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0�Aa	 	��[ !6��� *n��;<��  |�X1�  mX=��) 0  	XAa�0  )�X[ 
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	�  !���. �Q� ���� ���� .!669�=   C����X� �' FX9 	��[   )�X[

5#�/  )�+��=)��� )�+��= (�F F<�� ��9   ��XK" !X�� � /� !X�: 
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(MMT)���� * )' ���� 0 n����<�� !�#9� .!669�=  0 	3( )�[
���� !6��� 	��K4 ���� *�3��� :�<#��9  0 $�/�<�9 :�<#��9
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���� �= .!669     C����X� FX� 5KX#� )��S�� :0!� )���' *�[

!6<XX#[ �' 0  �� R�<XX�v=���� �XXK�9�� 	<1XX� FXX&�<�
 '�KQ�	� !6I8� .�<#�� �'  )�[)���'  )�+��= C�����
 n�XX��XX� !XX669�=�    �XX�� 	����XX�� 5XX��B� �XXJ� *51XX�

.!669�=���� f8I� *�[  ��5�� )Kumar., 2009 .( 5���
 5��������(MMT) ������ V���� /� 	��  FX�S )�[  )�

  FX� FX9 5��  ���' LX�3'     S�X� ^WX� $'�X�)m2/g 750( *
�y6� 5K#�2  S��)1000 -50 (    S�X� R�<X�S� :0!X� 0

)GPa 178(  5�� F2�� '��� ���#�)Kumar., 2009; 
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5#�/ g��8� ��m=  F� 	+� ��+@ !6�( .F� *������6�   ��Xy6�
   5X#�/ �v��X9 	X+��� T�Q�  gX��8�     FX� $�XBB;� *��mX=

/� .'�1<�� .!669�=����   5X#�/ )�X[  gX��8�    FX2�� ��mX=
 !X�'�9 )Petersson et al., 2006; Lu et al., 2009.(  /�

���XXX� V��XXX�� .!XXX669�= .'�1<XXX�� 	XXX3( )�XXX[ .!XXX@  �'
5�/�D��9���� 	� �[    :�<X#��9���� FX� $��X�    	X��K4 )�X[

 .��@�'�9. $(  �[  !X�!&� l��X6� /�     *�3��X� !X6��� )��mX=
  X� ��X<�9 0 F<��I�F  5X�'  	X�   !X6�( . )�X���� /� $(   �X[

	�    5X#�/ FX� $���  gX��8�     *	<X#�/ )��A/�X� *)��mX=
�XX�7 	+XX�   �XX= 5XX+�� *$'�XX��	XX��<�' *��  *$�XX�(

!�!&� )��m=*      	X�0���� 0 	���+�X@ HvX
� 53�QX� 0
 .��@�'�9 )Chen et al., 2009; Siqueira et al., 2008.( 

                                                                                 
1. Interfacial Region 
2. Aspect Ratio 
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� )���� L�@ 0' 5�� ��+�0�1<   �3��X� L��X@ *αІ  0

βІ  F<@�'!6@�� . FX� �S�+�� 	��K4 �3���   $��X��80-50 
 !XX
�' FXX� FXX9 5XX�� )��XX�� ��XX�0T �XX@� _��XX=T X 

./�!�� 5�� .!@ )��A .    �3��X� :�<X#��9���� !X�3�� )���
(NCC) *'��� �30�T  )�3���)   0 FXK6= �X<6�3 *e�h !6���

��� !6��� �[ (   ���X� ���X, �X� .��+[ )!��� ��+�� 5;� 
	� '��A .���F<@� G��8<�� !6�  �[��    )�X� ��30�!X�[ �X� 
��� F9 5�� o���  LX, !��� �' :�<#��9 q4�6�   .!XI�

	XX� 	��XX� !XX6��� .FXX� ��XXK" �XX��'*  �y6��XX� $�+<��XX�
:��3�� � �' �3��� )�[     LX+" FX� o�X#, b��X�( q4�6

 !��� 5X��       ��X
 5+X#� �X�� �' ��30�!X�[ LX+" 0
	� '��m= )Gacitua et al., 2005; Goetz et al., 2009 .(

F� �3��� :�<#��9����   *$�/�� 5X+�� *5��K4 �' 	��0��� L�3'
!�!&� ���' *����= T<�#��' *)��m=  *S�� ���8� ^W� $'��

 S�XX� �XXy6� 5KXX#�)60 -20( :0!XX� * wXX���)GPa 150( *
 R�<�S�)GPa 143(   S�X� 	XII9 n��;<�� 0 *)GPa 10 (

      0 5X�� FX<��A ���X� )'�X�/ FX2�� '������� X�5  .'�1<X�� 
                                                                                 
3. Microfibrillated Cellulose 
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 .'�' ���, !X@  0ml5/1   :0�X#��A)50   !X
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F<��I� ( $( F� F��-�F� 0 !� 10   �X[ FXB��'  !X@ .'/ .
*F��'��'ml 60      	��X�1� gX#}� 	6�X� )0� *:�X�;� /�
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1. Atomic Force Microscopy 
2. Scanning Probe Microscopy 
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3. Average Roughness  
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1. Bragg ׳s Law 
2. Contact Angle 
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