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 4� 5���� 6�' �� ���78 (�".�/ � ����& 9�-,��� ��%��' :�;/ ,� �- �<��� 2�=�=>) ��0� �� (�"

 ���'�� 2,�? ��,.�/ � ����& 9�-,��� ��%��' ���
4 ,� . �� ��+ @�A�� (���>
 ,���� 2�=�=>) ���78 (�" 9"�B& 5%� 4� C�" D�)�) ��EF) 5��<)

G, H���� ,� 5���� 6�' ���%I8 (,��	��  ����J ��  ������ �� 5����6�' � ����& 9�-,��� - . �� ����& � 5����6�' C�" 5%� �� ����, (����  ,��% (��

9%�
48 4������ ��" �����  ������ (�"L�<
 ,� ����& $M� �  ���%I8 L�<
 ,� N����'�� ,��J���9%�
48 ��%� (�� ,� . ��"����� (�"  ������ �� ���78

 N��L�<
 ,�  ����&OJ�� ��+ .���9%�
48 P%��� ��,�� �� .�/ ������M��� 1��<) (�"9%�
48 (�� �� ,� �Q�' (�" 6�' ���%I8  +��	��  ����J

 5����,�  5%� ������� R�, (4��  �,�
 S��>) � �%6A) . �� ��'�� ,��J��
� P%��� �-  �� �8 ���"� ,������S�� ��, (�"  �� ��+ (,�83%  � ����&

 ��'�� ,��J $M� ,� V�W L�<
 cmol/kg-soil 200 ���%I8 N�� 5���� 6�' � �� .�/  ����J  +��	�� ��6�
 �� N�� ���%I819%   ������ ��  Z��

 �<�Z[�� 9%�6'���+  . �� �-  �� �7�\ ,� 5%� ���6'�3% ����� �� ����& �� ���78 (�"cmol/kg-soil 200  9%�6'� DZ� �N��72%  ��6�
 ,�  ����J

 ��  ���������%I8 (,��	�� N�� .�+ �<�Z[  ������ ��  Z�� ,� ���%I8 (,��	��  ����J :�;/ ,� G��� 5%� �� ,�#\ �� ,� ����&�G, H� - 6�'

���)�- � ����& ���I���- ����& (�"��%��' 5�� �����& � 5���� ^��) 5���� 6�' ���%I8 ���- �7��M- �����& ^��) ���%I8 ���- �7��M- 9=� � N�� (�"

 .�,�� (��
�� ,���� ��EF) �����&  
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1 - �����  

1�� ,� ��/� (�" ��+ ��<�? � �"�	+ R����  ���  �� ��

 �(�
� �<
�0���%I8 ,�#\.�/ ,� 5���� 6�' (�"�"  ��6�
 ��

���������-  �� ��'�% 9%�6'� (�[1]. 5���� 2�6�' 5�� ,��  N��

(Pb) (�, �(Zn)  $
 �(Cu)  5�+�� � ������ ���,�- S�7� ��

��B%�(�"  ,��J �0�) �,�
 ��
�� .���_/ � �����'�� ���[2-

3].  ��%4 ,��=
 � O�A) �@��� ����� ���  �� �� 5���� 2�6�'

 ���� ��A
– �
"�B& 

G,�
 ����� ����	
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�8�7��4 ,� �"�" ��<�? (H	
 4� ��%������ 5%�) �%4 (�" -

����" �_�>
 [4]. .�/ ��, (�"  �'�b ����
 �?��/ (�,��

���%I8  +��	�� (��� ��%4 1��Z)  �'�b � H- (�%c&d�e� ��"

 ����)�-" �0�) S��J�- ���� ��% Cc\ �� �A�
 4� (6�' (�"

�
 1��>
���+ [5-7]. H	
 S
��� 5%�)��� (���5���� 6�' (,�� 

 �.�/ ^��) f�����- ,� ��0�
 (�" ��% ��7��  V�W �.�/

 ,��=
 � (6�'pH .�/ ���-  7�\ ,� . ���"(  � �B%� g_� ��

h,6� ����)�- 1��Z)  �'�b���  �'�b ��) 6�' (,�� 5����

� ��,�� (��
�[8-9].  G, ������M��� �� ��+ @�A�� 2�<7�_


��% Nc0 �-  �� ���� ��
� ,� 5���� 6�' (�".�/ (�"�,� �

 ��pH  ������M��� 6�� ,� .�,�� ����� �%��=
pH  2�6�' ��i�/

2�e7�� ��"���-�,��" ����
 �)�Z�-�) S��
) �� 5�������� � �" -

2���- (�"�
 N��, �"- �%��=
 ,� .���pH  2�6�' �(����

�
 G, .�/ 2�,d Nc0 (���- �
j��E� �� 5���� ��%4 ���+

 5��  ��J,+H ��% � %�� (��� 5���� 6�' (�" Nc0 (�"

 �,�� ��0�[10].  

1�� ,� ��%� (�� 4� ����& 4� ��/� (�"�k��& ,� (�"

 �%4 l���)�mk � �����)�mk �_�>
. �� ��+ ���e���  4�

�7��4 5'� ,� �"����&���" (�"�7��4 � (���+ ���e��� ��<�? (�" -

� �. �8 5��n�" �"���%I8 1�=��� Cc\ �% 9"�-  ����J �78 (�"

 ��,�� 6�� �,[14].  �"����&��-�
 1��7�
 4� ��+ ��/�� (�"

 �4��
� .����" �"�
���
 @��� ����+,���) lo�- (�"�\��

���- p3?��& �� ��, (�"���- �  �� �E�
 R�, l% �"��� (�"

p3?� ��,,�6�7�)�- ����� �� ��+  � Nd�0 ��+ ���e��� ,� �

 %4�M
�- �" 6���
 ���e��� p3?� (��� ����� ���%�, �� .���+

���- �>_� �"���%�, 5%� �- �,�� ��0� �"����& �� ��, (�"

���- �� �"����& �%����+ ����& � ��%6�' 9+�&��, (�" ��% � -

��e\ 1��� ,� 1��>
 (�".�/ (� H	
 4� ��% . �� 5%�)

%�6
 ,��/�� ���q) @�� ��%6�' 9+�& (����- . �� ��, (�"

����& 5%� ��%4�  9�-,��� ���
� 9"�-1��7�
 5�� � Nd�0 (�"

���- �� ��, (�" [11]. �k��& ,� 1����
 (�"����& 4� ��%(�" 

����	
 ����& �S%�-8 ��&��
8 (PAM)  (�,�� ����& 5%� . ��

 f���� 4� � ���� ��%���7� ,�� f���� � �7��7�
 �4� O��� ����>


��4,� (�"����& �
 �=�) (���,�- � ��+[12].  S%�-8 ��&��
8 

 N8 ��e;) �.�/ 9%���' 1���- ����
 ������
 (�"���,�- (�,��

  �� .�/ p3?� �[13]. �
 .�/ ,� �"����& �� �����) 2,�?

- S�� .�/ �� ���"� �����&���.�/ ,� �"����& 5��n�" .  9=�

9+�&��,�� ����- G�Z>
 � ���"�4�� . �  5�� ����& ,�- ��&

S%�-8 ��
8 f�� �� 4� ���e��� ��  ������ �PAM  �� �,�� ����)

�
 ,�� �� �  Zi
 ,�� (�e �� ��+ �<7�_
[13].  �- ��� ��
� P%���

�? �� ����& �� �"����� 9�-��  ������ �� ���

 2,.  (�"����&

 S�+ ,� �-  ������ � ����& 5�� ��?�)1(  ��+ ���� ��
�

4� ��),�Z� � �� :[13]   

1( ���)�- 5�� �Z_J �� ��% ����& S�����- � �7��Z) (�"

 �B��-�C=O  �"��
8 ���� 4�2CONH 

2( ���� 5�� ��k�,��" ����&1��7�
 � ��
8 (�" N8 (�"

���& ,�����)�- ��+ �)�,��" (�"�7��Z) (�" 

 %841. �
 1 ��?� ����&PAM ���)�- �  ������ �7��Z) (�"[13]. 

  
Fig. 1. A model for the main bonding between PAM and 
exchangeable cations of smectite [13]. 

�
 �V� �� ��, �O%�� R��� �� �"����&@��>��� 9%�6'� �

 ����� ,� ��%4  
��=
 � H- (�%c&d�e���%���J � (���� %̂��+ 

 �Z���
 �������k��& ,� �%4 l���)�mk � �����)�mk (�"

 .��,�� �_�>
  

 �<��� 2�=�=>) ��0� ��� �-(4��,��%�& ���
4 , � ���

���%I8 (,�� �" ,�#\ ,� ����6'� ���
��+ @�A���  �0�)

 (4��,��%�& �� (���>
���%I8�"  ��'�� 2,�? ����& ^��)

 . �� 9"�B& 5%� C�",� ����& 9=� ��,�� ���%I8 (,��	�� 

 �� �8 ��%�=
 � .�/ ,� 5���� 6�' ,� ���%I8  +��	��  ����J

.�/S�� (�" ����& �� ��+ (,�8 ��.  
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2 - ��� � ������  

  ������ ��<�? @�� �� 9"�B& 5%� ,� ���e��� �,�
  ������

23' ��+ ��	)  %,�� ���%�  -�+ 4� � ���� ���%� . ��

 (��� h,6� :�;j
 g_� 5�+�� � ������ N�j��� S�7�

 ����& �� 9�-,���[12-13]H
o  �?�/ � � ��� �8 Nc0 ,�

���%I8  +��	�� ����� �" . �� 1��0)1(  �/��

�
 ��
� �, ���e��� �,�
  ������ 2�;j

 .�"� ����&

���e��� �,�
 �t�=>) 5%� , @�� �� �S%�-8 ��&��
8  4� �����8

 �6% ���+ ��/� ����� 9���  -�+ 4� �/�� �- ��+ ��	)

 2�;j

 �8 1��0 ,�)2( + �m�,� . �� �� ����& 5%�

?�_ �� �8 ���- �'�u� (��� �  �� ��8 �%�& ����& v�\3

 $M� � ��+ S\ �_=
 N8 ,� ����& �����  �� @4I �.�/

�'�u� .�/ ��  N8 � ����& w��j
 4� �7�=
 5%� ,� .��+

 ����� �� �_=
���� +�� "7�����7  \��) &����"ا @��. ��  
  

 C��D1.  �/�� 2�;j

l���)�mk  �%4 ������ �_�>
  

Reference for 

method of 

measurement 

Measured 

quantity 
Experiment 

ASTM, D 6276 [16] 10.8 
pH (1:50; 
soil:water) 

Hesse, 1972 [17] 10 Carbonate % 

Handershot & 
Duquette, 1986 [18] 

68 
CEC 

(cmol/kg-soil) 

Yong et al., 1992 [7]  
Montmorillonite, 

quartz, calcite  
Mineral type 

in soil 

ASTM, D 3282 [19] CH Soil 
classification 

Table 1. Some of the characteristics of bentonite. 

  

 C��D2.  4� �/����B%�(�"  ����&S%�-8 ��&��
8  

Visual 

apparent  

Anion 

quantity 
(%) 

Required time 

for solubility in 

25 degrees 

water 

pH of 

solution  

White 
granular 
powder  

20-25  
Leass than 60 

minutes  
6 

Table 2. Some of the properties of  polyacrylamide. 

  

  �7�=
 5%� ,� 6�� N�� 2����� l��)2)3(Pb(NO  ��

�+ N�j��� ���%I8 ����� �� � 9�-,��� ��,�� ,�V�
 �� .

  ������ 1��<) 9%�
48 4� �5���� 6�' ���%I8 �� ����& �

.�/ ������M��� 9%�
48 ����A
)�7��<) (�"(  ���e���

 �+[15]. 9%�
48 5%� ,� �" Z��  ��4�1:50 )50  �\��

.�/ ��4� �\�� l% ��  �7����7� ��4� (��+ @�A�����.   

 �����  /�� ,� 1��<) 9%�
48 (��� ������M���

.�/ R�, �� �� 2��e�
 .�+ ���� ,�- � �� N�j���  ��

����� (��� R�, L�<
 ,� D�)�) �E� 5�'�� �V� ,� (4��

 ���%I8 (���,��Jl7�& �� ����& � (6�' ��%��' ,� ��, (�"

G, 9�-,��� - . �� ���� 5���� 6�' ���%I8 � ����& ,�

 R�, �� ��?� 2��e) OJ������� D�)�) ,� Q�' (4��

l7�& �� 5���� 6�' ���%I8 � ����& (���,��J ��, (�"

 ������ ����� ����� 1�� R�, ,� . ��� S�� ����& �� (,�8


 ,� $M� � ��+ . �� ��'�� ,��J 5���� 6�' ���%I8 L�<

 N�� 5����6�' ��  ������ �@�� R�, ,� �5��7 ��+ ���78

 � 4� �<� L�<
 ,� ����j
�� ,� ��+ l
/  �7����7�

 5%� 4� ��+ c/� P%��� ���%4,� . �� ��'�� ,��J ����& (��\

9%�
48S��  ��"� �"���� ��7�� (,�8�  � ,� ����& ��

 ���%I8 (,��	��l7�& (4���
�0 9=� � (1�� R�,)(�" 

I8 � ��,% 5���� 6�' ��� ����& �� ��
� �, (@�� R�,)

 .��� �"��/: �� �%4 p�+ �� R�, �� 5%�  

 1�� @�J ,� :1�� R�, (y7�� ,��& �%��=
 �� ����& 0,5 �

1 �2  �3 ��4� �?,�  .�/ ,�1000  �_=
 N8 ���7 ���


 S\��+ (����& (��\  �7����7�) 1��>
 5%� $M� . ��

 ��20  �� ������M��� (4�� ���
8) �+ �'�u�  ������ @��

  Z��1:50 .( $M�N��) ������M��� ����� (��\ (�" ,�

2�
 ��
4 96  �" ,� � ���24  2�
 ��  ���2   ���

 ��%���7� �����4�7 ������ (�, ���� ,��J�+��  1�;\)

(1��<) ^%��+. �� ���\�
 5%� 4� �<�����"��M��� (� ���

 ������ - ����&C�b S/�� ,� � ���+ ��j%, :�;j
 (�"

 (�
�60  .���+ l
/ ���j
�� �0,� OJ�� ,������ (�"

 �������  �O%�
 ����& y��j
 (�"�?,� �� 9�-,��� 4� $&

9%�
48 ��=� @�A�� (��� � ��+ l
/�e��� �,�
 �" ,��J ��

��'�� .��� ��
6�"1��>
 N�� 2����� S
�+ (�"

2)3Pb(NO  V�W ,� (�"y��j
  w��j
 @�� l% .�+ ��	)

 ����� l
/  ������ (��\ y��j
 (�"�?,� ����& �-)

 (����� ��+ l
/ � ��	) SZJ ��\�
 ,�  J� ��0,001  @��
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��) S/�� � ��+ �4�N k��e%�����  $M� .�+ ��j%,50 

���
��7  �7����7� 4� �5���� 6�' (��\  .�+ �'�u� .�/ ��

 V�W 2����q) ��
�� (�" �7����7�  N�� 2����� (��\ ��

W S
�+ .�/ V� (�"5 �50 �100  �cmol/kg-soil 200 

 �� ���� .' �1��<) ^%��+ 1�;\ 4� $&����� O%�
 4� 4� �"

 $M� .�+ ��0 .�/ �
�0 4�' 4� ����- k��e%����� t%�[

 ��)� Nc0 ������ 4� ���e��� �� O%�
 4�' 4� �
j�(GBC 

932 AB Plus) ��+ 6�7��8 ���)�- ��+ (,��	�� �%��=
 . �� 

 ��7�� �%��=
 Su�e) 4� �N�� ����� �� ��+ �'�u��%��=
 � 

�4������ �O%�
 4�' ,� ��+ (��� 
8  �� . �� ��  

 :@�� R�, (N@�� R�, ,� �����(4�� 4� $& �

-,��� (��\  �7����7� � ������ � 5���� 6�' ���%I8 9�

 ����& (�_=
 N8 � ����& w��j
) ��+ l
/  ������ ��

 . �� ��+ �'�u� ���%I8 (��\��1��>
 ��� S
�+ (�"

 N�� 2�����2)3Pb(NO  V�W ,� (�"y��j
  � �+ ��	)

cc 50 1��>
 5%� 4� .�+ �'�u�  ������ @�� l% �� �" $&

����� �1��<) ^%��+ 1�;\ 4� �" ,� (�
�60 �0,� 

 ���j
�����+ l
/ .$M� ����� @�� l% l
/  ��,

� �� N�� �� ���78  J0,001 N��) S/�� � ��+ �4� @�� 

1��>
 .�+ ��j%, k��e%����� Z�� �� ����& (�" ��4� 

1:50 )50 4� �\��.�/ ��4� �\�� l% �  �7����7� �� (

 V�W ,� y��j
 (�" .�+ �'�u� .�/ �� 1�;\ 4� $&

�1��<) ^%��+  ���8 �� �0�) �� ����&S%�-8 ��&��
8   7�\

�7k Nc0 9%�
48 @�A�� ��,�� (������ �� �"���
�� �%c& ���Z
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�0 4�' 4� ����� O%�
 4�' ��"
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 @�A�� (���|�%�'��  �'�b 9%�
48 V�W ��"�%  4�

 l%���� ����)3(HNO�  4�0,002  �)0,02  .�+ ���
8 ,I�


����� 4� @��- �" 4� $M� ������ �  ������ (�" (��\ (�"
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  ������ Nc0.  ,�

 V�W 9%�6'� DZ� ����& ,�#\ ���
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 4�' ,� ��0�
 ����& t%�[ 4� ���%I8 (,��	�� �� ��3� O%�


 � �8 ���� 9+�& t%�[ 4� ���%I8 (,��	�� 9=� ��m����+

���)�- ���- G�Z>
. +�� �"��/ 6�� �, 5���� 6�' (�"  
  

 %842. 9%�
48 P%��� 5��<) (��� Nc0 (�" (,��	�� N��S��  ������ ,� -

 L�<
 ,� ��'�� ,��J $M� �  ����& �� ��+ (,�8 2�����N��  
  

  

  

  

  

  

  

  

  

  

  

Fig. 2. Heavy metal retention in polymer cured bentonite 

samples after exposure to lead nitrate. 
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 ���\5,8  �� N�� ���%I8  V�W 9%�6'� �� . �� ���� 9"�-
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pH  �̂>
.�/ ����� 4� ���- �� �5,2 

 . �� ����, ���%� (�� 4������ ,�S�� (�" �� ��+ (,�8

 ,��=
 �����& y��j
 (�"�?,�pH   V�W ,�cmol/kg-soil 50  4�

 4� ��
�� �5���� 6�' ���%I87  �� ���� .�� �0�) �� ���8  SJ��\

 ,� 5���� 6�'  +��	�� ^%��+ 5%��	� � 5���� 2�6�' 1�=���pH 

�
 Q�e)� �%���J�'� �[22] 9%�6'� D0�
 vI��<
 ����& ,�#\ �

 6�' ���%I8 ��6�
 9%�6'� �� �'�[ 4� . �� ��+ ���%I8  +��	��

 �N�� 5���� ,��=
pH  6�' ��%4  V�W ,�#\ . �� ��'�% 9"�-

 5����2+Pb  9"�- D0�
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 ������M��� 5%� S%I� �- ��+

 ��% (4����48 ��
�+H  ��+ 6�7�,��" S�7� ��2+Pb   ��J, � N8 ,�

 ��%2+Pb  �+H  %�� (��� . �� Nc0 (�" ���8 5�u2+Pb 

 ��  Z�� (��
�� S%��)+H l7�& �� Nc0 (��� (�"�,�� ��, 

[22].  
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 (�"�?,� �� ��+ (,�8
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Fig. 3. pH variations of polymer treated bentonite samples at 

different concentrations of heavy metals. 
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S�� $M� � N�� ���%I8����& y��j
 (�"�?,� �� ��+ (,�8  

  

  

  

  

  

  

  

  

  

  
Fig4. Heavy metal retention of contaminated bentonite after 
treating with polymer.  
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 ,� ��'��

� �<�Z[  ��������+���� .����� ,�(�"   V�W �- ����& �J�'  ������
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 ^��) ������M��� �� ��+ �'�u� ���%I8 .�/ ��+ (,��	��

 . ��'�,��=
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 9%�6'�22  ���%I8 (,��	�� (�?,������ ,� ���%I8 (��\ (�"

S�� � 5���� 6�' ����& �� ��+ (,�8�+ �<�Z[  ������ ��  Z��� -

 ��,� 5��n�" . ����� ��" (�"Q�' � �� ���%I8  +��	��  ����J

  V�W �) ����& y��j
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 ������ �� ��+ �'�u� .����" tZ_�
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Fig. 5. Buffering capacity of PAM, bentonite, and PAM 

treated bentonite samples. 
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 � ��-

pH  �8 ��7�� ,��=
 4�9,4  ,��=
 ��4,2   V�W ,�cmol 

soil-/kg+H 200  �����
 �V� �� . �� .�/ 9+�& �- ��,
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 (��\  ���7�m�- �  ���7�m�-4%  (��
� t�=>) ,� 2����-[23]. 

 
 
 
 
 
 
 
 
 
 
 

  
  

 Fig. 6. A comparison between PAM buffering capacity of 

this research with that of kaolinite and kaolinite with 4% 
carbonated in Amiri research [23]. 
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Figure 7. A comparison of heavy metal retention at different samples in atomic absorption tests 
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Abstract: 
In recent years the use of nano materials in engineering projects has significantly increased. In fact, the impact of nano 

materials as a component in composite materials is one of the new horizons in engineering science. On the other hand, 
existence of heavy metal contaminated soils is one of the common problems in geo-environmental projects all 
around the world. In the process of retention of heavy metals by clayey soils, the pH of soil solution plays a 
significant role. In fact, an increase in pH of soil pore fluid causes a noticeable increase in contaminant retention. On 
the other hand, the use of additives in soil can increase the contaminant retention as well. In comparison with other 
additives such as cement, polymers do not require a long curing conditions. In addition, they have a positive impact 
on permeability of compacted soil, in which their presence decrease the soil permeability. In spite of several 
researches on the interaction process of clay minerals and polymer, there are very limited researches on the 
interaction process of polymer-clay minerals-heavy metal contaminant. Therefore, the main objective of this paper is 
to investigate the role of polyacrylamide polymer in retention of heavy metals in bentonite.  
To achieve the above mentioned objective, at the first step, the buffering capacity of polymer treated bentonite 
samples were measured. In this series of experiments, different concentrations of nitric acid from 0.002 to 0.02 molar 
were prepared. Then, 4 grams of bentonite and bentonite treated with different concentrations of polymer were 
poured in centrifuged tubes. Then, 40 cc of nitric acid were added to each centrifuge tube. After equilibrium period, 
the pH of soil suspension was measured and reported. In the second step of this research, two different series of 
experiments were performed. In the first series of experiments of this research, bentonite treated by polymer were 
exposed to different concentrations of heavy metal contaminants. In the second series of experiments, contaminated 
bentonite samples were treated by different percentages of polymer. The contaminant retention of these samples was 
investigated by performance of sets of batch equilibrium experiments. The achieved results indicate that the polymer 
treated bentonite sample (with 3% polymer), after exposure to 200 cmol/kg-soil has shown 19% increase in 
contaminant retention in comparison to bentonite sample. However, the addition of 3% polymer to contaminated 
bentonite with 200 cmol/kg-soil lead nitrate has shown 72% increase in contaminant retention in comparison to 
contaminant retention of bentonite sample. Based on the achieved experimental results it is concluded that there are 
three phases in heavy metal contaminants in interaction process of bentonite-polymer-heavy metal. These phases 
include retention by double-layer of clay, the contaminant retention in micro pores of clay minerals which are 
solidified by polymer, and the contaminate retention capability of polymer. According to the achieved results, the 
solidification effect of polymer has more contribution to the contaminant retention than the polymer buffering 
capacity. This proves that post-solidification of contaminated bentonite is a practical method for efficient prevention 
of contaminant transport in clayey soils.   
 

Keywords: Bentonite, Heavy metal contaminant, Polymer, Buffering capacity, Solidification.
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