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 &'�($�)*  �+ �	�	��� �,-��(."���/ �"0	1��� ��� $�%2+ 34,� �� ��� ��5 6�,) ���!%� ��/�(����7  �	�	��� 8%4�

���!%� 9%4� $��  :�5 &+:+�;<	,;  &+ =��> $	? &+ &@�A� B" $� �C�� B%!/ �+ .�� &�E��� $�; F/�.7 � G%A4H �$	�

 �+ �)	� :�	�&I	���(�5 &@	@	����/ �%�	@�/ �  �!%� �"�%�; 9%4� $� =E$ �+ ��,� �$��/$ �"��� $� � �� ��5 &�I��7

&I	�� :��� &J$ ���!%� 9%4� $� �	�	��� B"  �5��5 .��  	" �	>� &� ��  * 0 ���K L"��� ��/2+Ca� +K  �+Na  &+

�"�%�;  	���%�	@�/	��� :"�!H $� ��� :���  �!%� 9%4� ��/ &+ �/&I	��B" ����2/ �(�5�@�K$� 	" &� ��� ��/ �%2�

:7 �%��I ��
" M,� &+	�� M>	� ����%+ 6�5 �+ �(�0&I�� �	�	���  �5 .��	5F"NE �+ �L"��� G+�O� N%�  �%"�%�; 

 �!%� 9%4�  �HpH=11 �(����7 �	,�+ �	�	��� �� .�+�" P7 0pH=11 &I	�� �%"�%�; F"NE �+ � ��5 0�Q* �%�	@�/ �(�5

  N%� B"&I	�� �(�5 �%7 ����%+ 6�5 N%��� $� � ���pH=13.5  &+B"���%+ �� $�A���$.  B%�R!/ 0 ���S�� �+:��� ��/

�4O� <��E T��U�V�$ W	� 0 ��" &� � �	,�+ ��/�(����7 �� �	�	�����5�+  ����5 &I	�� :��� �+�	@�/	��� �(�5 �%

 &,�Q�	5 ��  ��� L"��� .:����4O� <��E ��/ ��7 &"�7��  ��� �	I 0 $ ����+ ����!� MH�� &+ 6X%2�	+�� .��/�%�R!/ B

 ��/����5 3 ZX� �%�	@�/ ��0� ��$� �+ ��5�4O� <��E :��� ���H &� �� 0 F%+ ��	H26  �22  ��$� M%H�H &+� ����A

 �$��E ��!I ����A� ��/� F"NE <���� &�	!� &+ �,2� $ 6X� ���K F/�� M>	� &��+ �28  ]* ]^> _�� ���$�

�� N%� ���!%� 6X��	5. 

�� 	
������ :�%�	@�/ &@	@	��� ����!%� 9%4�� &I	���(�5� �(����7 ��4O� <��E :���.  

1- �����  
�"0	1������!%� ��/ @� &+%: �"(.��/�" ; �����%�!  � 0$

$��E ����A�� ]	�O� � ������ &+  ��* ����2( $	?� $

0�� � �I�� ���� � $�; ���S���$	��(%��� [1] .�+"B<�K 

 �$	!/T�` �	>� :%,; 0 �"�/��� ����A�� �7%"�B 

�` ����!�%T (�50�+ �+�+ $�� a�H V��2( �  � &� b��

M����  ��'�  ���/�.7  �$��/$ &+ �+�%��� �%2� &+ $

��+  B" �	,�+��%(."� �� ��� c	� [2]. B"  6Xd��

 �!�� &�
�– ��/�.7 

C$��  �!� ������ 

�$�!5 �b�� � �2%+ �$��6� <��1401 
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��� 0	1���"��/� �%��!� �( � ZX���	��0�� � �/

+	�O� ����!�� 6�� $� � &�5���H	�  ��0/� +�I $�'�� 

 �5 ��/	I[3]. ���+g�%@ 0 ��%( ��" b	��� ��/ 0

 �	,�+ ��/$��/$���%(."� a�H <���� � �����(�$	I 

�� ��� &>	H �"�+ �� � &�g�%@ ����� 8O� $� ���H �/

��a�H ���	H ��
" ��+ �+	I ��" � ���� <���� $ �/

:7a�HN"$ �(�0 �%!I $� �	>	� ���	��� � ���%� �K $� ��/

	U� ��� $�$	I�+ �"h�+ �%!/ 0 &�  �!%��	+ ��/    

[1, 2] . �	,�+ ��+ �	�	��� 0 ���S�� ��%I &/� ��' $�

�(."���/ �"0	1��� M,� &+ ���!%� ��/�(."���/ 

&+�i4�� �"�%!%5 � ��"N%E �5$ ��$� 6$j	��� &� ���E

�� &�5� ��%�!�' [4].  �$�%2+ 6�A%A4H$� �0%&� )kH�% 

�"0	1��� ����!� �+ �	� 	��� &�E�( 6$	� ���!%� ��/

 6��@�O� B" �-� &� �� ������/�  �	,�+��(."��/ 

&�!>0 ����A��� ��/ ��%��[5-7] �$��I��N"$ [8] �

��"^7j	S� [9]:�5 ���"^7  [10]b�� �  [11]�� ��	+. 

 &�5^( 6�A%A4H $�$�)* %2+ �	�	���%�	��� ����� �$� P%�

[12] �"�2� BE�( �[13]�� �&@	@	� ��+�� ��/ [14] W	� �

C$	��� ����� �/ $�; ��$�+ �$	� �%�%@	J�� � �%�	�"$	!��	�

�� &�E�( [4]C$	��� 0 ��" . $�  * ��+$�� &� �"�/

�"0	1��� ���!%� ��/�(0�H &+  �� &�E�( $�; &>	H �$	�

&@	@	��� �%�	@�/ ��/���%�	@�/ . ����� �	�	��� ��	� �/

 �$	� T��U� ="��� $� &� ���2/ ��%�	@* � P%�%� 0 $�5��

 ���S���� $�;�%( ��[15]� . �	� B" F"�%7 ��� k���%+�� 

l�� �"���( ��	(�(� �" 	/ 0 �5�� F"���E ��/

 �m%E����@* � P%�	7&�%5 ����S�H* ��/�� [16]. 

 �%�	@�/	������%+  $�&@	@ :�5 &+ ��%,?� �E�" ��	5 � �

,� &+$� &� �"h�+ �O; &+ <	? �,2� M	�	��� ���( $� � �

&��� ���+ m"�� ���+	5 �[9] ��"�%!%5 �n�� 0 . <	��E

��� �%�	@�/ &@	@	��� �$��I�� <�O2.nH4(OH)5O2Si2Al 

��  &� �>$�I Z	O����* ��>�$��' 0 $�5�� P%�%� ��/

 �%2� b	%�%�	@* 0 	�!� ���* ��I� &�2/ � ��	+�� [17].  0

 �%�	@�/ &@	@	��� <	? � ��I� �O; ��>$�I �O; �����+ ����
                                                                                                                                                                                                                     

1. Surfactant 

 ���K $� M%H�H &+30-190  ����	���10-100  � ���	���3-30 

�� ������%��5�+ [9]. ��/�p q�4@ 0� &@	@ &>	H �+ �	+ �� 

&@	@	��� &+ $�%2+�� :%@� B%!/ &+ � ���2/ &+��� ��+�� ���	H

8�2� ����!� �+ $ ���!%� P"�H�� ��U� � ����A� ��(����

 ��/� F"NE �+	I &+[18] MH�� &+ ��!%; &� 6��SH B" �+ �

&@	@	��� 0 ���0$��$� ��+�� ��/ [18, 19] .  $��!/ �  �%;0$

 �+ �%�	@�/ &@	@	��� �%)�H�(."���/ $��I��N"$ ������A�  �

 �	,�+ 0 ���K L"��� .����� ��$�+ $ ���!%� 6X� ��"^7j	S�

����A� M���� � ��"^7j	S� F/�� ���!I � �$��E ��/

 ���K 6X� ��"���@ ����A� F"NE � ]* ]^>3  ��$�

�	+ �%�	@�/	��� [9].  

4+ $� ��� :J�2� 0 ��" �� ��%�	@�/ &@	@	��� ����!� 3

�(����7  ���!%� 9%4� $�  * �I	��" ="0	H �"��.  $�

 �	>� :%@� &+  �!%�  	%��H$�%/ 0 :��K �"�%�; 9%4�

F��$���2@�$��� ��/ m%H�������@ �  �%�  6$j

�%�	@�/  :"�!H 6�5 &+ �	�	��� B" �h�+ $�%2+ �r�� 8O� �

&I	�� &+��  ��� �	I 0 �(�5 &+ �
�� &� ��/��(����7  &�

�� 6$j	��� ]	I  ��'�	5 [20, 21]&I	�� . �	�	��� ��/

M>	� ���H &�  0 ���S�� �%E�p F/�����* 	I &��+ ��5 �/

 � ��5  �!%� �%!I $� :U�UH F"NE M>	�  	�� &+

&�2/ ��/�S%�` �� :!� &� ����3��+  ��
"F�H N��!H �/

���	5  F/��  * &
%�� ��(."���/  �"0	1��� ��%����

�	+ �/	I ���!%� [22-24] .V�$ �$	n�� B%!/ &+ ��"N%E ��/

&@	�( ]�%�* � �5�+  �!/ �m%�	���@ �����) � (�

V�$ �����) �"�%!%5 ��/�����7  ���$����� � �/0��

(8O� �"�%!%5  �S��U���+  �	,�+�(����7 	�	��� &J$ �

 .�� ��5 m%�	���@ 0 �,%��H m" ����!%� 9%4� ��+

" $	n�� &+ (��"N%E) m" ��
�(����7  � M���� &%@�� :��

�4O� <��E١ �"�%!%5 V�$)-�����7 $�"�7 ��+ (�/0��

  ����(����7 �� ��5 �����%7 �	�	��� [20, 22, 25] . &+

 ��+ ���$	?�(����7  6$j	���34,� &�5^( 6�A%A4H $� 

&I	�� �+ �)	� ��/$	���E ��� $�%2+%�	@�/ &@	@	��� �(�5 �

 $� ��� &�E��� $�; &>	H �$	�  �!%� �"�%�; 9%4� $�
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��� 0 W	`	� B" &�%@�KuI�5 B"�H �+ �)	� ��/ ����!�

.���2/ ���!%� �"0	1��� $� �	�	��� 8%4�  

�+��+"B FU+ B" $� �H�A%A4H g��5 �	>� :%@� &+� 

 �+ �)	� :�	� ��$�+ F/�.7 B" ��� g�/�(����7 

 $��/$ &J$ �  �!%� �"�%�; 9%4� $� �%�	@�/ &@	@	���+�� 

 �	,�+�(����7  ����	���  *�� $��E$ ��+ $� .����7�( 

 $� .�E�( $�; &2"�A� �$	�  �!%� 9%4� � ]* $� �%�	@�/

 ���+ &�K��)kH%�  	"��/ +K/+Na/2+Ca ���  	�� &+ B"�H

 	" ���$ �+  �!%� 9%4� $� �	>	� �"�%�; ��/&I	��(�5  �

 ��$�+ �%�	@�/	����5P1� . �"�%�;  N%� �) �(pH)  ���$ �+

&I	�� �$	� �%�	@�/	��� �(�5�+�"0$  B" $� .�E�( $�;

 �	,�+ $	n�� &+ ��I* b�( $� G%A4H�(����7 ���	/ &@	@ �%�	@�

���!%� 9%4� $�  0�4O� <��E :���  ���S���5B%!/ �+ . 

 �C��$�)* :����4O� <��E ��/ T��U�  �	,�+ �+�(����7 

 F"��0* N%�  �"�7 $� .�E�( $�; �+�"0$ �$	� �%�	@�/

 ��$ �$��E ����A�&�	!� ���K 6X� &�	!� � �/�5 ��/

 �+ ��5 ZX� �%�	@�/�4O� <��E :���  b�
��5L"��� . 

 ��� 34,� &+ B�I��7 ��+ $ ���!50$ V��� F/�.7 B"

�(����7 �"0	1��� $� �	�	����� &J$ ���!%� ��/� ��� 

���+ �+ &O+$ $� ����E ���+$�� 6��X?0 ���+ &'�/ ��%( 

:%2���7�� �/�E �%�	@�/ &@	@	��� ��/�$�*. 

  

2- 
��� ��
�����
���  
2-1- � �!� "#
!�  

 v%H �@	!�� ���H�7  �!%� �"�%!%5 6�iU��II  G+�O�  ��H

�$����� �+ ASTM C150  �"�%!%5 N%@��* 0 :��KXRF  $�

 <��>)1(  .�� ��/��� :+�;  

 �$����� &��� �G%A4H B" $� ���S�� �$	� &�����+ 

  <�� � �!%� &��� 6X� ��!I � �$��E ����A� F"��0*

CE 255 �� �$����� C�� �+ &��� B" .EN 196-1  $	��

                                                                                                                                                                                                                     
1. Hunan 
2. Transmission electron microscope 
3. PC 
4. NSF 

&�� $�	!� .��  �!@* G%A4H B" $� ���S�� �$	� &��� ���+

 :�5 $�)1(  .�� ��/��� :+�;  

  ��� 0 G%A4H B" $� ���S�� �$	� �%�	@�/ &@	@	���

 ��	/١  &%�H B%' $	����5 ��  ��(."���/ E%N"�� � 

5%!%��"  *  <��> $�)2( :+�; ��/������R!/ .%B 	iH"�� 

�	@�/ &@	@	��� $�	7 0%� 	iH �"� �%+	�����:��K �  0

]	�����%� F"��0* �����@ ���+�$٢ "B  :�5 $� ����	���

)2( �� ��5 ���  ��� &@	@ :�5 X��� &� ���+ m" � �

�� $��5* $ �	�	��� B"���.  

��+ <	�4� &%�H ��/$�	7 0 0�%� �$	� �"�%�; ��/NaOH �

KOH  �2Ca(OH)  <��> $�  * 6�iU�� &�)3(  uU��

��� ��5  ���S���5.  

 �	,�+ $	n�� &+�(����7  9%4� $� �%�	@�/ &@	@	���

 0  �!%� �"�%�;:�����/ �4O� <��E G%A4H B" $� �S��U� 

 ���S���5 &� 6$�,��7 :0 ���2�	+��%6X3�  B@��S�

�6��	S@	4@ �%	�� 6��	S@	�5 � 0	/6 .:�����/ �4O� <��E 

��5 ���+ b�� A4H �+ ����� �+%G @	� m��E%N� ��!/ � $7  �+ �

 b�!H  �%� $� ���* &� W	`	� B" &+ &>	H:�����/  <��E

�4O�  ���!%� 9%4� �  �!%� �+ ��Hh�+ �$�(0�� �	>	�

 ]�U�� ��$���5 � � [26]. 

  

2-2- $%� � &�
'�  

 $�"B �	���@ ������ 0 F/�.7%m 7��7� �	H ���5 &�

$���E�   	H �+ 6	� c	E��400  �6���+  �(����7

�	@�/%� <	�4� �I�� ��/� ��$	�%0�  �n��$	� �n�Q �+

 ���S���5 . B%�R!/��+ �0�� ��%(pH &�	!� 0 �/pH  ���

(PL-700PV. Gondo.Taiwan)  �;� �+±0.01  .�5 ���S��

 :�5 $� ������ �� B" �"	iH)3( .�� ��/��� :+�; 

 
 
  

 

5. LSF 
6. AE 
7. Frank Collins, et al 
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$��K 1. ���H�7  �!%� �"�%!%5 6�,%��H  

Component  % 

CaO 63 

2SiO 19.42 

3SO 6.8 

3O2Al 3.62 

3O2Fe 3.23 

MgO 2.69 

O2K 0.71 

2TiO  0.29 

MnO  0.19 

5O2P  0.1 

O2Na  0.09 

Cl  0.06 

Table. 1. Chemical properties of Portland cement 

 
 M*�1. &�� ��4���E�i� &��� ���+ 

 
Fig. 1. Gradation curves of aggregate 

 

 $��K2. �%�	@�/ &@	@	��� 6�iU��  

Property Value 

Purity (%) 98.9 

Specific surface area (m2/gr) 26.29 

Pore volume (gr/cm3) 0.122 

Young's modulus (GPa) 250 

SiO2 (%) 61.8 

Al2O3 (%) 37.8 

Fe2O3 (%) 0.312 

TiO2 (%) 0.078 

Table. 2. Properties of halloysite nanotube (HNT) 

 M*�2.  (OC� ]	�����%� �"	iH (] �%�	@�/ &@	@	��� $�	7

�%�	@�/ &@	@	��� ��+�$ ������@ 

  
Fig. 2. a) Halloysite nanotube powder b) TEM image of 
halloysite nanotube 

 $��K3. �"�%�; �	� ��/$�	7 6�iU��  

Property Ca(OH)2 KOH NaOH 

Compound Formula H2CaO2 HKO HNaO 

Color White White White 

Melting Point 580° C 393° C 318° C 

Density (gr/cm3) 2.24 2.04 2.13 

Molecular Weight (Da) 74.09 56.11 40 
Table. 3. Powder properties of alkaline materials 

 

 M*�3. �0�� (T@ z������ ��%(pH  m%�	���@ (]  

  
Fig. 3. a) pH meter b) Ultrasonic device 

 

2-4- )�
��� *�+  

2-4-1- ,�'-#
� �#-#-�
� ���.��/  

2-4-1-1- ���.��/ 00'-#
��, 1� $2�3 00'��
4� �  5�

2��-��%  
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B" &+  �/ �0 &+ �n� �$	� <	�4� �I�� ��+ &� 6$	�

3   N%� &+ ]* b�(1  �/ � &�U"$  g�p m" $�  �!%� b�(

&H 0 P7 �H �5 ��0]* <	�4�  �!%� ��%��-:��K  �!%� 

�	5&%,5 $	n�� &+ <	�4� B" . ���!%� 9%4� 9"�5 �0��

�"0	1��� $� ���S�� �$	� � &�I�� ���!%� ��/�5. 1� P

&�	!��/� ��0*"F &�	!� &� ��5 &�I�� :0��H$�,� �/1 &�	!� (

 �/�5���K 3 �%��@%��  � �OA� ]*3 �%��@%��  <	�4� 0

�	@�/%� <	�4�) h�+ $� ��5 �$�5  �O�Q �+gr/lit 4/0 ( 2 (

4� &�	!�%9 �%��!� ���K 3 �%��@%�� ]* <	�4� 0-�% �! 

��� 8%`	H)(h�+ $� ��5  �3 �%��@%�� �	@�/ <	�4� 0%� .

&�	!� &%�H 0 P7<	�4� B" 0 �/��"�> ��/  ��0 $� ��/

&�	!� 0 T��U�P�� �/ � �5 �$��+�+ �A�"&2  �"��iH
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���K KOH� NaOH  �2Ca(OH) �O�Q �+�/� 7%������  B'

 $��!/ �1  ���S���5 <��> )4( [29] �B" &+  &� 6$	�

$�	7 0 �iU�� ��0� $�A�  	%H�� �%2��$�%/ $	�^� ��/

<��> )4<	�4� � ��5 :K ]* ��%@ m" $� ( �"�%�; ��/

�5 &%�H �n� �$	� .3 ��%� <	�4�) �%�	@�/ <	�4� 0 ��%@

 FU+ 0 :��K2-4-1-1  �n�Q �+gr/lit 4/0 � (3 ��%� ��%@

<	�4� 0 m" �/ 0 �"�%�; ��/&�I����5  &��(�> 6$	� &+

 |	�U� ��"��" �+�5 &�	!� M%H�H B"�+ � F"��0* ��/

P�� �+ .�5 &�I��&�	!� B" 0 �$��+ $� ��5 &�I�� ��/

 ��0��/ T��U�  	" B" 0 m" �/ �%)�H �+ �/ ���$

&I	���	@�/	��� �(�5%� �$�+ �$	�� �E�( $�; .  

                                                                                                                                                                                                                     
1. Chen, et al 

 $��K4- <	�4� �n�Q�/� 5%!%��"  ��5 ���S����+ @	H%� 

H��% 	�/� 4� $� �	>	�%9 �%��!�  

Added compounds Concentration (gr/lit) 
NaOH 8 
KOH 22.4 

Ca(OH)2 Sat. 
Table. 4. Concentration of chemical solutions used to produce 
the cations in the cementitious environment 
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 6�� &+ P1� � ��5 |	�U�12   	H �+ � &A%;�25  $� 6�

 b�
� �(����7 6�%�!� m%�	���@ �������5 .�7 $� �"  0

��K <	�4� � �N%�	"� ]* ��4O� <��E :��� |X�I 0 :

 �5 ��j h�+ $� &� �%�	@�/ $�	74 ��%� $� � &�5��+ ��%@2 

��%� |	�U� ���!%� 9%4� ]* 0 ��%@�5  ��0 $� � ��/

&I	�� ��"�E 0 T��U�P�� �%�	@�/ �(�5�5 �$��+ .

 �!/ �� ��j &+ b0h&�	(  <��> $� &�)5(  ��5 ���  ���

 &��" &+ &>	H �+ ���&�%!�  �&�%�%+ g�i� 0�
� ��$� 

:�����/ �4O� <��E  G+�O�) ���!%� �"0	1��� $� T��U�

 �$�5 <	i4� �	@�H�� $� &� ������%@	H ���5 �����%75� �

 6��S�� (���� B" B�E�( �n� $� �+ N%� F"��0* B" $� �

W	`	�� ��5 $� ��5 &J$ ���$ G+�O :)4( �,2�   �%�

:�����/ �E��7 �4O� <��E :��� �+ �4O� <�X%2�	+�� 6

 B%%�H�5 � P1� ��I F"��0* B" ��+:���  N%���/ 

�4O� <��E ��7 B�E�( �n� $� $�%�� �+ $ 6X%2�	+��(PC) 

  N%� &+7 ��%� B%+ ���%@5/0  �H5/12 ��%� ��%@&,��4�  �

 ���S���5 0 m" �/ g�i�  N%� .:�����/ �4O� <��E 

<��> $� )6( �� ��/��� :+�;.  
 $��K5- 0�
� ��$� :�����/ �4O� <��E ���!%� �"0	1��� $�  

Surfactant Minimum Maximum  Average 
PC 0.1 1.6  0.85 

NSF 0.5 2.5  1.5 
LSF 0.3 1  0.65 
AE 0.04 0.08  0.06 

Table. 5. The permitted dosage (%) of different surfactants in 
cementitious composites  

M*�4- ���	�'  g�i�  N%� ]�U�� � &,��4�:����/�  <��E

4O�� T��U� G%A4H B" $�  

 

Fig. 4. The evaluation process of dosage of different 
surfactants for use in current research 

                                                                                                                                                                                                                     
1 Polycarboxylate Superplasticizers 

  

 $��K6- �% N  g�i�:�����/ �4O� <��E T��U�  

Surfactant Dosage (ml) 

PC 7 

LSF 5.5 

NSF 12.5 

AE 0.5 

Table. 6. The dosage of different surfactants 
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4O�� ]* $� <	�4� 6$	� &+) �5 ���S�� �+ (�(."���/ 
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4O��  �+�(."���/ �5 &�I�� 6X�. 
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1. Sorptivity 
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(DW)   0 P7(]  &%@� �@�K(T@2  (�  ����2  � ����45  (� &A%;�

24  � ����35 &A%;�  

  
Fig. 5. The dispersion of halloysite nanotube (HNT) in the 
cementitious environment (CE) and deionized water (DW), a) 
initial state b) after 2 hours c) after 2 hours and 45 minutes d) 
after 24 hours and 35 minutes 

3-2- 006700800�� 	-00� �
00�+K 9+Na 92+Ca   �00��$ �00�

�:-��,�'-#
�-�
�  ���+  

 :�5)6( 	��� $��E$�	@�/%� ( �+ $^<	�4� $�  ��0 �5�/� 

2Ca(OH) �NaOH �KOH  �  �����/�	��� .�	@�/%�  0 P7

�5^( 3 ;�%&A &E�`  ��0 0/ <	�4� &+  �5%2��$�%� 

2��%� :�5 )6 (T@ &I	�� &+ W��5  �5�����  &�"B 

�7"�� ����	H @� &+%: ��I W	;�%� 7:(�0�  9�	H"	   ��

E�p%��  2+Ca  +%B �	@�/ 6$j	���%� �S��$�+ �+ ��!/ .�5�+ $	O

:�5 $� &� )6 �� uU�� (]  ���K �5^( 0 P77 

&A%;� �	@�/ 6$j	���%�  $�&I	�� ���$ &�� $� �(�5

/ <	�4�%2��$�%� 2��%� N%� �%2��$�%/ �%���7 <	�4� $� �

&I	�� &+ W��5��  �5 �%�	@�/ &� �� �@�K $� B" � ����

.�� ����� $�"�7  ��R!/ �%2��$�%/ �"�� <	�4� $�  �+

  ��0 �5^(G+�O� <��5 )6  �%7 &�� ���$ B" (� �H �

�� �5^( 0 ��+ &��" �H ���1  <	�4� $� �%�	@�/ ����

&I	�� �!� �%2��$�%/ �"�� �� <�K B%!/ $� � �	5

 �%�	@�/�AH"��,  $�2 &H &+ ��"� <	�4� ��%�$ :��� ��%��

�� :�5 )6 (_ ."B ���0 6��SH� ����	H @� &+%: �%��� 

H�������@ &+j�>%�� +%��� " 	 +K5�� �� + �n�Q 0%��� "B 

" 	 �5�+ �0�H B�+ $� [34]�
�*0 .�"&� � 	��� 8O�%�%P $�� 

S�� $�+� ��  &+ &>	H �+ �"&�� 5 q�4@ 0%!%��"� � 8O

>$�I� &@	@	����/� �	@�/%� �(."�"�/� �>�$��' &+���� 

�%�%P �+��+ ���$�"B �� 	H  8O� &� �5� $�n��

&@	@	����/� �	@�/%� �%N $�� S�� $�+� ��5�+  [15] &>	H �+ �

� &�E�( b�
� 6�/��� &+� 	H  $��E$ ��!� &� ��� ���

&I	���5�(  ��> &+ &�" 	�/�  _$ �0�H B�+ $� �	>	� �0*

����/�  =;� $�����	H @� &+%: �%��� ����@ &+j�>���H%�� 

�% � �	@�/ 6$j 	���%� S�� $�+ �+� H�� �% 	�/� + $	�^��5�. 

 M*�6. $��E$ &I	���	@�/	���  �5%� <	�4� $��/� 2Ca(OH) �NaOH �

KOH   �5^( 0 P7 (T@3 ;�%&A   (]7 ;�%&A  (�10 ;�%&A  (�15 ;�%&A 
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Fig. 6. The agglomeration behaviour of halloysite nanotube in 
the solution of Ca(OH)2, NaOH and KOH; after a) 3 minutes 
b) 7 minutes c) 10 minutes d) 15 minutes e) 20 minutes f) 1 
hours 
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1 Wang, et al 
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Fig. 7. The deposion of halloysite nanotube with increasing of 
pH; after a) 4 min b) 10 min c) 40 min d) 60 min e) 110 min 
f) 240 min g) 1 day h) 2 days i) 5 days j) 7 days 
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Fig. 8. The effect of surfactant on the HNT dispersion; a) 
initial state, after b) 15 min c) 50 min d) 2 hours e) 2 hours 
and 45 min f) 20 h and 30 min g) 25 h  h) 31 h and 40 min 
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Fig. 9. The results of compressive strength test 
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Fig. 10. The results of flexural strength test 
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2. Nucleation site 
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�� ��� 0 $ �	I �"	��� FA� M%H�H 3��+ :��� B" ��/�

���� B" :%2���7 ���H &� �	5�� F/�� ����	�+ &��+ �+�" ��
" �

&I	���� F"NE N%� $ P"�H�� :U�UH  N%� ��/ &� �/�� $

�"��� �� ���%+ N%� 6X� ��"^7j	S�,�+ �E�? 0 .�	5 _�� �	

&�	!� ]* ]^>�%�	@�/ ���K ��/ZX� ��/ :��� �+ ��5

 $ �4O� <��E�� 	H &+ $���0�� &@	@	��� �����!� ��/

	@�/ FU+ $� &� ���!%� P"�H�� $� �%�3-5  &+ :���$	? &+

  * �+ ��X� .�� �,2� ��5 �$�5  *$���0�� �E�? 0 ��/

 C$ ��	� &��" &O�� &+ �%�	@�/	����� ]^> 0 P7 �

�� �%��I B" &� �$� b$	H �%�+�; ]* ����!� ��	H

:U�UH F5	7 $� �	�	��� B" �(�����7NE $ &�%J	� ��/ F"

�� �%��I B" 0 &� �/�  	�� &+  	H$���0��  �
�7

 &+ &� ��+ b�� ���!%� �"0	1��� $� �%�	@�/	��� �$^(�)

:U�UH �,���� :�5 � &�%J	� ��/�"��� $�  ]* ]^> _��

&�	!� �� F/�� $ 6X� �/�[9].  

� 8`� X��� L"��� G+�O� B"�+��+ �( &� �

&@	@	��� 0 ���S�� �+ �%�	@�/�4O� <��E :��� � ZX��	� �

3. Bridging effect 

 [
 D

O
I:

 1
0.

22
03

4/
22

.6
.1

09
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
ce

j.m
od

ar
es

.a
c.

ir
 o

n 
20

25
-0

7-
31

 ]
 

                            11 / 15

http://dx.doi.org/10.22034/22.6.109
https://mcej.modares.ac.ir/article-16-57604-fa.html


�C5C57�7 �D��6��� 9!�"�, ���E�+��-F ����"            �7��!� G!H� �� 9!�5C�� I��                  ���*�� � �.)*+��, �!,�-� ������ 

120 

&I	��%� P"�H�� $� �%�	@�/ ��/�� :�5 ���!��%( � � X!

 L�7 0 b��R%/ ���� B"$���0�� �!� $ ��5 ���+ b�� ��	H

 �	,�+ b��  * &
%�� � ��� �>�(."���/ �%�������� � � 

 ���!%� �"0	1������	5.  
 M*�11. ]* ]^> _�� F"��0* L"���  

  
Fig. 11. The results of rate of water absorption test 

 

4- �Q�B�����  
�� �%�	@�/ 6$j 	��� ��' �/ �	,�+ $� �+	�O� ����!� ���	H

�(."���/ �"0	1��� F@�' �� ���5�+ &�5� ���!%� ��/

�(����7  �+ .�$� �	>� �$	!/ ���!%� 9%4� $� �	�	��� B"

	� :�	� &+ =��> $	? &+ G%A4H B" $� C�� B%!/B" �+ �) 

&� �5 &�I��7 F@�' .�� �"0 Z�5 &+  * L"���  

 $� �$�+� �(����7 �	@�/%� 4� $�%9 �%��!�  ]* �

U��	��� &� �5 u�	@�/%� 4� <	�4� $�%9 �%��!�  �+

��Hh�+ ���� &I	�� &+ W��5&H �  �5��%�� �����@� .%: 

&I	���	@�/ 	���  �5%� �� $��� �%2SH :�5 B" &+  	H � &

4� $�%9 �%��!� H�� �n�Q% 	�/� +Na �+K   �2+Ca +%���  0

��"� " 	�/� �/ $� �	>	�� @� ����%& ���5�+ . B%!/ &+

 	%H�� B" &+ �S�� $�+ �+ �%�	@�/ :%@� � ��5 ]^> �/

&I	�� _$ �%�	@�/ $� �(�5���/�.   

 $�  ��$�+)kH%�  	" �+ �0* ��/�(����7 &@	@	����/ �%�	@

 ��/����5  B"���%+ �%2�� ��%E�p ��  	" &�)kH%�  �"��  	" �

 B"��!�)kH%� &I	�� �+ $ .��$� �%�	@�/  �5H�� �	>�% 	 
2+Ca   3��+"��
 :7(�0�  9�	H"B " 	 E�p��%�� ���	5� 

�R!/%B @� &+%: �%��� ����@ &+j�>H���%�� H��%	 �/� +Na  

 �+K  4� $�%9 �%��!� �	@�/ 	���  �5 &I	�� ���$%� 2H�"= 

���	5.  

 �%"�%�;  �+ 9%4��(����7  �%�	@�/ &@	@	���)kH%$^(� 

 .��&+ &>	H �+ "&�� 4�%9 4� �0�H B�+%9 �;%��"  � ��pH 

h�+�" �+��+ ��$�"B ����	H  �+�(����7 �	@�/ 	���%� )kH%�

�5�+ $^(. $� &>$��/� �;%��" 2+%$� h�+ (pH=12 & pH=13 & 

pH=13.5) � 0%�/��� �@ &�E��H�����%m +%B 	��� 6$j

�	@�/%� �� M,� � ��5 &����&I	 �	@�/ 	���  �5%� ��

�	5���+ ."B �(����7 �+� �	@�/	���%�  $�pH=11  _$��. 

 ���"L )kH &+ |	+��%� :�����/ �4O� <��E  $� T��U�

�(����7 �	@�/ &@	@	���%� ��K�  &� �	+  * 0 <��E :���

�4O� ��7 &"�7  ��� �	I 0 $ ����!� B"���+ 6X%2�	+��

.�� <	�4��/� ��K� @ � 6��	S@	� B@��S�%	�� � 6��	S@	� 

� &+��� 0	/&I	�� &+ W��5 ���� &+ �/�5 &�	! � ����  �5

,���� ����!��  �	,�+ $� $�(����7 &@	@	����/� �	@�/%�  0

�����  ��� �	I.  

 ��  ��� L"���  &��(."���/ &�I�� 6X� �+ ��5

ZX� �%�	@�/	��� �4O� <��E :��� �+ ��5(HNT1 & HNT3) 

�� �,���� �	,�+ �/�5 &�	!� &+ �,2�	dK &�%@�K$� ��+�" $

ZX� �%�	@�/	��� ����(HNTP3) &I	�� :%@� &+ $� �(�5

 �P"�H���(."���/ �� F/�� $ 6X�.�/� ��@�K B"���+ $� 

3 ZX� �%�	@�/	��� 0 ��0� ��$� �+ ��5�4O� <��E :��� 

��7 &"�76X%2�	+�� (HNT3) �2�	H  0 F%+ �H26  ��$�

 ��$��E ����A� 0 F%+22 ��!I ����A� ��$�  ����K 28 

]* ]^> _�� ��$�  �/�5 &�	!� &+ �,2� $ ���!%� 6X�

.�/� �	,�+ 

  

5- ��2$�< � ���8  
 N��� 6���2� � �$��!/ &@�A� B"  �(��2"	��%�	����� 

 �  �!� 	��� ����"��0* ��%@��� V��	� ������ ������@
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Abstract 

Cementitious composites are mainly used in the construction industry due to their good characteristics such as 
low cost, acceptable compressive strength, and easy access. However, there are many weaknesses in these 
materials, including low tensile strength, brittle behavior, and unacceptable durability (service life), which 
need to be improved to achieve more sustainable constructions. Nowadays, the using of nanotechnology have 
been growing and nanomaterials have been widely used in compound with a multitude of conventional 
materials. The outstanding chemical and physical properties of nanomaterials enable them to play a key role 
in various applications, such as modifying the material structure, ameliorating the properties of the material, 
and manufacturing modern multifunctional products. Recent advances in nanotechnology have led to produce 
nano-sized particles that can improve the durability performance of construction materials. Nanoparticles such 
as nano-silica, nano-Fe2O3, nano-clay, carbon nanotube (CNT), nano-Al2O3, nano-TiO2, and graphene oxide 
have been used to enhance the properties of cementitious composites. The performance of halloysite nanotube 
on the characteristics of cementitious composites has been studied less than other nanomaterials. Although the 
positive effects of nanomaterials such as halloysite nanotube (HNT) on the properties of cementitious 
composites have been proven, the very important issue of the correct and proper dispersion of nanomaterials 
in the cementitious environment has not been studied acceptably. The high surface energy and interparticle 
forces, including van der Waals, hydrogen bonding, and electrostatic interactions, make the nanomaterials 
highly susceptible to agglomeration. The aggregates of nanomaterials not only decrease their benefit but also 
act as potential weak spots in cementitious composites that can cause stress concentration, therewith 
diminishing the mechanical properties of cementitious composites. In this regard, the current paper 
investigated the effective factors on the agglomeration of halloysite nanotube (HNT) in the cementitious 
alkaline environment. Finally, this paper presented an approach for solving the problem of HNT 
agglomeration. Results showed that Ca2+, K+, and Na+ ions as alkaline agents of cement environment are the 
main factors to provide a state for HNT agglomeration. Among them, Ca2+ has more effect in agglomeration 
of halloysite nanotube due to the bridging effect between halloysite particles. From the results, the dispersion 
of HNT made better with increasing the alkalinity of cement environment until pH=11, while after this pH, 
the agglomeration of HNT started and the intense of agglomeration raised with the increase of pH, where it 
reached a maximum value at pH=13.5. Common approaches to nanoparticle dispersion are through physical 
methods (e.g., ultrasonic, high shear mixing, ball milling, etc.) and chemical methods (e.g., chemical 
modification of nanoparticle surfaces, use of dispersants such as surfactants, etc.). For the cementitious 
systems, a combination of ultrasonic and surfactant is mostly suggested. In this research, the effect of various 
surfactants on overcoming the agglomeration of halloysite nanotube in the cementitious environment was 
studied. The results indicated that the Polycarboxylate-based surfactant has better performance on improving 
the dispersion of HNT compared to that of other surfactants. Furthermore, incorporation of 3 wt% HNT 
enhanced the compressive, flexural and sorptivity of plain mortar up to 26, 22, and approximately 28%, 
respectively. The outcomes of the current paper display the fact that it is necessary to have special attention 
on the subject of the proper dispersion of nanomaterials in the cementitious environment for achieving the 
maximum efficiency of nanomaterials. 
 
Keywords: Halloysite nanotube, agglomeration, dispersion, surfactant, alkaline environment. 
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