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 In this paper, the elastic modulus of nanocellulose/PLA nanocomposites obtained by the two methods 
including nanoindentation and tensile tests were analyzed. Nanocellulose was extracted by Mechanical 
method from linter pulp fiber. Amount of usage of nanocellulose was 3 and 5% wt , and masterbatch 
technique was used for improving nanoparticles distribution in polymer matrix. Then the mechanical 
properties of nanocomposites with and without this technique were studied. Tensile test was performed 
in accordance with the standard method, and  the atomic force microscope in peak force tapping mode 
was used for nanoindentation. Tensile test results showed that the use of masterbatch improves tensile 
modulus, tensile strength and strain at break. Also, by increasing nanocellulose percentage from 3 to 5% 
in nanocomposite with master batch,  the tensile strength and strain at break increased. But this increase  
had no  significant effect on tensile properties of  nanocomposite without masterbatch. A similar trend 
of strength test results was observed in nanoindentation results. Based on this result, use  of masterbatch 
in nanocomposite caused the increase in elastic modulus. The results of these two analyses were 
compared and tensile test showed lower modulus value than nanoindentation. 
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Fig.1 Atomic Force Microscopy image of nanocellulose 
extracted from Linter (size: 5×5µm2) 

 1 
)µm2 5×5( 

7- Indented 
8- PFI mill 



    

                /         

13941511  83  

2 -2-   

 .
1

  C°165 rpm 80  . 
10 165 

1 3 5 
  3  .

  

2 -3-   

]27[ 
rpm80 C°165 C°200 

  .6 
 °C55 

 .1 
 .

 :)80:20 (  

2 -4-   

 °C190 400 
°C70  .

  

  2/0±2 
 . 

25 °C190 3 

300   

2 -5-   
24 55 

 .   

 -6381 
 .30  

 3        .
 mm5/63×5/9×2 ) () 2.(  

 
] 28[.  

 :   

      

           

 -   .  

1- ASTM D-638-type V   

 1  
Table 1 Nancellulose and PLA weight ratio in producing 
masterbatch and nanocomposite 

 

 
 

) -
 :
  

 
- - 97 3 97:3 
- - 95 5 95:5 
3 17 80 - 97:3 
5 15 80 - 95:5 

2 -6-   

)23 3 
) PDNISP-HS)   (4 . (

4 
 .

5 )  2  (
  

- 
 .

6 
25  .
3/0  .1  

 
3  .

 .
 311 

 .

 .
7 )96/163 

  .
)  .

 ( .

 .

]21 29[.  
80 1 

 .
 .

 )  (  
  

2- Bruker 
3- Tip 
4- Peak Force Tapping Mode 
5- Tap 
6- Nanoscope software 
7- Sapphire 



    

                /        

  

84  13941511  

  

  
 

 

Fig.2 Dimension and shape of tensile test samples 
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Fig. 3 Atomic Force Microscope (AFM) 
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Fig. 4 Nano-indentation probe 
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Fig. 5 Schematic curve of loading-unloading PLA neat by using 
nanondentation 
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Fig.  6 Stress-Strain curve of nanocomposites (a: nanocellulose 
3%, b: nanocellulose 5%, c: masterbatch (3%nanocellulose), d: 
masterbatch (5%nanocellulose) 
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Fig. 7 Comparison elastic modulus of nanocomposites with and 
without masterbatch (NFC: nanocellulose, Mb: masterbatch) 
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Fig. 8 Comparison tensile strength of nanocomposites with and 
without masterbatch (NFC: nanocellulose, Mb: masterbatch) 
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Fig. 9 The effect of masterbatch and nanocellulose on strain at 
break of nanocomposites (NFC: nanocellulose, Mb: 
masterbatch 
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Table 2 Elastic modulus obtained by nanoindentation based on 
Hertz model 
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Fig. 10 Image of nanoindentation imprints 
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Fig.11 Comparison of elastic modulus obtained by tensile and 
nanoindentation tests 
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