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In the current work, modified method of friction stir process (FSP) based on ultrasonic vibration
and modified FSP tool design was developed to disperse multi-walled carbon nano-tube
(MWCNT) throughout nylon matrix. To this end, Field emission scanning electron microscopy,
X-ray diffraction, Vickers’ micro-hardness, and visual inspection were used to evaluate the
fabricated nano-composites. Also, modified design of FSP tool together with ultrasonic vibration
were used to improve the impact and efficiency of FSP. Several experiments were conducted to
approach an optimum range of FSP parameters (rotational speed and traverse speed). The
scanning electron microscopy observations and X-ray diffraction patterns (XRD) affirm that
MWCNT was dispersed homogeneously throughout nylon matrix. Micro-hardness results
illustrate that homogeneous dispersion of MWCNT throughout nylon matrix results in 33%
increase of micro-hardness. In general, the obtained results declare that ultrasonic vibration
causes an increase in traverse speed and production speed of nano-composite without affecting
the homogeneous dispersion and hardness of nano-particles throughout the matrix. Also, it is
clear that ultrasonic vibrations did not noticeably affect superficial form of nano-composites due
to low traverse speeds used in ultrasonic assisted friction stir process.
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Nylon 6

  

1- 

 
 .

 .

  

 
 .

] 1.[



    

6    

  

270  1394155  

 

  .
  

  

 .
        

         
     

 .

2024 ] 2 [

] 3 [
 .  

   
 

 .

] 1] [4] [5[
]6[] 7[] 8] [9[

] 10] [11[
]  12 13[

]14[1 
] 15[ -

] 16 [
6 ]  17 .  [

 
 .

 .  
] 18[

] 19]  [20[] 21[
] 22] [23 [] 24 [

 .  
] 1 [18 

6  
1500  3000   45-115 

1- ABS

    .
   120 165  -

132 
 .  

.  

] 9[
1000 180012 20 

 .75 

 . 
  

   ]11 [       
         
    .  

] 4]  [5 [
 .

]  1 [
 

1000 60 
 .600 800 

1000 
 .

  
] 6]   [4 [

  
 .

   

] 10 .  [
 .

   
] 14 [

 -
 . -

1500 2250 
30 60 

 .
 .

  .
  

 ] 17 [



    

6    

1394155  271  

6  .
1000 

10 
 .

 -
  .

  

  

2- 

2-1- 

 .

 .

 .
 . 

 :  
1. 

2. 

3. 

4.   
1 

 .
 .

 .  

  
1   

  

 .

 .2 
 .

 .
30 70 

9 6   

2-2-   
6 10 

1 2   .
1 

  

 .
  2 

 . 
      .  

2-3-   

  
 .

  

  
2   

1- TECAST 
2- Ensinger 



    

6    

  

272  1394155  

 .  
 3 

 .3 
 

2-4 - 
  

  

  
3              

1 6  
  14/1 – 15/1 )  

  2/1 )  

  1/64 – 1/73 )  

  8/44 – 7/51 )  

  220 )  

  60 )  

2   
  10 – 20 )  

  5 - 10 )  

  10 – 30 )  

  95 )  

  2 )  

  200 )  

1. 

mm1×6 
.

2. 

.
3.  

6 
 

6 

 
)  12502000

2500 )   (100125 
 (  

 
 .

12  .
3 

3- 

 -
  

  
3   

    
  

)  
  

)  

  

1  1250  100  

2  1250  125  

3  2000  100  

4  2000  125  

5  2500  100  

6  2500  125  

  

7  1250  100  

8  1250  125  

9  2000  100  

10  2000  125  

11  2500  100  

12  2500  125  



    

6    

1394155  273  

3-1-   

 .

 .
4 

  
4  

 )1250  (6  
 .

6 
  

) 2500  (
 6  .

6
 

  
 

 2000 
100 

2000 125 
 .  

 
6 

6 
2000 100 

 
5 

 .

 .  

  
4   

.  

  

 .2014 ]2[

2024  .
) 150 

 
  

] 2 [
) 450 

 -
  
            

       .   
         .  

3-2- 
6   

  6
) :1 (6 ) 6) (2 (

 ) 7) (3 (
 2000 

100 ) 3 (
)8) (4 (  

  
5   



    

6    

  

274  1394155  

 2000 125 
) 4) (9) (5 (

 
2000 100 
) 9)  (10) (6 (

 2000 
125 

)10) (11 .  (
40 30  

  ( =0.154nm)   
72 =25°  

349 10 ) 8910 
11 .( 

6 349 
10 

68 9 
 6 2 =20° 2 =24° 6 

3 4  .

 . 6 
 4 .  

6 6 

7      

 
8  3  

 
9 4  

10   9  

11  10 



    

6    

1394155  275  

 4 
 3  .

 3 6 
4 

3 
4  .

 6 
3 4   

9 11 
 4  

10  .

 2000 125 

10 4 
 .  
 10 

4 
  

8 10  -
 3  

9  .
4 

10  .

 2000 
100  

9 3 
 .

10 
4   .

 9 

3   
 

 

  .
 

 .
  .  

 -
  .

 
 . 

  ] 25 26.[  

3-3- 
  

5 10 
  .

  )
 (  

12   
 .

20-15 
  

131415 16 
  6  

 34
9 10  . 

.  
  

  
12  60  

  

13 3   



    

6    

  

276  1394155  

  

14 4   

  

15  9   

  

16  10   

3-4-   

100 15  .
 

 
 .

17 
  

34
910 18  .18

4 
 .

 

3910 33 
4  .

 

4 10  .
  

  
17   

  
18 34

910  



    

6    

1394155  277  

 2000 
125 

10 
4  .

 10 

4   

39 10  
 .3

9 10 

3  9 
10   

3 9 
 .

2014 ]2[
) 150 

 

 .  
 -

3 9   

 .  

6 
 .  

4- 

 6 
 .  

 .

  ( )   

  
  -

 )1250 
 (6 

6  .
6 

 .
) 2500  (

6  .
6

 

 

2 =25° 
 

 .
 6  -

  6 
2 =20° 2 =24° 6 

 . -
6  

   4  .  
 4  3 . 

3 
4 

 
4 
10 

2000 
125 

10 4  .
 

10 

4 

  
  -

 -
  .

 
 .

  -
 .

  



    

6    

  

278  1394155  

 .

  .
  

 
 

3 
9  .

4 
10  .

2000 100 

9 
3  .

10 
4   .

 9 

3 

5- 
[1] Y. Bozkurt, The optimization of friction stir welding process

parameters to achieve maximum tensile strength in polyethylene
sheets, Mater Des Vol. 35, No. 1, pp. 440–445, 2012.

[2] L. Ruilin, H. Diqiu, L. Luocheng, Y. Shaoyong, Y. Kunyu, study of the
temperature field during ultrasonic-assisted friction-stir welding, Int
Adv Manuf Technol DOI 10.1007/s00170-014-5813-8, 2014.

[3] S. Amini, M. R. Amiri, Study of ultrasonic vibrations’ effect on friction
stir welding, Int Adv Manuf Technol Vol. 73 No. 1, pp. 127–135 2014.

[4] A. Arici, S. Selale, Effects of tool tilt angle on tensile strength and
fracture locations of friction stir welding of polyethylene, Sci Technol
Weld Joi Vol. 12, No. 1, pp. 536–539, 2007.

[5] A. Arici, T. Sinmaz, Effects of double passes of the tool on friction stir
welding of polyethylene. Mater Sci Vol. 40, No. 1, pp. 3313–3316,
2005.

[6] M. Aydin, Effects of welding parameters and pre-heating on the friction
stir welding of UHMW-polyethylene, Polym Plast Technol Eng Vol. 49,
No. 1, pp. 595–601, 2010.

[7] A. Mostafapour, E. Azarsa, study on the role of processing parameters
in joining polyethylene sheets via heat assisted friction stir welding:
investigating microstructure, tensile and flexural properties, Int Phys
Sci Vol. 7, No. 4, pp. 647–54, 2012.

[8] A. Rezgui, M. Ayadi, A. Cherouat, K. Hamrouni, A. Zghal, S. Bejaoui,
Application of Taguchi approach to optimize friction stir welding
parameters of polyethylene. EPJ Web Conf Vol. 6, pp. 1–8, 2010.

[9] S. Saeedy, M. Givi, Investigation of the effects of critical process
parameters of friction stir welding of polyethylene, Proc Inst Mech Eng,
Part B: Eng Manuf Vol. 225, No. 8, pp. 1305–10, 2011.

[10] E. Squeo, F. Quadrini, Friction stir welding of polyethylene sheets The
Annals of DUNA REA DE JOS University of Galati Fascicle V.
Technologies in Machine Building, ISSN 1221-4566, 2009.

[11] M. Rezgui, A. Trabelsi, A. Ayadi, K. Hamrouni, Optimization of friction
stir welding process of high density polyethylene, Int Prod Qual Eng
Vol. 2, No. 1, pp. 55–61, 2011.

[12] Z. Kiss, T. Czigany, Microscopic analysis of the morphology of seams in
friction stir welded polypropylene, Express Polym Lett Vol. 6, No. 1, pp.
54–62, 2012.

[13] Z. Kiss, T. Czigany, Applicability of friction stir welding in polymeric
materials, Periodica Polytech, Mech Eng Vol. 51, No. 1, pp. 15–8, 2007.

[14] K. Panneerselvam, K. Lenin, Effects and defects of the polypropylene
plate for different parameters in friction stir welding process, Int Res
Eng Technol Vol. 2, No. 2, pp. 143–52, 2013.

[15] A. Bagheri, T. Azdast, A. Doniavi, An experimental study on mechanical
properties of friction stir welded ABS sheets. Mater Des Vol. 43, No. 1,
pp. 402–9, 2013.

[16] Z. Kiss, T. Czigany, Effect of welding parameters on the heat affected
zone and the mechanical properties of friction stir welded poly 
(ethylene-terephthalateglycol), Appl Polym Sci Vol. 125, No. 1, pp.
2231–8, 2012.

[17] K. Panneerselvam, K. Lenin, Joining of Nylon plate by friction stir
welding process using threaded pin profile, Mater Des Vol. 53, No. 1, pp.
302–7, 2014.

[18] M. Bilici, A. Yukler, Influence of tool geometry and process parameters
on macrostructure and static strength in friction stir spot welded
polyethylene sheets,Mater Des Vol. 33, No. 1, pp. 145–52, 2012.

[19] M. Bilici, A. Yukler, M. Kurtulmus, The optimization of welding
parameters for friction stir spot welding of high density polyethylene
sheets, Mater Des Vol. 32, No. 1, pp. 4074–9, 2011.

[20] M. Bilici, A. Yukler, Effects of welding parameters on friction stir spot
welding of high density polyethylene sheets, Mater Des Vol. 33, No. 1,
pp. 545-50, 2012.

[21] M. Bilici, Effect of tool geometry on friction stir spot welding of
polypropylene sheets, Express Polym Lett Vol. 6, No. 10, pp. 805–13,
2012.

[22] S. Mert, A. Arici, Design of optimal joining for friction stir spot welding
of polypropylene sheets, Sci Technol Weld Joi Vol. 16, No. 6, pp. 522–7,
2011.

[23] A. Arici, Friction stir spot welding of polypropylene. Reinf Plast
Compos Vol. 27, No. 18, pp. 2001–4, 2008.

[24] P. Oliveira, S. Amancio-Filho, J. Santos, E. Hage, Preliminary study on
the feasibility of friction spot welding in PMMA, Mater Lett Vol. 64, No.
1, pp. 2098–101, 2010.

[25] N. Mahmood, M. Islam, A. Hameed, S. Saeed, Polyamid 6/Multiwalled
Carbon Nanotubes Nanocomposites with Modified Morphology and
Thermal Properties, Polymer Vol. 5, No. 1, pp. 1380-91, 2013.

[26] N. Mahmood, M. Islam, A. Hameed, S. Saeed, A.N. Khan, Polyamide-
based composites reinforced with pristine or functionalized multi-
walled carbon nanotubes produced using melt extrusion technique,
Journal of Composite Materials DOI: 10.1177/0021998313484779,
2013.

  
  


