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 The fabrication of nano composites is quite challenging because uniform dispersion of nano sized 
reinforcements in metallic substrate is difficult to achieve using powder metallurgy or liquid processing 
methods. Friction stir processing (FSP) is a new solid-state process used to modify the refinement of 
microstructure, improvement of material’s mechanical properties and production of surface layer 
composites. In this investigation via friction stir processing, metal matrix composite surface (MMCs) 
was fabricated on surface of 5083 aluminum sheets by means of 5 m and 80 nm TiO2 particles. The 
friction processed surface composite layer was analyzed through optical and scanning electron 
microscopical studies. Effects of reinforcing particle size and FSP pass number on the microstructure, 
microhardness, on tensile and wear properties of the developed surfaces were investigated. Results 
show that the nanocomposite layer created by TiO2 particles exhibits a microstructure with smaller 
grains and higher hardness, strength, and elongation compared to the composite TiO2 layer produced by 
particles. Increasing FSP pass numbers results in improved distribution of particles, finer grains, and 
higher hardness, strength, elongation, and wear resistance. The surface composite layer resulted in four 
passes with change in rotation direction with nano particle reinforcement exhibiting better properties in 
hardness, tensile behavior and wear resistance compared to the behavior of the base metal. 
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Fig. 1 Schematic illustration of FSP technique 
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1- Friction stir processing (FSP) 
2- friction stir welding (FSW) 
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Table 1 Chemical composition of as-received aluminum 5083  

 Si Fe Cu Mn Mg Zn Ti Al 

  0.1 0.3 0.04 0.61 4.27 0.02 0.026  

3- Yuvaraj 
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Fig. 2 (a) TEM micrographs of as-received TiO2  nano particles (b) 
SEM micrographs of as-received TiO2 micro particles 

2  ( )  ( )
  

 
Fig. 3 Fixture for sheet and dimensions of tool 
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Table 2 Samples code with FSP route 

  
1  
2  
3  
4  
5  
6  
7  

3   
Table 3 shows the chemical composition of etching solution  

Cr2O3 HF HNO3 H2O3 
3 gr 0.5 ml 15.5 ml 84 ml 

1- Union 
2- Jeol 

4 
ASTM E8-011  .

 1  0.003
3 150  

 
ASTM E384 4 

200 15  .5 
  

       1000
 5 6 

ASTM G99-04  .
15  

 .AISI D3 HRC 58 
2  .1  20 

500 100  .

0.1mg±  .

  

3 -   
3-1 -   

            
  

  
Fig. 4 Dimensions of tensile test specimen 

4  

  
Fig. 5 Position of the microhardness test 

5  

3- Santam 
4- Buehler 
5- Pin on disk 
6- Arca Sanat Arvin 
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Fig. 6 Optical micrographs of transverse cross- sectional of the FSP 
zone specimens (a) 1, (b) 2, (c) 3, (d) 4, (e) 5, (f) 6, (g) 7 

6  
 ( ) 1  ( )2 ( ) 3 ( ) 4 ( ) 5 ( ) 6 ( ) 7 

4   
Table 4 Average grain size of different samples  

 1 2 3 4 5 6 7 

) m( 45 30 14.2 12.5 10.2 9.3 8.25 

1- Pin hole 

 .

 .7  ( )
5 

 .7  ( )6  ( )
 .7 

2 SEM
  

 ]15:[  
1. 3
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 .  

2. 5

   
3. 6 .
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Fig. 7 SEM micrograph of the SZ (a) 5 specimen (b) 7 specimen (c) 
Sample 7 with higher magnification (d) EDS composition analysis 

7  ( ) 5  ( )
7  ( )7  ( )  

2- Energy dispersive spectroscopy (EDS) 
3- Dynamic recrystallization 
4- Dislocations 
5- pinning 
6- anneal 
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Fig. 8 Hardness values of BM and FSP specimens 

8   

3- Hall-Petch 
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Fig. 9 Mechanical properties of BM and FSP samples 
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Fig. 10 Ductility of BM and FSP samples  
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Fig. 11 Variation of weight loss with the sliding distance for base metal 
and specimens FSPed 
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Fig. 12 Variations of wear rate with the sliding distance for base metal 
and specimens FSPed 
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Fig. 13 Variations of friction coefficient with sliding distance for base 
metal and specimens FSPed  
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Fig. 14 SEM micrograph of the worn out track of (a) 1specimen (b) 2 
(c) 5 (d) 7 and (e), (f), (g)  and (h) are high magnification view of (a), 
(b) and (c) 
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