
)����� �	�
��:�/�/����
��� ���� :�/�/��(

���� ���� �� 	��
��
 ����� �� �
����� ����� ��������
������� 

����� ��� �
��*��
�� ����  

����� ��� �!���"!#$% �&#' ���(� �)%*+ ��, �!�"!�$- �

!�
"#:�&��	 .! ���/0�! �+10�� "���! �*��� (+��& �+ 
'2��-�
� 3-!#	 �!*� .! ��+ ��*4�*51! �6
7&
'2�#80'�9+ ��:+! �+ �!*� �� �-
 � ��-� � ;+�<(��0� .>�0(�*0�+ 1�-��+�� ���6 .! ��#0�' �*5���*� �(�*)
�*�)+(.! ?@A(%���6 .! 1#0$6 �!��� &#,
� 1�-

 ��4 ;(� C��! .��*��*�
�*)(D��E �!�!� *��� ��:+! �+1�-�#+��6 10:�F �%*�0� ��C �6 ��! (� "G �(H�8�*$% 99-#I 
"�8�. & �8� #8+
��! .!
4&� �J!�! K�- �+ ?-&2I 7�!#+ 1.��!�L 1 �+ �*��� ��:+! �+ 1��*� �*�
�*)(�*0�+ .! �(��4 M�N�! ���!.1.�8�!�L �8�&� 

?
��.G O
#5 .! !9L! �.!��! 7((:C 1�-1� P&� �+ Q!�R (�91)PSA(ST
! *C#I P!#I �)XRD(�2
& UV� 7((:C �)SSA ( ���#+ &
� 
*I ��&#0T�! W*T�&#T(� #
&�XC)SEM (���4 9(���G �)Y#� #- ��.�8� ?-&28I 78
! Z
�80� 7
#80$�� .! �8+ �+�(08�� �8+ "!*8C

 �2
& UV� �+ ��� Q!�R*���1)m2/g ([\\.[] #V< 7(,��(� &A.^_�#6 ���4! #0�&#T(� .�8L�� .! P&� 78
! �� 1�8(�*C Q!�R*��8�1
`���� a*)E���*+ �!��*E#+ +��*51�80� �+ �L*C �+ �6
�8�.G Z
?�8-1�
��0E�8�91XRD �SEM &PSA �8�*$� �1�8�*� *��8� -

�*�
�*)(�+ ���*� *��� ��*$� �+ �`�� ���G ����*�
�*)(0:�F ��!.*)6
�+Na !�!� 1+ a*)E (� & #0 (,��(#0�b*6 Q!�R #V< 71
��!.�c$- (�0� 7
! Z
� "� � ?-&2I 7���*$� �6 �-�1��� "G a*X8�� UV8� & �8�! 9C�!*86 & Q��+#6 �<�	 ��4 d!#�0�! >�*

 �&�Y\[%�*0�+ �+ �`��(!9	! �
?
�0	���! .I P&�(���� 1!#+ 1��*� *��� d!#�0�! �*�
�*)(�*0�+ .! �(�V�!& �+ �19- 36 
��
� & "�*+(�+ 9��(4 �!*� .! ���/0�! M�% ;($(J��D��E ;Y!#� �� .��1`8���� ��*$� ��!#8+1�8-�#+��6 18J!#L! � 8-&2I &�& ��*8+ 

! .! ���/0�! "���!
?�+ �� !� >� *��� 7�-1� 3-!#	 �:�F e)0�� ���6 .

!%���&���
�' :>�*���f�(�*0�+ f��*� �(�*)
�*�f�
!.*)6 +NafXRDfSEMfSSA.

���(� 
��,�-��.!��! �6 1�&�Y �� Q!�R gh^i � #0� ���*4 �8(��:	 
�($(4�
�!*� ;+�< �!��� �+ �L*C�!9	! 
� ?�
�+� .!
j*k*� 7
l`�?
!9	! ;T41#
mI �!*� &��T4G "�84 a!*8E �8(/� &
�L
�1!#+ 1� �!*� ��*4 .E#+�! .! 
& 7
'2�l8L*� �8n �8-

 ��4 �!*�*��� Q#�4 . o#4 �+ ���!
��#]^.[^(�.!�8�!1Q!�R 
�&�Y ��gh^i#0� .\(;+�< ?
!9	! � �� �L*C a*X�� UV ._(

�L & �(/� a!*E "�4 ��T4G 8
 �!*8� �.r(& �0�8� ?
!98	!
;T4�!*� 1#
mI .[(�!*� �
�($(4 ��
. ��(�+ �(��:	 ?
!9	!.

�Hs*F! �
�I #F��% �#+��6 .! *��� 1�&��	 �#+��6 �
� �8� �#8(' .
�'2
& ��
�I #F��% 7
! .! M!�6 #- ���/0�! �6 ���!� �F�E 1�-

 "G .! �. �� �-��( a!*E lL*� �e)0�� 1�-�L
�1���*84.
�88� Q!�R*��88� 1�88-�#+��6 �88)$L .! tm88L & �88
9NC �88+ "!*88C

���
sG �#6 ���4! ��
. u(v� 1�-.�+�8+ �
�I #F��% �)6 �*5
 �#�
&� &�»7(
�I �+ s�+ «&»s�+ �+ 7(
�I«�E�� ;+�< �8�! .��

���� y
 �z*Xv� �(�*C 1!#+ 7(
�I �+ s�+ �#�
&�1��*8C !� 1! 
;�4�8� o{F! & �-� �8��6 .y8
 �P&� 78
! �� �8�(�Y �� 
����1;�4 & ��:+! ?-�6 �+ & ��#n t��0�! !� |�9+ �"G �8-� 

∗7/)C �z*}�� ����
*� :��~��~����� �#+�$�:���~�~�)��~~(��(�&#0��! ��I �:vahidouhadi@yahoo.ca 

z��30�(+���$4 ���"�0��.�~�v/F .! ���� �C ���

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

01
 ]

 

                               1 / 8

http://ijcm.ir/article-1-347-en.html


1#(�! �1�Y&! "!#
! ����4 ���6 & ����4�*)+ �)N� ���

 �� *��� ��:+! �+ z*Xv� y
 �+ 3(��)l)�! ��n 7
!�� ($- �� �
��! Q�:
�k ;�4 �+ �!*� .! ��:+ KmY ;��4] .(^hr.[

��*I*��88� H�Y{V88F! ��� 88� 36!#880� �88��Y �� !� �!*�*��88�~

�� ����� .! ��
�.!��! ���v�1��!� "G 1�- �8:�+ �
 �� ;<!�Y �-
 ��:�+ �� �� Hs*$:� �
 &�#0�8' ��1^�8C ^ii �8�! #0�*��8� 

][.[�!*�*��� .! ��
1���!� "!&!#8	 �#+��86 1��8NC �*�! �� �6 
��! ��� Q!�R*��� .>�*��� ��� 1�-��*I ��-!1�8+ �6 ��0�- 

�!��� ?
s�I 1��
. �+ & ��4 "!*�%
��&9	! y�?
!98	! 1!#+ 
��&��� ?
!9	! �?/�+!#	 *C#I #+!#+ �� �)+��� ���&�����#'�
�

����!�.�+1���
sG tmL ��):4 �-1& ��8
. u(v� �� �*L*� 
�8� ���/0�! 1#06�+ �k a!*E �<!*� ��:+ �� ��*84 .�*�8Y

 �8`(6#C Qs*Xv� �� ��*
 1*< 1�-��*(I ��N
! �%�+ >�*���
 6#C �!*� �� #0�+ �(/(6 ��N
! &(8`��8� �*84 .& ��*8
 �8�*(I

 88vC .! z*X88v� �� Q�v/88F �'�88�6!#I �880Y�#88(N�. �# 1!
z*88��*� �1��88:+! M!&� ?
!988	! l88L*� & ��#886 1#('*88)L �88-

 �8�#' �'�(c(I�
8� z*X8v� �� ��(��8�� a!*8E &��*84 .
y(08�{I �:�8F �� ��#0�8' Q�*F �+ ��� Q!�R*��� 1.�8�

 �� ���/0�! �-�#+��6 & ��*41��
. 1�*C �� 8(�� 8
!�G M.!*8� �
.��&�!�1v� �(. u
/XC ���(�1z�/� �tG #'?4*I & 1�8-
���!� .�+ ��� Q!�R*��� 7$k �� ! l86#� 3�L y
 "!*�%
78$

��4 �0E��4 ���:���!]\�[�A.[
�	# (I lL*� *��� 1�&��	 e8)0�� �
��F �� �	#,4 1�-

 �
��8F �� �!*�*��� 1�#+��n& 3�� Qs*Xv� .! �T
 ���! ��4
 >�*��� �e)0�� ��0�8- �8- .!#	
�-�8�1!�8
�*C Z8(>� *��8� �

*$% !#	 ;��4 H��
�-��14($(J��9-#I 
I H�0`�� & ��(c(��*8+ ��
 E#+ �� �6�& #+ ��!*� 
'2��-1�I
�1� >� (��C 9(� #���!m' .

:� ?-&2I 7
! �� >��! 7
! #+���4 .! ���/08�! �8+ �8C �8�!
4&������ (����*� ?�+ ��*�
�*8)(0�"G .! �8(�*0�+ �8�*$� 

0�� �+ & ��4 !�L(+����*� �+ �*�
�*)(7$8k �*��8� ��8:+! �+ �
��&9	! .! ���/0�! M�%��-14($(J��& .! ���/0�! "���! �
'2�-

�-1��*� >� *��� �*�
�*)(�*4 3-!#	 �.&
'2��8-1�8�*$� 1
��*��*�
�*)(& �+ ��4 d!#�0�! �
'2��-1�8�*$� 1>� *��8� 
0:�F�!.*)6 
�+Na��� 
��#+ & ������4 .

)�� � 
����&
! �� 8�� �88�*$� .! �?-&288I 78
��*0�+ 88(0:�88F >�*��88� & ��
!.*)6
�+Na �4 ���/0�! .��*$�1�*0�+ ��� (1��8NC M�� �+ ��

"�*0�+(! Q{	 �
"!#"�6#4 .! �"!
��+ "!#
�"�C(��84 ��8�! .

1- Nanopowder 

!
�*0�+ 7(�+ ���*8I Q�*8F1/8� (�� �8
84 �8+ ;(#1�8
��
���*4 .0:�F >� *����! �� ���/0�! ��*� 
2I 7M�� �+ �6 ?-&

��NC1"!.*)6
�+Na " 8� �k#%��6#84 .! ��*84"�*C 8( >� �
#�G t*�L
���"#E
�!�1��4 ��!.
!#	
.��!�L ��1��*� �*�
�*)(�*0�+ .! �(�86 Q�*8F �+ �
. ��88
88k*C #(�88	#' M�88N�! �884 ��!� U.�88)Y#� ��1z&! 
��*$� �-�
P&� �+ j�`4! "*(�����*� z��:C ��E ��� �`��
 �+ tG ��E [i�+\)\M#' �*0�+ 8(�/[i�0��8� l8:��#0� 
tG (�C(��4.��*$� S�� Q�� �+ �-@\�%�� ��8��!.#� �8+1
#0��!
����. 3- H{��6 �4�+ &�%#8�rpm _iii Q�8� �8+
^[ <� (��#' 96#�
9�84 ��.�8�0�! ��1!#	 
#' 986#� �8� 8
91�
 �+�"*,+G .�	 �� & ��#�� t*�� "��c$- ��*$� .! Q�*F �+ 

� �!#< O):����0	#' .!
&�Y "*,+G ?�+ 71y�*I �8-18�� �
�C ?�+ .! �(#' 96#� ��*� �� ��4 7
��4 !�L 9Q�8� �8+ &

88
y88�! ��88����#' �� �880/- &� 1�88+�88�� 1^±[i�88L�� 
�(�)(�4 y E >* .��*$� �-1�8+ �����#' �� ��4 y E -

�*5 �G ;��6(t�& ��4 �+���&G �� 78,$- Q�*8F 84���.��
?�+ M&� �)Y#� 1�z&! ��*$� �-1�C(��8)Y#� �� ��4 1z&! �

!
7��*$� Q�*F �+ ��+ �-1z��:C P&� �+ j�`84! "*(�����*� 
��E �� ��8E �8+ tG �`��[i�8+ ^)��#8�� t*8�� ?8�+
�*0�+(��)Y#� �� 1^/tG(�C(�Q�8� �8+ & ��4 �.&� ��8�b

 ����!.#� �+ �%�� � - ��!.&�1#0��! 
����. 3- H{��6 ���84 �
�%#� �+ S��rpm _iii Q�8� �8+ ^[<�(#' 986#� �8� 8
9

��4 &Q�� �+ & ��4 !�L ���*$� ��#�� t*�� ?�+ 8
y8�!�
�����#' �� �0/- &��+��� 1^±[i� �L�� (�8)(y 8E >*

�4 .��*$� �-1�+ �����#' �� ��4 y E 8�G ;8��6 Q�*F(t�
& ��4 ���&G �� 7,$- Q�*F �+ ���84.!8
7!#	 
��8+ Z�8I �8�
 �!#�C �4 ����� Q!�R �Cs1�+ ��E Q��+#6 &.! ;8��6 Q�*F

 *4 !�L "G��.�+ M.s
�&G ��1�8)Y#� �� �86 �8�! 1�8�� �
�
��*$��-1�$b�� t�(�G �+ ��4 y E �.& �`�� �+ 1!�^�+
^i ��*)' ".& �+ ���*$� ".& 1�$b�� !1�G(���4 t� .��*$�-
1���! �+ �6 
7>! 1 �8�*$� "!*8�% �8vC & �8(�C l(C#Ch
z!h�+)SLB (M�� �4 1�!m');�4^.(

�8(�C 1!#8+ �)Y#� #- "�
�I �� �8�*$� 1S8�
! *8C#I 1�8-
)XRD ( � 88
*I �8�&#0T�! W*T8�&#T(� #
&�X8C &)SEM ( .!

��*$� y E ��E M#' y
 �*	 1�- �8<� �+ ii^/i".& M#8' 

2- Southern Clay Products 
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1#(�! �1�Y&! "!#
! ����4 ���6 & ����4�*)+ �)N� ���

 1���-��
. y(��C*J� & ��
9(	 Q�X� ���*$� �V(v� >�*��� 1�-SLB!.*)6 �
�+Na��*$� &1����*0�+ �(.
Cloisite® Na+SLB Bentonite Physical and geo-environmental engineering properties 

10.03 10.00 9.9 pH (1:10 ; soil : water) 
00±0.5 8±0.5 Carbonate content (%) 
600Organic content (%) 
---Organic Modifier 
---Modifier Concentration 

524.8±5 522.58±5 416.5±5 Surface area (m2/ kg*10-3)
47.02 49.61 48. 80 CEC  (cmol / kg soil)                Na+

2.68 6.68 14.55 Ca+2 
0.58 1.38 1.46 Mg+2 
0.88 0.42 0.42 K+

51.16 58.09 65.23 Total: 
2.86 2.85 2.79 Gs

CH CH CH Classification 
Montmorillonite Montmorillonite Montmorillonite, Calcite, Quartz Mineral composition in decreasing abundance 
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≤gi%≤@i%≤[i%≤_i%≤^i%
54.83 µm37.52  µm24.97 µm12.69 µm4.03 µmBentonite 
27.04 µm19.00 µm13.90 µm9.04 µm3.78 µmCloisite® Na+ 
19.01 µm10.46 µm6.13  µm3.47  µm1.61 µmSLB 
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