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Abstract: Gharenaz bentonite contains montmorillonite as the major mineral constituent and 
Ca as the major exchangeable cation. In the present study, the structural changes occurred in 
the course of acid activation of this bentonite was investigated by chemical analysis using  
ICP-AES and phase analysis using XRD methods. Chemical analysis showed that most of the 
exchangeable cations i.e. K+, Na+ and Ca2+, can be dissolved at low acid concentration 
whereas the dissolution of the octahedral layer cations, i.e. Mg2+, Fe2+ and Al3+, depends on 
the acid concentration. The acid treatment experiments on Gharenaz bentonite by sulfuric acid 
showed that removal of octahedral cations increases as the acid concentration raises up to 3 
normal after which, it remains almost constant. However a further increase in the dissolution 
of these cations was observed at the acid concentrations more than 5 normal. XRD analysis of 
the activated samples indicated, i) the elimination of calcite mineral even at low acid 
concentration. ii) the formation of calcium sulfate (gypsum) and iii) decrease in the intensity 
of (001) peak of montmorillonite during the activation process, due to the partial destruction 
of the octahedral layers. In order to evaluate the optimum structural changes, the activated 
samples was used in bleaching of an edible oil. The results showed that the bentonite 
activated at 3 normal is most efficient in the bleaching process. 

Keywords: bentonite, montmorillonite, acid activation, structural changes. 

Vol. 16, No. 1, Spring 1387/2008 

D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 a

t 2
:0

7 
+

03
30

 o
n 

S
un

da
y 

O
ct

ob
er

 2
5t

h 
20

20

http://ijcm.ir/article-1-646-fa.html


����� ���� 	�
� �� �� ��� ��� ������� ������� ������� ����� 
�� ����� ��� �� �� �!" 

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

��� ���� 	
����� ����� ����� ��
�� ��� ������ 
����� � �!�" � #$% 	
���������� �

&'(���)'*� �+� :ghobadimitra@yahoo.com 

���./:&$"� ����% -� �(��$ .�� ���� ��
/ �
0�1 �
)2� 1
� 	�3 �(��)��&$"� ����% -� #(+$4 � &�
4 5 ��6 �!� ��(�
4 5 ��-
�2� � 7�.& 
(9(� :(*
�; 
� �<(2� �1
2 =
!> �?� .� �(��)�� 5 � �.
)�
2 @��((A� &���� .
4 5 � .�ICP-AES :(*
�; �

�1
>XRD3 &2.�� �.�� �2� -)>�B .�� .6 �!� �
���(�
4 -4 ��� �
�� & 
(9(� :(*
�;CD� � 7� K+�Na+��+�Ca �
�)F$G .� 
�
���(�
4 H��� -I(*
/ .� 	<� C/ 5( 
�+JAl �+�Fe��+Mg�2� -)+��� <(2� �F$G -� .�
�)F$G .� J
�K@��((A� 5 � �=
��� 

�F$G ��.� � 	<�
� ��
?K �:>� <��. �=
��� &�L� �� �
���(�
4 H��� .� 	.
��� &��<� 	<
�� .�
��*�XRD-��9� =
!> �

-M ��� �
�� 	<� :�(�(+$M 1
> .� �2� 	<� O7/ <(2� 5( 
� �
� .
0����(#(+$M @
P*�2)RS � (�2� 	<� �
0 �J(�
4

 T$3 @<� .� :(� &U+�)VV� (
2 =
!> �?� .� �(��$ .�� ���� 1
> -� W���� T X �
���(�
4 &0 .<� =YZ�� 1� &�
� -4 �<(2� �1
<� 	<
�� �2� �; &[:L \ ��� � &�L� ��.-�-��9� �-�(�� �.
)�
2 @��((A� ��.�; �2� -� .�F�� .� 	<� =
!> �


<�<� 	�
P)2� &M�.�� 5G�. ��U��. ..� 	<� =
!> T��9� -M ��� �
�� ] 
)�J
�� ��U��. <� ��> ���� =
��� �2� 5 �)U2.

�1�2���'- ��3:�.
)�
2 @��((A� ��<(2� �1
2 =
!> ��(��$ .�9)��� ��(��)��.

4#�5# 
^��� 5)��� �_
� -� -4 �2� &2. �
�(�
4 `:L �(��)��

�.�� a 
�" .� ��<!)� �
���.
4 �	� � .-� 
�2. 5 � &B� �
 ���� &�!  
��; b<�� C(I�� &$"� &�
4 .
)�
2 C(*�

��$ .���2� �( .�� T X c  1� &�
4 5 � �.
)�
2 </��
 C(I�� &+($(2 &�L� .
�d T X �� 5(� &��(�(��*; &�L�

 �2� 	<�]���[.- X .� 
� & 
���  X�9!� &�L� �� �

 <��
� �)94 �(>�g+�Mg �+�Fe5 :� 
L J+Al&� <��� .5 �

&� &I �)I*� �1��� h<% -� �0�� &�(��
L5(�d .� -M 	<� 
<��
� &L.
� �
���(�
4 i7L 
� &P�� .
� ��.���Na+�K+�

+Ca2&� &D�� ��� ..� ��(�
4 c  &�(��
L &$4 .�_ -�
 &�(��
L -� -�
�� b1�<�� 
� ��� � ��(�
4 �
L -� -IU�
 �
0 � -� �0�� 
���(�
4 5 � i7L � ��2� .���� &)� �9

6 �!� �("
��(��)�� &��(�
4 �� 7�&� 
��� .��X
� ^�
&� j%
� �?�� &�k
L ����% -� 	�
P)2� �($�
3 &�
4 5 � 
� ���

 ��(B .��3 	�
P)2� �.�� &)!�" � &4�.�� �
��G�. ��U��. .�
]J[.�Z� �. 
��; X�9!� �
�2. 5 � i7L �($�
3 � �:>� ����

&� .��3 �1
2 =
!> C9%<�� .	<9% 1� �<(2� �1
2 =
!>
<� ��>1���� -4 �2� & 
 i�$l� &�7L ^��� � �:>� ���� 	

�(��)��&� 	�
P)2� 
��� .���.<( ��  �<� ��> 5 � -0()� .�

�#�:�
� =
2
9� b.m.
�� �noTZP" 1� �mp
��V

)-*
q� �>
 .��V/K/�JnK�& 
�� -�+� �/s/�Jnt(

D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 a

t 2
:0

7 
+

03
30

 o
n 

S
un

da
y 

O
ct

ob
er

 2
5t

h 
20

20

http://ijcm.ir/article-1-646-fa.html


�1
2 =
!> �?� .� 1
� 	�3 �(��)�� �.
)�
2 @��((A� &2.��... ١٥

6 �!� �
���  5(��
L� 	<� � 7� T X �
���(�
4 1� &���
:(� &�L� �� &� C/<��� .C'��0�� @��((A� 5 � ��(B

� X
� .
(+� 	� � ul2 � C�$�)� �.
)�
2 �
0 � -� � 
�� .�
$�
3&� v. �)�(� i7L �( ���]s[.

=
!> C9% .� 
  c .�P*�2 �
<(2� 1� wX�9!� ��1
2
&� 	�
P)2� c .< �$4��� .�&�1
� � �:>� .�F�� -�

=
!> �
<� ��>&� @.�" X
� �

�� .� �)�(� �1
2��(B .
�(��)�� 1� x  � -I� � -� -L��
� &��
P)� .
)>. 
 �. W
U�.� .�

=
!> 
��1
2&� �
�� T!*
l� 59y 
� �2� h1X 5 ���
�� �<��
 &�7L ^��� 5 �)�� -� �<(2. ���� -�(�� z ��� ��?�� C���%

 < ; #��> ��
{)3� C[
+� -� -L�� 
� 
��;]K[.@
!*
l�
	��)+B=
!> ���� ���(��)�� �1
2 � ��?�� C���% ��
�� �


� &I :(> .
)�
2 
� 
��; W
U�.� ��)�� & 
(9(� 	<� =
!> �U
�2� 	<� h
0�� .=
!> -� W���� aL��� �)�(� .� �1
2

=�$Z� 
� 	<� h
0�� & 
(9(� @
($9% ��(��)�� .� �<(2� �

�F$G a 1�� � C�$�� .
)�
2 ��U�� -� �0�� �|$)�� �


 � 
�� .� � 	� � ul2 -L�� C�
3 � �:>� :(� � 
��; b1�<��
l� �.�� �(��)�� i7L � 
0�B � �:>��2� 	<� -!*
 .-)U*�
� O�{� �.�� <(2� �F$G -�(�� ��:(� =
!> ���� �; .�<q� -

�(��)�� -9 �.�� .� �1
2 5 � -4 �+(� �
+I  
��:*� 

 1
> 	� � -� �(��)�� �.
)�
2 �(
� C(*� -� �)�(� }�y��

&�!  �; &$"� ������(��$ .�� �2� .���.
4 }�� 5(�~9

� � 	<� =
!> �(��)�� :(� 
��; .�<q� � &�
4 	��9 �
�({*
�

=
!> T�(�� z ��� 5((!� .� �� � C���% 1� �2� �1
2]t[.
�

�?� .� 	<� �
0 � �.
)�
2 @��((�A� �	<� �
  \*
l� -� -L��
=
!>	�3 �(��)�� �<(2� �1
2 ���� &�
 1.� .�F�� -� 1
�

�>�B .��3 -!*
l� �.�� �U��. �
� ����% -� 	�
P)2�.

#�!%2� 2 ��� 
���� .
M 5 � .� 	�
P)2� �.�� �(��)�� T��9�&	�3 �<!� 1� �-

�2� �
0�1 �
)2� 1
� .
� -M �; & 
(9(� \(4��XRF �
ICP-AES)�
92Y� z(Z� .� &9�� ��
� &0�2 |(_

& 
q*� (:(*
�; =�<L .� 	<� 5((!� ���2� 	<� -[�.� .
�
P)2� 
� v. �
� 5 � b<�� C(I�� �
�(�
4 ���� ���� 1� 	

x�(XRD) �2� -� ���*� ��
�� -4 <� 5((!� &P(4 .�_ -� 
CI� .� 	<�;����� ��(*
��)+ �4 &$"� �
1
> C�
� �

�2� �(U*; � � �I2�� &%�> �
1
> � �(+$4 ��(��$ .�� .1�
.�Z� -4 & 
0�;C
� ��4�� �?� .� �(��$ .�� ���� &�
4 .� 

�� CD� 	� � -� &*; �
�*�I*��
� =�I($B 5$(A° o/�o W
+U��
&� TZP" .� �(�9�d .
(+� �
��
�1
� 1� &)�
U�� � <�
 )VV� (

&� �
0 � RI � ���� ���� .� .� ���� 
��B 5(�~9 � <�M
 �
��KVV&� j%
� ����()�
2 TL.� .�Z� -4 ���C
� &�
4 
��</o

A�V�)�� & 
2
�� .�F�� -� ���� 	���> �-��9� 
|(_ � <� 	��� .��3 
��B � =�I($B 5$(�� �(?
� �Z� �(��)��

XRD�>�B .��3 &2.�� �.�� 
��; ..� 	<�; �2� -� T0()�
 C'������ &�
4 ��L� &��� -� -M �2� 	<� -[�.� 

&� <( 
� �. �(��$ .�� <�M]o[.

	2�"$1
� 	�3 �(��)�� & 
(9(� \(4��.
&�1� <".� & 
(9(� \(4�� 

�J/tn SiO2

�s/�� Al2O3

s�/VNa2O

K�/VK2O

tn/�CaO 
Ks/�MgO 
Vn/�Fe2O3

�J/VSO3

��/VTiO2

Vt/�K L.O.I 

D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 a

t 2
:0

7 
+

03
30

 o
n 

S
un

da
y 

O
ct

ob
er

 2
5t

h 
20

20

http://ijcm.ir/article-1-646-fa.html


�$l� &�
�
4 �&�
�1�  ���
U3 �t

7.% $	<� & 
2
�� �
1
> � -!*
l� �.�� �(��)�� T��9� RI � ���� ���� ���*� :Cr ��(*
��)+ �4 �M��(��$ .�9)��� �C��(+$4 �Mo8
�� �I2��A�(U*; �.

7.%*X
� -� 5( 
� 1� �RI � ���� ���� ���*� :-��9� �&$"� T��9� �	<� 	��� 
��B T��9��2� -)>�B .��3 =�I($B 5$(�� �(?
� �Z� -4 ��.
M8�(��$ .�9)���.

� �lq� i; 1� 	<� h
0�� �
�� 
�1; T($4 .� & 
(9(� ����
 ^�$� 
�<� 	�
P)2� &
�� 
�1; .1� ���U��. �
�� 
�1; .�

 i
� &�
U� 5G�. T�
�.
4 .� -4 	<� &D�� �
 �2 h
� 5G�.
&� -(�� ��U��. ����<� 	�
P)2� ���.

-� � �>�B .��3 �lq� i; .� �+�� �(��)�� h
� T��9�
 RS2 �< ;.� �($!� @.�" -� 
� <� 	�1 #�� �%
2 c  @<�

 c*� 1��VV 	<(��.7B <� c�� �.=
!> @
($9% �<(2� �1
2
=�$Z� 
� -��9� v
9� 
� �.�� �F$G 
� �c .�P*�2 <(2� �


<� h
0�� ��F� .<�
L -� a 
� �U+� -4 W�$�� 5 �)V/W ( �;
�V @<� -� ���� J��</ �
�� .� �%
2 C°�V<� 	�:9 

i; 
� 	<�
� &3
� i�2. � O
" 	<� ��2 W�$�� RS2 �
��� ��)+� �lq�<� 	.5((!� ���� 	<�; �2� -� =�$Z�

D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 a

t 2
:0

7 
+

03
30

 o
n 

S
un

da
y 

O
ct

ob
er

 2
5t

h 
20

20

http://ijcm.ir/article-1-646-fa.html


�1
2 =
!> �?� .� 1
� 	�3 �(��)�� �.
)�
2 @��((A� &2.��... ١٧

��. -� 	<�
� &3
� �"
�%ICP-AES<� :(*
�; .v. �
�
��<� c�� 1� R� 	<� & ��<(2� @��((A� 5((!� ����

 T$(2� -� �; &�
4 \(4�� .� 	<�; ��L� -� &*
9)/�XRD 
�>�B .��3 -!*
l� �.��.��.�; �2� -� .�F�� -� � 
�� .�

�� ���� -�(�� z ���-��9� ��U��. �
� -( .� 	<� =
!> �

 
 �2 	<� &D�� h
� 5G�. ��U��. -� .� 	<� 	�
P)2� ��.

 aL��]�V[<�)>�B .��3 � 
�1; �.�� �.��U��. �
�� 
�1; .�
 =�<L .� 	<� �
  z ��� 
� �.
��. 	
�)2� 1��<� 	�
P)2� .

��:(� -� ��U��. <� ��> h
0�� ����nns/V1� c  � 1� h�B 
-��9�	��9 -� <(2� @�
P)� �
�)F$G .� 	<� =
!> �
ss/�

RS2 � �<� 	�
P)2� 	<�� ��U��. h
� 5G�. h�B�
�(q($!� 
<�<� � X
� &>
" 7G
4 1� 	�
P)2� 
� � c�� C"
/ .-��9�-

� �_ 1� ���U��. ��:(� �0�2 5((!� ���� 	<� ��U��. �

<�<� :(*
�; &[�� .�� &0�2 |(_ .��. .� C"
/ @��((A�

 &[�� .�� ]�2 |(_ 1� 	�
P)2� 
� 5G�.)��sVshimadzu (�.
�
�L�� =�_ nms�s �nmsot )
� H�� =�_ �� 5 �

&$"�-$3 5 ��<�.�� &����9 5G�. &)��2 &�7L �
 (
.��<� &2 .� 1 T*�
!� 1� 	�
P)2� 
� ��U��. <".� ]�[.� -M 

CI�K-��9� ��U��. @.<3 &� 	<
�� 	<� =
!> �
 ����
<� -U2
Z�.

Td X
� T*�
!� .� =�.�U% }�90� )nms�s +nm sot (
� 	<� =
!> �(��)�� T��9� 
� -U��� c  -4 &�G�. ������.�� �

	<� C9%.
Ts = G�. �.�U% }�90� �<(2� �(��)�� 
� -U��� c  -4 &�

��� 	<� C9% �.�� �.�<�
)2�.
T0 =  �; ��. -4 	<� &D�� h
� 5G�. �.�U% }�90�

��� 	<�� h
0�� ��U��. @
($9%.
	<�; �2� -� �
�*�$Z� & 
(9(� :(*
�; ] 
)� 1� 	�
P)2� 
�

=
!> 1� <(2� ��B
��B �
�)F$G .� �(��)�� T��9� �1
2
 x .�P*�2��K��o��d ��"
�% ���� =
��� Fe �Mg �Al �

Ca �Na � �K.� �"
�% 5 � 	<�
�
L -� �
<(+M� <".� �
-��9�=�<L .� -M � <� -U2
Z� 	<� =
!> �
J	<� -[�.� 
�2� .- X \ ��� }�90� �U+� v
2� �� -M &�L� �� �


 �
<(+M� � �
q�Fe �Mg � �Al-��9� .� 	<� =
!> �

�90� -� �U+� -U2
Z� h
� T��9� .� 
<(+M� 5 � � �
q� }

C'� .� �<�J&� 	<
�� ���.

	2�"*&�
U� 5G�. ��U��. .� 	<� =
9%� z ���.
-�(�� z ��� -q(3� .� .�� h
9/ �
�� �
�1 
��<% .�<q� tV�V)min(�K

7.%9- X \ ��� <".� @�
P)� �
�)F$G .� &�L� �� �
�<(2� .

D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 a

t 2
:0

7 
+

03
30

 o
n 

S
un

da
y 

O
ct

ob
er

 2
5t

h 
20

20

http://ijcm.ir/article-1-646-fa.html


�$l� &�
�
4 �&�
�1�  ���
U3 �n

 

	2�"9-��9� .� ��L�� �
<(+4� <".�	<� =
!> � h
� �
.
�F$G <(2� 

)	<� .
0���(
h
� T��9���JsKo

<(+4� }�� <(+4� <".� 

Fe2O3Vn/��t/Vnn/VnJ/Vn�/Vn�/VoK/V

MgO Ks/��t/�o�/�ts/�tJ/�t�/�Kt/�

Al2O3s/�� nn/�VsK/�Vt�/�tK/�tV/�JK/�

CaO nt/�Kt/�tV/�t�/�tJ/�tK/�o�/�

Na2Os�/VJV/VJV/VJV/VJV/VJV/V��/V

K2OK�/VsV/VsV/VsV/VsV/VsV/VsV/V

����� 2 :;� 
=�<L .� -'�
�dJ&� 	<
�� <(+4� <" .� ���� �


 �
� .
0��� .� -(*�� �
4 1� R� #(+$4 � �#(2
)� �# <2
 �<(2� ��X
�<�
� ��
? 
U �q� 6 �!� �_
� -� ���� � 7�

 -� ��)94 
)U+� @.<3 
� ��d -4 �2
<(+4� 5 � �
���(�
4
 ��!� .� �� � �
���(�
4 1� �)�
2; <�)+ C{)� -IU�

&� .��3 �<(2� T$9/<��(B ]s[.-4 �2� �.�;�
  -� h1X
&� C/ #(+$4 1� �)�
2; #(2
)� � # <2 �
���(�
4 X�9!�-

�<��� =�<L .� 	<� -[�.� ] 
)� &*���. -(y�> 5 � OY� 
&� �
�� <��)-� �U+� #(2
)� � # <2 �)94 H���

#(+$4 .(&� }�y�� 5 � &%�> �
1
> .��/ 1� &�
� <����
 :(*
�; v
2� �� � �I+� � �(U*;XRD �(��)�� -��9� .� 

<�
� .� 5 ���
��(� �(U*; &%�> 1
> -� ��L�� # <2 �)�
 #(2
)� &)/�. -� -4 <�)+ -)+��� &%�> � �I+� C/&9�-

<���]n[.�5; &�!  &�L� �� T X �"
�% �.�� .�
 - X 5 � \ ��� \L�� 
��; H��� -4 h� :(�� � �h�(�(��*;

&�6 �!� �
���(�
4 
� @�
P)� �.
)>. ����&� �
�� � 7�-
<�� .=�<L b<�; �2� -� ] 
)� ��
���-� �"
�% 5 � .�<q� �

�F$G 
� <(+4� @.�"J�. &�
4 -� �. <��. <(2� =
��� 
&� �
�� b��<Z� .� �<�J�K
U �q� �; .�<q� <(2� =
��� 

�F$G .� � 	<�
� ��
? ��X
� �
)o=
��� (.� &4<�� �
4
&� 	<
�� 
��; .�<q����.

- X \ ��� ��:(� a3�� .� .�<q� -� &�L� �� �

1� 
���(�
4 5 � H��� � �.�� &�)+� �(��$ .�� ���� TIU� 

-IU� 
� &�L� �� T X �
���(�
4 <��(� -I� � -� -L��
�
 1� �<(2� T$9/ C�
q� .� ��)�(� ���
q� ��2� �) �3 &�
4

&� �
�� ��� � �:>� 
� -4 �2� C(*� 5(9 -� � �<��
 &�L� �� T X &L��� �
���(�
4 ��:(� �<(2� �F$G

&� � �:>�<�
  . �� &2.�� �.�� ��
 1 @
!*
l� .� }�y�� 5
�2� -)>�B .��3 <( 
�]t��[.��:(� -4 �2� �.�;�
  -� h1X

=
!> �?� .� &�L� �� T X \ ��� -�(�� .� �<(2� �1
2
 -4 �2� C(*� 5(9 -� � �2� @�
P)� &)(��)�� � �.��

&� �(��)�� � ���� -�(�� z ��� �.�� -�
B�<L .�_ -� �+ 
�
���(B .��3 -!*
l ..� 	<� �
0 � @��((A� T!*
l� .�F�� -�

=
!> �?� .� �(��)�� .
)�
2 RI � ���� ���� �
��*� ��1
2
-��9� &2.�� �.�� c .�P*�2 <(2� 
� 	<� =
!> � h
� �


<�)>�B.��3 .CI� .� H
)�s	<� -[�.� <�� .&� 	<
�� -'�
�d-
=
!> 1� &�
� @��((A� �)�(� ����1
2 O7/ �C�
� �<(2� 

-$3-$3 �<� �
g ��(+$4 1
> -� -)+��� �
 1
> -� �

 1
> &)��2 T$3 @<� .� &U+� �
4 � 
�� .� � RS �

 TZP" -� �(��$ .�� ����)VV� (&���� .�(+$4 1
> a3�� .�
&� C/ &)/�. -� �<(2� z(Z� .���� .RS � 1
> C(I��

 � �(��)�� .� #(+$4 ��L� �$% -� :(� <(2� 1� 	�
P)2�
=
!> .� c .�P*�2�1
2 .� �:>� 
� -4 �2� �.�;�
  -� h1X

 CI� -M -~�; ��
�� <(2� �F$Gs&� �
�� 1
> .�<q� -� �<�
&� 	��:>� RS ���� .	<� -[�.� ] 
)� -� -L��
� }�y�� 5 �

 =�<L .��&U+� � �:>� b<�� �
�� -4 :(� CaO .� 
( 
� �2� �<(2� �X
� �F$G&� <��� .

�(��$ .�� ���� &�
4 &)��2 T$3 @<� �
4 � 
�� .�
 &�L� �� T X \ ��� 1� &�
� :(� <(2� �F$G � �:>� 
�
 �((A� wX�"� �(��$ .�� ���� .
)�
2 <�d � ��2�

�2� 	��I� ��(�9�d .h
0�� @
!*
l� .� 	< <� 5 � -)U*�
�2� 	<� 	<
�� :(� �� � 	<� ]K[.

&�
 1.� ����=
!> &� .� �.
)�
2 @��((A� 5 � �1
2
 i�$l� &Zl2 ^��� �F� 1� -�(�� z ��� & 
2
�� � �<(2�

-��9� ��U��. �
� ����% -� 	<� =
!> �(��)�� ���.
4 .� �

 .��3 � 
�1; �.�� &4�.�� 5G�. ��U��. <� ��> .� 	<� =
!>

<�)>�B .C'� .� -'�
�dK&� 	<
�� =
!> ���� �1
2
�� �<(2��(��) 	<� 
��; ��U��. �($�
3 � �:>� -� �0�� 


�2� .�F$G .� � �:>� 5 �J&� ��� </ 5 ��X
� -� =
��� -
&9� 	<
�� &2�+Z� �((A� �; 1� R� � �<2. &)/ � ����

&� �F� -� 5(�d<2. �($�
3 �<(2� �X
� �
�)F$G -4
&� �
4 �. ��U��.<� .�F� 1� .
)�
2 5 �)U2
�� 5 ���
�� 

&� 5G�. -�(�� ��U��. �($�
3 -� �0�� -M &Zl2 ^���-
=
!> z ��� .� ���� c .�P*�2 <(2� 
� �1
2J-� =
��� 

&� �2�< ;.

D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 a

t 2
:0

7 
+

03
30

 o
n 

S
un

da
y 

O
ct

ob
er

 2
5t

h 
20

20

http://ijcm.ir/article-1-646-fa.html


�1
2 =
!> �?� .� 1
� 	�3 �(��)�� �.
)�
2 @��((A� &2.��... ١٩

7.%<-��9� 
� 1
� 	�3 �U��)�� h
� T��9� ���*� T+ 
q�	<� =
!> �
 .=
!> ���� -)>. .
4 -� �
�)F$G X
� -� 5( 
� 1� �1
2:� h
� T��9� �
�=
���J�=
��� s�=
��� K�=
��� o�=
��� M��(��$ .�� ���� �C��(+$4 �ZRS �� .

7=%>-��9� .� x .�P*�2 <(2� �F$G �?���U��. @.<3 �� 	<� =
!> �
.

?"��# 
[1] R. E. Grim., “Clay mineralogy”, McGraw-Hill. 
New York, 2nd. Edn  
[2] R. Francisco, R. V., “Studies on the acid 
activation of brazilian smectite  Quim”, Nova, 
2001, 24, 345-353 

[3] Siti, “Ceramic Technology”, Vol.1: Raw 
Materials. Siti Ceramic Rrsearch Center, Italy, 
1994
[4] Javanovic N., Javanovic J., “Pore structure 
and adsorption properties of an acid activated 
bentonite ”, Applied Clay Science, 6, 1991, PP. 
59-68 

D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 a

t 2
:0

7 
+

03
30

 o
n 

S
un

da
y 

O
ct

ob
er

 2
5t

h 
20

20

http://ijcm.ir/article-1-646-fa.html


�$l� &�
�
4 �&�
�1�  ���
U3 �V

[5] E. Gonzalez-Paradas, M. Villafrance-Sanchez 
E., Rey- Bueno F., Valverde-Garsia A., Gracia-
Rodriguez A., “Evolution of surface properties in 
bentonite as afunction of acid and heat 
treatments”, J. Chem. Tech. Biotechnol., 52, 1991, 
PP.211-218. 
[6] Pesequera C., et.al., “Passivation of 
amontmorillonite by the silica created by acid 
activation”, J. Mater. Chem., 2,(9), 1992. PP. 907-
911.

[7] W. E. Worral, "Clays: Their Nature , Origin 
and General Properties". 
[8] W. Ryan., Properties of Ceramic Raw 
Materials, 1978. 
[9] E.Gonzalez-Paradas, M.Villafrance-Sanchez., 
J. Tech. Biotechnol. 1993, 57, 213-216 

]m�[� ��4 �4�� ��(P(4 =�)�4 	
�� 
�1; @
%Y_� 
-��� -!2��
����� &�G�. �.

D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 a

t 2
:0

7 
+

03
30

 o
n 

S
un

da
y 

O
ct

ob
er

 2
5t

h 
20

20

http://ijcm.ir/article-1-646-fa.html

