resulted that at lower reinforcement composition the 

better grain refinement occurs due to the uniform distribution 

of particles with less agglomeration. Baradeswaran et al. [6] 

investigated the effect of B4C reinforcement particles in the Al 

7075 surface composite and examined that the hardness, 

tensile strength, flexural strength and tribological properties of 

the specimens gets enhanced. The incorporation of SiC 

particles in pure aluminium substrate were carried out and 

examined the microstructural, mechanical and plate bending 

properties of the fabricated composites. It has been found that 

increasing rotating speed and feed rate results in more uniform 
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distribution of the reinforcement particles in the base material. 

The mechanical and tribological properties of the gets three 

times enhanced to that of base aluminium substrate [7]. 

 

Methods 
The material used is AA7075 plate with dimension of 

180×160×5 mm. In the middle of the plate groove was made 

with dimensions of 2 mm × 1.5 mm to contrived the B4C 

particles. The dimension of plate and the groove is shown in 

Fig.1. The size of the ceramic particles is 40 µm. During this 

study tool speed was varied from 1100 rpm to 1500 rpm and 

the feed rate was kept constant of 40 mm/min. the processing 

was carried out with and without incorporation of B4C 

particles on AA7075 aluminium alloy. 

 
Figure 1: Processing Plate 

 

H13 tool material is used for fabricating the composite with 

suitable dimensions shown in Table 2. 

 

Table 2: Tool Dimensions in mm. 

Shoulder 

diameter 

Probe 

diameter 

(minimum) 

Probe 

diameter 

(maximum) 

Probe 

height 

18 4.5  5.5 4 

 

The groove is capped by an FSP tool without pin to prevent 

outpouring of the B4C particles. In the next stage FSP tool 

with tapered pin is allowed to plunge into the plate for 

producing the composite by stirring the stir zone. Tool feed 

rate of 40 mm/min, axial force of 5 kN and surface plate tilt 

angle of 3.14˚ were provided at the time of processing. The 

specimens were fabricated on the TAL V-350 CNC vertical 

milling machine. 

After the fabrication of the composite, investigation for 

microstructure were carried out for the sample of the weld 

zone of the surface composite prepared by polishing and 

etching it with Keller`s reagent (2 mml HF, 3ml HCL, 20 ml 

HNO3 and 175 ml H2O) by employing optical microscope. 

The testing for microhardness were also carried out by 

Vickers digital microhardness tester at a load of 10 g and 

duration of 10 s. From the fabricated composites, samples for 

tensile testing are taken out by following ASTM standard with 

the help of Electric Discharge machine. The standard 

dimensions of the tensile test are shown in Fig.2 computer 

controlled universal testing machine is used for tensile testing. 

 
Figure 2: Tensile Test Specimen 

 

To check the wear resistance of the processed specimens, pin 

on disc tribometer was used under certain parameters shown 

in Table 2. Specimens were prepared with the dimensions 

given in Fig.3 Specimens were prepared according to the 

ASTM G99 standards. 

 

 
Figure 3: Wear Test Specimen 

 

Table 3: Wear Parameters for wear testing 

S. 

No 

Wear Parameters Values 

1. Load 1 kgf 

2. Speed 300 m 

3. Track Dia. 70 m 

4. Time 2 min. 

 

Results and Discussions 

Microstructure 

The optical micrographs for as-received aluminium alloy, Al-

B4C at 1100 rpm, Al-B4C at 1300 rpm and Al-B4C at 1500 

rpm are shown in Fig.4. The microstructure results show that 

the particles of B4C are uniformly distributed throughout the 

metal matrix. At higher rotational speed the particles are 

refined and distributed to the most due to appropriate heat 

generation at the nugget zone. It has been observed that due to 

FSP microstructural modification takes place [5-7,15] and in 

this investigation similar results were observed. 
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Figure 4: Optical micrographs of (a) Base Alloy 

 

 
 

Figure 4: Optical micrographs of (c) Al-B4C at 1300 rpm 

 

Microhardness 

The microhardness results for as-received aluminium alloy, 

Al-B4C at 1100 rpm, Al-B4C at 1300 rpm and Al-B4C at 1500 

rpm are shown in Fig.5. The results revealed that at high 

rotational speed of the tool the microhardness value decreases 

due to higher heat generation in the weld zone which results in 

softening of the substrate material. The microhardness values 

of various specimens are shown in Table 4. 

The presence of hard B4C particles varies the microhardness 

value. At speed of 1100 rpm the microhardness value obtained 

was optimum due to the appropriate heat generation in the stir 

zone and uniform distribution of the B4C particles. 

 

Wear Resistance 

The results for wear resistance of Al-B4C at 1100 rpm, Al-

B4C at 1300 rpm, Al-B4C at 1500 rpm and as-received 

aluminium alloy are shown in Fig.6. It was acknowledged that 

the wear rate increases with increasing rotational speed 

because due to higher rotational speed the heat generation in 

the weld zone increases which resulted in the softening of the 

base alloy and leads to increased wear rate. The specimen 

fabricated at 1500 rotational speed leads to higher wear rate. 

The specimen fabricated at 1500 rotational 

 
 

Figure 4: Optical micrographs of (b) Al-B4C at 1100 rpm 

 

 
 

Figure 4: Optical micrographs of (d) Al-B4C at 1500 rpm 

 
speed leads to higher wear rate due to the distribution of the 

B4C particles are uniform so that the particles start acting as the 

load supporting element and decreases the load between the 

disc and the specimen surface. The wear results are shown in 

Table 4. The similar results are presented by H.G. Rana et al. 

[9]. 

 

 
 

Figure 5: Microhardness vs Processing parameters 
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Figure 6: Wear Rate vs Processing Parameters 

 

Tensile Properties 

In Table 3 the tensile strength of Al-B4C at 1100 rpm, Al-B4C 

at 1300 rpm, Al-B4C at 1500 rpm and as-received aluminium 

alloy are presented. The Fig.7 shows the comparison of tensile 

strength of fabricated specimens. The tensile properties 

decrease with the increase in the rotational speed, as earlier 

mentioned that with increased tool rotational speed, the weld 

zone experiences an inadequate amount of heat.  

The deterioration of the tensile properties takes place due to 

the weak interfacial bond between B4C particles and the 

matrix material. The similar results are presented by Tiwari et 

al. [15]. 

 

Table 3: Mechanical and Tribological Properties 

Properties Base 

Alloy 

MMC 

at 1100 

(rpm) 

MMC at 

1300 

(rpm) 

MMC at 

1500 

(rpm) 

Tensile 

Strength 

(MPa) 

280 310 230 190 

Microhar

dness (Hv) 
80 124 113 103 

Wear 

Rate 

(mm3/m) 

8.6×10-3 

 

7.6×10-3 

 

6.8×10-3 4.4×10-3 

 
Conclusion 

The effect of rotational speed of the FSP tool on the 

mechanical and tribological properties of the friction stir 

processed AA7075 with incorporation of hard B4C 

reinforcement particles were examined. The specimens 

fabricated with reinforcement particles exhibits fine grain size 

due to the uniform distribution of the hard-ceramic particles. 

The microhardness value of the sample fabricated with B4C 

particles was less due to pining effect of the hard-ceramic 

particles in comparison with the as-received aluminium alloy. 

The wear rate of the sample fabricated at 1500 rpm was higher 

due to the uniform dispersion of the broken out ceramic 

particles throughout the matrix material. The B4C particles 

starts acting like a load  

 

 
 

Figure 7: Tensile Strength vs Processing Parameters 

 

supporting element between the wear specimen and the disk. 

In comparison with the base material the tensile properties of 

the fabricated composite decrease due to the impartment of 

the ceramic particles which leads to turn the base material into 

brittle. 
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