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

�������� �	
 ���
 �������������������� �� ���	���	� ��� ��� ����� ��!"���#�	� $ �
��% ����	#�& '��(�	��


�
 ��#��
�**!+�	,-# ./ #	��0	*�1/23# !�(�� �*!�1�	4� /����5

���� �! "�#$��� �%&'( )
� * ��+�,- ./�0 "12$��� 
�� * ��3/- "12$��� �%&'( )
� �� �! "�#$��� 

67�./:� ��
$456* ��7 .�8!//'7 0�	  /9*&,/�&'/��16(Na, K)6[Al6Si30O72].20H2O�&:0 �; �/��4<��; 
=>�! �?! ����/"��-  -
�4<5�@ <!�7 /��; �&
�A�� �; =�4<?� �� �B5�C9� /D�EF��7 'G/��
��� 5<+� ; H�; ��+� "1- .��&3�<� ; ��&� +���D,� 0� <

�5J K3L ��,3+ M N �� KG�5  9	�<5O��P �51;0�+<1- "��5J�� ��&* B�&Q �; .'7/9*&,/�&'/>�! �?! �/"��-  �4<'G/��
�; �
�A���4<!�7 B5�C9� /��; �&
�&:0 �; �=/��4<��; 
=�� ���
�&9#,/��BaAl2Si3O10.4H2O�%&!&���4 5 �BaAl2Si6O16.6H2O�

8!//0�	  
�	� .� ��
� 	 .
� - 1,
;�� R S���&� �/�45F7&!� "��C9+� �; 0�<;�� R �5 �1- �� G ; "��5� 	�4<8!//0�	  
�; �9	�
�4���&3�<XRD� 5/5�T! U
 SEM+� ; ��&��1,9	 R �� G .

.9�$ 	�����/�:'7/9*&,/�&'/�V8!//0�	  V� - 
;�� R SV���
�&9#,/�V%&!&���4 .

�#/:# 
�&:0/�45 R �4��&�J 0� /+&,/'/B�2�4<��� " C@ <�7 1,9�4 

�� G ; �&W,� �;<��; �0�&! <5�@ �<!�7 /�&�4<&X! Y;�G 
Z
'G  Q�,( 0�/��
�;'G/��
7�P �"�&; � 5/���&! U�
0� 5 M[L 

\&2�&� ���� �+��4<1���� �� MJ ]�[.'7/9*&,/�&'/�
)�&�J/+&,/'/1+ B�2
+�9* �=/5 =7�'/=���(+ �;/�&'A! =9�

� ]!/Y]�[
2��&:0 0� /��4<A^/X��+�.�
��7 .�1,��� 
�&:0  4/A^ �/X��5� /;�� R �&A(  >� �� ���" C@ 0� �4�4<
_,+�4<�`J 
��5J�`J 5 .<5
�� 0� �
�a��4<M&+� ��&- -

�4<3(/�� b
c�P ���4<'G �&- /��
�  >� �� �
	1! U�d�/,�5

R R� ��&��*/
2$! �L�� ./"��5� 	 5 "1- Y<��+ R� �

�$/- �2
 9
5�e&! ���$C$!J <�4 �'( �; �7 1,9�4 �4

��9P�+ �4�A- �&L5<�/'7 ��/9*&,/�&'/4 5 �/1�H&
�]�[
��"��5� 	 1��&!<8!//4  /1�H&
� - �� �
,N S�+�9* 0� /5 =
+/'/�/1-�; =.�
��7 .����&� "� 34 �; /0�;�- ��
����J ��/�=
��
�&/	 �%&!&���4 ��/'/�h/�'7 ��/��4 ��/��� U!��&7
"1

� 5 "1-��&2�&� \�; N ��&,( �; 1��&!�"1,,7 \��A! �
�&�
#,+ B�U'	 5 �4���; ��40�R M`�L/�'Q�@ 5 ./"1,,7 U<c�P 

0�5�$7 ��<�5� ��7 �; ]i��[.
�&:0 �'3L 0�/��4�
� �7 �8! 0� 1��&!//1A! 5  
�&:0 Y/�-

�4<A^/X��5� /'7 ��/9*&,/�&'/>�! �?! ��/;�� R  ��; �4
7 !/��� �� 5 B5�C9� j<; H�; �J �&L5
�� �1
�&9#,/��

BaAl2Si3O10.4H2O���7 0� �7 "�&; �M&�?� <&��> <�4

 

∗.C'! �\&k�� "1,�
&� :lmmmnomp)qnm( ;�3� �:llrsmlnt)qnm(�2/�5 92�� ��* �:tutti@khayam.ut.ac.ir 

u��3- �=4�0&� \�+i��9��0 ��vw?CQ 0� ���x�!otr

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             1 / 10

http://ijcm.ir/article-1-421-fa.html


�X
1; ��G ; �M�/��7 ��^&^�7 5 �+�,-�&'; �'y� �� 
� �+�,- �� ���

���&- .�-&R��a �MJ =7 S
� - �� ���7 .
� �&'A! =9�/+ 5
9��@ ���; MJ �7 / 9$<�+� �-&#9+�� ����� ]x��[.

��
�&9#,/';�G �/\��A! �
�&�5 ��d !� ��&,( �; 5 �9-�� 
'��(�� ; <CT! �� 5 ��+ MJ �� 7 % � /�<�z
��&� B�X

J 	 �� �0&! *
�41,<0��7�* <�7 �; � "� ; ���&-.
� %&!&���4BaAl2Si6O16.6H2O� 0� �
�&:0  #/��4<

��;
=5 ���
2��&:0 0� /��4<&��> <+ �; /� ]! �&'A! =9�/Y
� M&�?���&- .�
��7 .�	 �; /'/�h/�
\&'?� �9+� ]

2$! �� 1��L/� Y�5�  4 �� 5 1,4�<+ ���J /�&'A! =9�
9� �� �-&#9+��/* �y/�9�� {|/&a���a =�L5��a M��7 �

��!�7 �&}@  >� �� 1��&!/�&�4<~�U; K+5Ba2+�L �� 
"�# -
�4<��9P�+ �2A- �5 ; ���R5� <� ]! �; �1-�; /'�! Y/� Y�-

1;� .�
�&:0 ./� - �� �
�* �W'N 5 ��1;J S/
 9,
��; �&
�� =

" C@�4<_,+ �� �&L&� �4<9��0�; ��&,	 �/9�7� ! �/���4
,R/)� 5 �4/�� U;/�R�  9$�4<;�� R �B�&Q �; j'N� �

�4�&';<�&9+ �$7/�!5� 5 "1�
� 5/�-�A�� B�&Q �; U
(�X-���#a �; ��*/
� ./2$! U/� Y�; 1,��� 5 �&-/ 9$
�&:0/�	�Q ��&,( �; �4�-/3/��
� ��7 �; ��5� .�
��7 .�

4 �; "� 34 j'N�/1�H&
9+� ��/A'/* �U!��&7 ��/ 
��
 9+�&;
�� ��
�&9#,/��; 5 �
� �
� "1��&-]�v��i[.

+� ;��4<��0J 
4�#$��&:0 �; /�; �4/5�  9$<�U	� 
{
���7�
\��A! 
�&�� 5 ���J /+� ; U�8! ��2�� //B�&Q ���J 0�	  

�+� �9	 R .F��]�x[8! //'7 0�	  /9*&,/�&'/����J �; �/�� =
� -
'G S/��
H�; �W'N 5<
1+ �&
5 =
U9,+ ���
�&9#,/��

��$	 ���7/��� 5 ��;&'<�v���v�L�� <9��+ /�; �� #
- 0� "��C9+�/�$�4<�&�J /+&,/'/!�2���; 
=5 ���
}X; �� ��0�

+� ;��4<U9,+ <2$! �/+ \d 0� %&!&���4 Y/'/!�2���
�&9?�<�*/
��; .
1+ �; �A�� =
+�L&	 �; "� 34 �=/B�&Q �

�+� �9	 R]�����[.
�; %0H
�5J��<� �7 �+� 
+� ; 0� �9-� .�1�5�  ; �,; �4

+� ;  ; =7�@��4<; y! �5�  ; <�&:0 /�O�$� B1� �� �4
" 9�R 5<��� �
\&'?� �&}@ �� 5 ��P �4<5�@ <!�7 /�&
��0J ��&�
� B�&Q {�R/� .� ��
$456* ��7 .�>�! / 
�&

��;
�A�� �; =�4<5� B5�C9� <'7/9*&,/�&'/2$! �� ��/Y
�&:0/��4<��; 
="��- �&}@ �� ����<'G/��
5�@ <
1+ �&
=

��� �� 5�
+� ; ��&� H�; ��+� �9	 R �� G .� 0� e14
.
+� ; �{456*�8!//�&:0 0�	  /�5� �/�40�	 U9,+ ��2�� 5 �<

&��>
� - �� �
'G M�� R S/��
��� 5<� ; �7 "�&; H�; <

9+�/;��'7 �J �; /9*&,/�&'/9��7>�! �?! /\&'?�  �4<
5�@<!�7 /�&Ba2+�� G ; �&W,� �; �� �9-�� �� G <� - 
S

'G M�� R/��
��0J �� 
'G \&'?� B�5�y� �� �"�#$/��

4/�75�1/1+ 1
�=� �� �7
� - ��y
D��;PH ��L �� H�; 

�&:0 \F?��/�5� �/� �� G ��+�  >&� ��4�/=.
� ��
+� ; .��a  4 �P�,- �&W,� �; �J 	  9�; 
1,
��+ R��;�� R �A^ �� /[* B�&Q ��X
B�&Q �� �7 ��9	 
0�+0�;<� - 
2$! S/��7 Y��4<�&'A! 
?� �� ��9	�/S�4<

A^/X���8! ��L �� �� ���J �&'A! 1�5� ��&!//�W'N  
!�7/�&�4<;�� R �� �&L&� �* �4/; {/,�� 7 .� 5/� U���&!

+� ; �;�� ?Q �
�&:0 /��4<D,� ��<��� 5  W� ��&� 
��<
��&3� �; ���J�4<U9,+ <��0J 14�&- 0� "��C9+� �; 5 �
4�#$��

�4���&3�<�&:0 0�	 /��4<2$! /Y
��D,� �� �9	�<��&� 
+� ;�" 9�R �� �� �4<��� �
+� ; �'9�� �&#�� 5 �"� 7 <
2$!/+ ! �� ���J Y/" 9�R 5 =<�*
��1<�&:0 /��4<
"1- ��
X! ��//.� 7 )<$/=*(.

+��� @$��
"���<�5� /�)'7/9*&,/�&'/�(��D,� 0�<K3L ��,3+  9	� 
�5J<O��P �51; 5 "1- 0�+<�� G "��C9+� ��&� 5 "1-��&* �

�+� �9	 R.+� ;��4<� ��$� ��D,� �� "1- %�y�� ��7 14�
�
�&:0 ./�8! 0� �4//e&!  �4<�
�&/9�+�� 5/9��� 5 .+&:� 

?�/�! S 
'G �A/��
"1�J �&L5 �; 1��]��[.
� ��
� - {456* .
��&� M�� R S�/�45F7&!� �; 0�<

;�� R��+�,- 5 "1- �� G ; �
�40�	 <+� ; ��&� ��� * �; 
� &! *
)2(XRD)0 �7 - �P�+� 
! �; ),3/5 )� �&

	/�  9'/� �; U�y� Y2
8! =R� 	�//[*  
� - �� 5  
Siv7/&'
5 ��5�v�/'��	 R B�&Q � h�J .�&�+5 �/�  
5�T!

��&3� ��5 9���� �4/&* ��5 9��� �&�+5 �/� �; U
$�(SEM) 
\1� Vega Tescan� - �� 5
S�x7/�/�! ��5 &' "1- 
�+�.&#�� <� &! * 
0�NJ ��&3� )2
+� ; ��&� .�)Y2-�(

H�; 1Q�� �7 ��� ��$��
'7 �� �J 0� /9*&,/�&'/2$! �/"��� Y
���� 5
 A�J/���&� 5 �/�; ��/a�� ��/�+� U.���&3� ��
��

-&h34 �&L5 �'( �; "1-��'G �4<A�J/� 5 �/�'G U�4<
���&�/�; �
12
�'G �; 5  #�4<'7/9*&,/�&'/�3� 0� ��
�'G {-

�4<5� ���J <=$a ���&3� -&*��+� "1- .
&T! ��
 SEM0�NJ ��&3� 
+� ; ��&� .�)Y2-�(����&!

 �&';'7/9*&,/�&'/���&� ��,7 �� �� �/��4<�9-� �<�
1.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             2 / 10

http://ijcm.ir/article-1-421-fa.html


1'L��"��3- �i���9��0 ���v ��� =
��; <�4 �/�&:0 �; �/�&'/9*&,/'7 �X/A^ �/�&:0 0�	  //8!. . .���

<$/=*��&3� �
�/3/- j/7 ! <�/�5� (Primary)�5� �XRF.
P2O5MnOTiO2MgOK2ONa2OCaOFe2O3Al2O3SiO2Sample 
wt% wt% wt% wt% wt%wt% wt%wt% wt% wt% 
vv�/vvv�/v��v/vx�/vvx/���/v�x/�i�/vx�/�� ��/��Primary

A6%B��&3� )2
� &! * �� * <&#�� �/�5� <.
)Clin :( ��/�&'/9*&,/'7)Mor :( 5 �/���&�)Ab :(�+� �/A�J.

A6%C��&3� ��5 92�� �&2+5 2/�  
&T! �/�5� <.)Clin :( ��/�&'/9*&,/'7)Mor :(�/���&�.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             3 / 10

http://ijcm.ir/article-1-421-fa.html


�X
1; ��G ; �M�/��7 ��^&^�7 5 �+�,-�&'; �'y� �� 
� �+�,- �� ���

� ��
$456* ��7 .���&3� �5�/�<>�! �?! �� /'G \&'?�  /��

NaOH)�3$a ��&,( �;<
1+ �&
=(5BaCl2.2H2O)�;

�3$a ��&,(<
��; �&
=(��� �� �<�;�> �xv�L�� <
9��+/B1� �; ��� #����� �� G �(�+ 
=.1;
�7 B�&Q .

����x'7 % R/9*&,/�&'/�; �� ��v�/'��/ 9NaOH �; 
�; 5 �&'�� O�$� �W'N B1��vG�/�U34 �; ��

^�,8�/��)3001 K�(Heidolph MR �;rpm �vv �; 
� =4 Y��7�&^��0
=.�'@ � ��<1X; �v�/'��/\&'?� 0�  9 
BaCl2.2H2O)�W'N �;�4< W� ��&� (�'@ � �&'�� �;<

B1� �; 5 �	�z� YAG�vG�/^�,8� �U34 �; ��/��"�0 =4 
1- . W� ��&� �&'�� �; )h+�v�/'��/�	�z�  D�� MJ  9

�&'C! 5F7&!� �; �� �&'�� 5 "� 7��5J �� 5 Y�9,� ���� �; <
˚C�xv B1� �; �
��� �� G "1- ��
=.��&� ���0 �-[R 0� )*

 5 e�Q �� �J YP�� ��&� 5 "� 7 ���P �5J 0� �� 5F7&!� � W�
&$9�- 0� )*<	�Q [N�7 �� �"� 7 M&+� ��&� �MJ �; 

� � D��
�&� .��� �� �� �<� 7 ]$P ��!� 
=.
�
��7 .
8! �; ��A2//!�7 �W'N  /��; �&
�;�> �W'N 5 =
1+
� ��; 5 �=
��; �W'N .9-�� �#� �;�> �;  #
8! 5 =//B� 

1+ �W'N
+� ; ��&� =���� �� G 
=.

+��� $ D3��
8! �; 0�NJ ��//!�7 ��W'N  /��; �&
H�; 5 �;�> �W'N �� =<


1+ �&
� B�&Q =�[*
� .Y2- ����4���&3� <&! * �� * 

�
��&3� )2<�5� /��&3� 5 ��4<U9,+ <�;
1#
���  #
��
"1-1��.
�
�4���&3� .<��� 
���<"1,4� ��$� �<�&}@ 
%1( �

��7 �&}@�� B��A( �; 5 �4
P ; \F?�� 5 e[@  #�5 �
2$!/P ; Y��
�+���J 0�  # .�4���&3� ��<� &! * 
)2
��&3��4<U9,+ <!�7 �W'N  W� ��&� /1+ �&
��; 5 �;�> =
=

�+� B5�C9�.
<� ;��&3� Y/2$! S
� - <�� G ; <U9,+ <)S1a(��&� �

"1� /R ; �� �7 0�/���&3� <�
�/��7 �(&3y� ./�5� 0� \5� <
��1�� .
 9$/; �� =
1+ �&/!�7 �W'N ��+�)x/��H&� (��

�� =
��; �W'N 5 �9	 R  W�xH&� �� �=
 /R .Y/2$! ��
��&3� <U9,+ <)S2a) (�
�/��7 %5� < + 0� ��&3� ./�5�(�

�9	 R  W� �� �;�> �� =
1+ �W'N)x/��H&� (.
 937 5
�� �W'N)�x/��H&� (=/9	 R  W� �� =
��; <� ; .�14�&-  ; �,;

��&3� Y/2$! �� <U9,+ <)S1a(��&3� ���3! ���&� �/�5� <
"1- Y@ ��+� ; �^ "1- �� G ; �;�� R S
� - �� 5
�&/!�7 �,
U#
�L"��- �� �&L&� <�4=
��; �9/�&:0 �<�4 ���

 Y/2$! �/���&+5�1/4 "� 34 �;  937 )/'/+ �; ��/�&9#,
���
"1-1�� .<U9,+ ��&3� �� �2/��@ ��)S2a(\F?�� .3z

 �&/!�7 �W'N  937  
���� �&}@ �'( �; ��/�&'/9*&,/'7
 5 �=
��;M�� R �� =
1+ �&
  9$/; �A�� �&}@ �� ��4

 "� 34 �b/G� �D/?� �� � 937 =
��; ��1�� �; �9/�&:0 �%&!&���4
1- Y/2$! �/+�L&	 �;.

A6%E��4���&3� <� &�! * �� �* 
���&3� )�2<�5� �/�)O(���&3� �<U9,�+ <)S1a(���&3� 5 �<U9,�+ <)S2a(��4���&3� �� �< �W� ��&�� ).C: (
'7/9*&,/�&'/��)Mor : (���&�/��)Ab : (A�J/��)E: (��
�&9#,/��)H: (�%&!&���4)F: (+�L&	/��)A: (����J/5 =)H.S : (4/���&+5�1/�.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             4 / 10

http://ijcm.ir/article-1-421-fa.html


1'L��"��3- �i���9��0 ���v ��� =
��; <�4 �/�&:0 �; �/�&'/9*&,/'7 �X/A^ �/�&:0 0�	  //8!. . .���

��&3� ���4<U9,+ <"1- <
����J �"1- ��/5 =
4/���&+5�1/� �/� U
��7  #��4<1+
=U9,+ ���<�� �&L&� 

?�/2$! �� S/� Y�1,4� .Y2-i&T! �
 SEM��&3� <
U9,+<)S1a(Y2- 5x&T! 
 SEMU9,+ ��&3� <)S2a(�� ��
� -
;�� R S�� ��$� �1,4�.

��; �W'N �C@ �; %5� %�R ��
 !H�; �� =
��1�� .)x/�
�H&�(8! �//!� �1+ �W'N �� 
��� %�y�� =
=.Y2- ����

�4���&3�<���J /� &! * U
��&3� )2<�5� /��&3� 5 ��4<U9,+ <
8!//�  W� ��&� B� 
� "1�1�&-.

��&3� U/� 1,
� 	 .
� �� <U9,+ <)S1b("1� /R ; �� �<
�W'N ��+� �
�/��7 �(&3y� ./�5� 0� %5� <U9,+ ��&3�

 ��1�� .
 9$/; �� =
��; �&/!�7)x/��H&� (5 �9	 R  W� ��
 �� =
1+ �&
 �W'N�x/��� �H&� =
 /R .��&3� Y/2$! �� <

<U9,+)S2b(��&3� ./�5� ���
�/��7 %5� < + 0� <U9,+ <
�9	 R �;�> �� =
��; �W'N)x/��H&� (�W'N 5x<� ; �� �H&� 

=/9	 R  W� �� =
1+ .��&3� Y/2$! �� �14�&-  ; �,;<U9,+ <
)S1b(��&3� ��;�� R S
� - �� 5 "1- Y@ �;&P �; ��/�5� <

! B�&Q �; �/�&9#,
�� �"1- �� G ;�; E�A
 � �; "� 34 Y2-
�� Y/2$! �/���&+5�1/4 U/� 5 �/�&'/9*&,/'7 0� �
�
��;�&- .

�� �� S
� - .
� �7=
1+ �
�/'G \&'?� ./
�* �W'N �; ��&! -
�� �� \F?�� B�1G ��U/� �7 ���� �A�� ���14�7 .�2/��@ ��

��&3� ��<U9,+ <)S2b(�� �/�&'/9*&,/'7 \F?�� �; ���U34 �
�&}@ �A�� �; �W'N U/� 5 =
��; �&/!�7 <H�; 5 �;�>  
���� 

�;�� R �� =
1+ �&
 <H�; �/+�L&	 �; "� 34 %&!&���4 ��4
�� Y/2$!�&-.

A6%F��&3� <U9,+ <)S1a :(�4�&';<��
�&9#,/4 �; "� 34 ��/���&+5�1/� �
� "1�1�&- .)EDI : (��
�&9#,/5 �)SOD :(4/�&+5�1��/�.

A6%G��&3�<U9,+ <)S2a :( ! ! ��; �+�� �; �a 0� �/ jA:��; ��; "� �34 %&!&����4 �
��
'7 0� /9*&,/�&' �/ ��B:��4�&';<�����J /��; "� �34 =
4/���&+5�1/��C:+�L&	/4 5 �/���&+5�1/� �
� "1�1�&�- ) .clin :('7/9*&,/�&' �/ �)Har :( �%&!&����4)An :( �����J/�=)Fau :( �+�L&	/5 �
)SOD :(4/���&+5�1/�.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             5 / 10

http://ijcm.ir/article-1-421-fa.html


�X
1; ��G ; �M�/��7 ��^&^�7 5 �+�,-�&'; �'y� �� 
� �+�,- �� ��v

 

A6%H�4���&3� <� &! * �� * 
��&3� )2<�5� /�)O(���&3� �<U9,�+ <)S1b(���&3� 5 �<U9,�+ <%5� )S2b(��4���&3� �� �<� �W� ��&�� )C: (
'7/9*&,/�&'/��)Mor : (���&�/��)Ab : (A�J/��)E: (��
�&9#,/��)H: (�%&!&���4)F:(+�L&	/��)A: (����J/5 =)H.S : (4/���&+5�1/�.

� ��
����J ��&3� ./4 5 =/���&+5�1/� ��/� 0� U
��7  #�-
�4<1+
=U9,+ ���<?� �� �&L&� /1,9�4 S.� �7���&!

2$!/� �&L5  >� �� �� ���J Y/H�; E�9A�� ��U<
1+ �&
�� =
$,7�5 \&'?��L&! /� 7 �.2$! %1( �'(/�&:0 Y/�

��
�&9#,/�'( �� ����� �&}@ =N� 
H�;  <!�7 /��; �&
� �=�-
\��X! ���&P =4  ; �� ��&!
2�� - 0� 
?�  ; =7�@ S/S

� 	
�DP  >� �� �1,<��0J Y:�+5 
4�#$�; "��C9+� ��&� /��
� 5 �� 7���$	 ���� 1��&!
�
2��
� - 0�  #
?� S/D�1-�; .

Y2-�&T!
 SEM��&3� <U9,+ <)S1b(Y2- 5 ��&T! 
 
SEMU9,+ ��&3� <)S2b(� - �� ��
;�� R S�� ��$� �1,4�.

- {,7�5/3/��
0
� EH�39@�  ��5�  ; =7�@ 1��&!/ + .<
��7��4<2$! /1-�; "1- Y:

16(Na,K)6[Al6Si30O72].20H2O + NaOH + 
BaCl2.2H2O + 4NaAlSi3O8 + )�(
(Na2K2Ca)4[Al8Si40O96].28H2O
BaAl2Si3O10.4H2O + 7Na6[AlSiO4]6.8H2O
+4Na16(Al16Si32O96).16H2O + 359SiO2 + 112K++
4Ca+2  + 2Cl- + 2Na+ + 226H2O + OH- + Na+

� 5/- {,7�5 U/3/��
0
�  /� U�� - �� 1��&!
 ; =7�@ S
��7 %5� �(&3y�/��
�; �� G ; "1- U9,+ 1-:

)�(18(Na,K)6[Al6Si30O72].20H2O + NaOH + 
BaCl2.2H2O + 6NaAlSi3O8 +
(Na2K2Ca)4[Al8Si40O96].28H2O
BaAl2Si6O16.6H2O + Na20[Al60Si132O384].235H2O

+3Na16(Al16Si32O96).16H2O + 2Na6[AlSiO4]6.8H2O
+352SiO2 + 116K++ 4Ca+2 + 2Na+ + 2Cl- + 40Na+

+85H2O + OH- + Na+

2$! ��/�5� Y/��7 �(&3y� ./��
#�&#a 5�8!//B� 
��9P�+<!�7 �� �9+� Y?� 5/� ��J ��9P�+ �� �&��CR ��&!

��� �� �7<'G \&'?� �&}@ 5 H�; /��
4/�75�1/1+ 1
�=
+ ��9P�+/'/!�2�'7/9*&,/�&'/^ ����\F? SiO2=4 �;

�
�U	� �;  y,� 5 �9�
�A�� {Al/Si� �� �7 1- 
���@ .
�U	�
� {/��U Al+3 92�� \��X! %1( jL&�
2���9P�+ �� 

!�7 �1- ��0J �; ���U34 5 "1-/�&��4 �L ��2�� �7
U#
,�

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             6 / 10

http://ijcm.ir/article-1-421-fa.html


1'L��"��3- �i���9��0 ���v ��� =
��; <�4 �/�&:0 �; �/�&'/9*&,/'7 �X/A^ �/�&:0 0�	  //8!. . .���

!�7/�&�4<+  ; "1- �	�z� /@ �� =9�/2$! ./�4��9P�+ Y<
1L
�� G ; 5 1<� - 
;�� R S�� W� ��&)���<8! 5 H�; //B� 

!�7 �W'N/�&�4(� �&L5 �;����5JBa+2?� �� �&L&� /�� S
��,7 Al+3 92�� �50 B�&Q �;
2�� �� G �R/� 5 � ���&!
�CRBa+2$��L Y��7 �&^ �; /.K+��X-  W� 0� �7 
�&��;
�J ��� Y;�G
"1- ��+� �� ��9P�+ 0� Y��7 �&^ �; �� �J 5

� ���P��0�+ .��� ��
�
��; �&
\���7 �� =�4<��9P�+<

(001).�* � !
+ \���7 ./-&#9+�� =9���9+�� �� <�&?� 
C� �� G ��R/� .
�&�4<��; 
� ��  �9�� =
\���7 .�; �4�=!� 

�7�/5 �6i� �^�@� MJ \&2�&� �1�&- ]��[.2$! �;/Y
��
�&9#,/; {4�7 5 �/+  9$/'/?� )/S� 5/U	� �;�U
{
�/��U +Na?� �� �&L&�/�� �; S/�&}@ Y'N \&'?�/�

NaOH��7 ���4<1+
=+ =7 5 ���/'/)����J  !/5 =
4/���&+5�1/2$! �/� Y�1�&-.

A6%I��&3� "1- U9,+ <<)S1b(�+� �9	 R�� G �/�&9#,
�� ��,7 �� �7 �/���&+5�1/4 �
�/��7 < + ./�5� �; �9�;�5.

A6%J��&3� "1- U9,+ <<)S2b(1�&- �� "1
� �/�&'/9*&,/'7 0� �
�
��; 5 %&!&���4 �; "� 34 �/���&+5�1/4 %5� �
�/��7 < + 0�.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             7 / 10

http://ijcm.ir/article-1-421-fa.html


�X
1; ��G ; �M�/��7 ��^&^�7 5 �+�,-�&'; �'y� �� 
� �+�,- �� ���

��@ ��/�(&3y� �� �2<��7 /��
\F?�� �; �%5� 
'7/9*&,/�&'/+ {4�7 5 �/'/?� )/��� �� �S<?� 5 H�; /S
'G/��
W'N �&}@ �� 5��4<��; =7 
8! �; �=//�A��  K/Ba 

8! 5//�4 9����*  <�&'+ 1@�5 �X;�! ��&,( �; �0�Si/Al �
2$! %&!&���4/� Y��&- .1;
! ! ./�7 jBa �; �7 i\&2�&� 

5 MJ��7� /��9P�+ �6<\���7 �5�� �� �"1- �^�@� 
��9P�+<0�&� <a�� G ��'@ \���7 5 �9	 R�4<��!�
�;

?� B�0�&� �&C� �&'A9� %&!&���4 5 "� 7 �51�� �� ��&- 
]�v.[

�; %0H
�5J��<+�L&	 �7 �+� /� �/�%&!&���4 �; "� 34 U
� - ��
;�� R S�+� ; ��&� �2$! �/� Y��&- .34 ��/.

� -
����J S/��� �� 5 =
4 �/���&+5�1/� �/0� H&3X� �7 U
"��5� 	�4<A��L �{,7�5 �4<U9,+ <2$! �+� /� Y�1�&- .

1; 5
! ! ./� ���J j��H&� �� 1,��&!
�9�4<�*/
��;  9,
�; 5 =
�W'N �1��� �;�>
1+ �&
?� �� =/D�H�; �A�� �; <

H2O⁄Al2O31�&- U9,+ %&!&���4 �; "� 34 �.
� ��
� 	 .
'Q� e14 ��41,�8!//� -  
 ; =7�@ M�� R S

2$!/�&:0 Y/�5� �/�)'7/9*&,/�&'/�(� 5
� - ��y
;�� R S�
�40�	 �J �� �7 �+�<�&:0 /9�1L
1<�� 1,��� 
�&9#,/5 �

\��X! %&!&���4
"��5� 	 �1,;��4<��; 
=���<?� �� �7 /S�4<
�0/.+�,-��/B�&Q �; U�4<C'9�� �2$! /� Y�1�&- .
2�

� - 0�
2$! S/��+ R� ���J Y��+� M�� R .1;
! ! ./�7 j
?� ��/S�4<A^/X� R�  >� �� ��+�" C@ �� �[	�,� 5 �4
_,+�4�
>�! �?! �7 /;�� R  �� �� G �4�R/�1� 
�R� �� �-

�4<2$! M�� R /� Y�1�&- .
2�e14 0� �4<� �� �� 
.
� {456*/�� G ; U<34/� - .
;�� R S���0J �� 
X! �"�#$//.

8!//� - B� 
��� S�
7 ! 5/A�"��- <0�+0�; 5  W� ��&� <
?� �� �J/S�4<A^/X��+� .� ��
� 	 .
�; �L&! �; ��41,

�
^ �2,��� G ; <� - 
'G S/��
+ � W� ��&� /'/�� �&L&� )
'7 ��9P�+/9*&,/�&'/� 0�NJ �� \F?�� ����A�� 5 1,7Si/Al 
� {4�7�
� - �� E�3'�� �1;�
1L S
!H&T?� �1����� �; 
 
+  937/'/2$! )/� Y�1�&- .!�&Q ���+ �7 /=7�@ =9�  ; 

��0J
+ �1-�; 0�; {/\F?�� )'
?� 0� ���9P�+ 0� �9	�/S
��0J
� ���P {��&- .N ��/�  
� �; �B�&Q .
!�7  #/�&�4<

?� �� �&L&�/��0J S
{)� ��
1+ �y,
=(5 "��� {,7�5
A��L BH&T?��� �&L5 �; �� U9,+ ���5J .� B��A( �;
 #

��@ �7 �CR ��&!/+ \F?�� ./'/9P�+ 0� )�&:0 ��/�5� �/��
&��> ��9P�+
��<�&:0 1,��� /��4<��; 
=+ =7 �7 ���/'/)0�  !

'7/9*&,/�&'/�&}@ �� �1,9�4 �
��; �&
2$! =/� Y�5 1�&-
G�; ��9�� ��/"1��3<+/'/�&:0 ��9P�+ 0� "1- Y@ )/�5� �/��
�&}@ ��Na�4��9P�+ �<U9,+ <C�/ >�� 5 1<1,��� 

+�L&	/&�J �7 �� ��/+&,/'/4 B�2/!��1�1+
=���<�;
� M&a��a
��+�,-�Y32� �;�$� �4<U9,+ <X5Y5 "�&; 

��!�7 5 M`�L/9��+� ; �� �7 �+� ��4<; y! �5
��0J
4�#$�\&'?� 0� �� �J �4<5�@ <!�7 /�&�4<'G/��
5
'G/��
7�P �H�; �A�� �; <H2O⁄Al2O3; ���&L5 "��5J1�� 
]�� [2$!/5 "��� Y
4 �/���&+5�1/�&:0 ��/9���9P�+ �; 

AX2��U9,+ <���&+ /A^ �/X�]��["��� ��<�5 7&9	 /�]
�5 75�&��7/�14 5 ]
 + "1,,7 �
K
�&�]�i��� [�J �� �7

\&2�&��4<�L MJ 
U#
�J ./�9; " C@ U7 � �� �&)ß cage (
 "1-]�x���[� 5 ����@ �� �� �J ��&!/1* �2
"1<��U;J �


	� jA+�U
"0�1�� {<
�9P�<
�2"1- �J ]��[B�&Q �; 
�40�	<4/�75�1����&+ /4 5 �/���&+5�1/4 5 �/�75�1�
���&+/� 7 U9,+ �;J5� �]�� [��5J �&L&; �.

�%���� 
+� ; �&W,� �;�e14 �4<��0J �9+� 5� � W� ��&� 
� ; {<

X!//�W'N .�4<2$!  ; =7�@ /�&:0 Y/��4<��; 
=���
��
&9#,�/%&!&���4 5 �) 4
�W'N �; ]�4<��P (�� G ;
���&- .� ��
� 	 .
@ �41,/+ \F?�� ./'/� =4 �; �)
.9�

 �A��Si/Al)� {4�7
�A�� .(8! 5//�&:0 0�	  /!�7 ��/�&�
��; 1,���
�L �� =
+�9* "�#/� KG�5 =��&- .� - �; �L&! �; 5
S

9@ 5 ��� ��W'N���9P�+ ���$	 <� - �� �7 
"1- �� G ; S
�*
� 5 �+� ��1�-&#9+�� 1��&!�� ; MJ * ���@ �� <
��
�&9#,/5 �
�-�A�� ��4<(�X- ���#a �; Y2-��*/
�� .

2$! �1-�; %&!&���4 ��&�/� Y��&-.
�* ��
� ���!�&Q �� �CR ��&!���+ R� �7 �;�� R ��

J 	
?�  ; =7�@ 1,/�0 S/.+�,-�2$! 5 1-�; /�&:0 Y/�0� �4 
 ^
��+ R� b�[* B�&Q 
�(&3y� �&}@ �� �4<��7 /��


 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             8 / 10

http://ijcm.ir/article-1-421-fa.html


1'L��"��3- �i���9��0 ���v ��� =
��; <�4 �/�&:0 �; �/�&'/9*&,/'7 �X/A^ �/�&:0 0�	  //8!. . .���

�&'A!
�9$�� �� �9	��4<��5J�`J <9� �� �/�y<8!//0�	  
�&:0/�5� �/'7 �/9*&,/�&'/�&:0 �; �/��4<��; 
=1+ 5 ���
=���

>�! �?! � W� ��&�/;�� R  ��+�4 .� �;
! ! ./"��- �7 j�4<
,N�!�7 0� /�&�4<2+Ba5+Na 5�/�J U/�&OH-" C@ 0� �5 �4

_,+ [	�,��4<��5J�`J <��+ R�  >� �� 5 "� 7 �[R ��;  y,� 
8!//7 !  /- j/3/��
�&:0 /��4<A^/X��'7/9*&,/�&'/�

_,+ �� �&L&��4<
� - �?! 5 1-�; "1- ��
��� S�
5
'G/��
2$! jL&� �j+�,� /"��5� 	 Y�4�
 !H�; �A�� �; 

Al/Si+ 5/'/37 )"1- � 91��.

K=��# 
[1] Pingping Sun, Alexandra Navrotsky, "Enthalpy 
of formation and dehydration of alkaline earth 
cation exchanged zeolite beta", Microporous and 
Mesoporous Materials,doi:10.1016/j , (2007)1-9. 
[2] Cited in : David L. Bish, Douglas W. Ming, 
"Natural Zeolites : Occurrence, Properties, 
Applications", Reviews In Mineralogy and 
Geochemistry ,45, (2001).  
[3] Breck D.W., "Zeolite Molecular Sieves: 
Structure Chemistry and Use", Wiley, 
Interscience., New York , 771 (1974) .
[4] Barrer R. M., "Hydrothermal Chemistry of 
Zeolite" , Academic press : London  (1982). 
[5] Taylor W.H., Jackson W.W, "The structure of 
edingtonite'' . Z kristallogr, (1933),V:86,P:53-54.  
[6] Galli E, "Crystal structure refinement of 
edingtonite", Acta Crystallogr, (1976) B32:1623-
1627.
[7] Smith J.V., "Enumeration of 4- connected 3- 
dimentional nets and classification framework 
silicates : combination of 4-1 chain and 2D nets", 
Z Kristallogr, (1983) V:165,P:191-198. 
[8] Belitsky I .A., Gabuda S. P., Joswig  W., Fuess 
H., "Study of the structure and dynamics of water 
in zeolite edingtonite at low temperature by 
neutron diffraction and NMR-spectroscopy", N 
Jahrb Mineral Mh (1986), p:541-551. 
[9] Mazzi F, Galli E, Gottardi G., "Crystal 
structure refinement of two tetragonal 
edingtonite", N Jahrb Mineral Mh (1984) p:372-
382.
[10] Rinaldi R., Pluth J.J., Smith J.V., "Zeolites of
phillipsite family,Refinement of the crystal 

structures of phillipsite and harmotome", Acta 
Crystallogr (1974) B30:2426-2433. 
[11] Passaglia E, Bertoldi G., "Harmotome from 
Selva di Trissino (Vicenza,Italy)", Period Mineral, 
(1983),52:75-82. 
[12] Rabert C., "Barian phillipsite and strontian 
chabazite from the Plateau des Coirons , Ardéche , 
France", Bull Minéral ,(1988),111:207-223. 
[13] Hansen S., "Harmotome from Odarslov, 
Skaane, Sweden", Geol. Foeren, Stockholm Foerh, 
(1990),112:140. 
[14] Armbruster T., Wenger M., Kohler T., 
"Mischkristalle von Klinoptilolith-Heulandit und 
Harmotome-phillipsit aus dem basalt von 
Weitendorf, Steiermark", Mitt Abt Mineral 
Landesmus. Joanneum (1991) 59:13-18. 

]�x[^&^�e.{�� P �%.1; �
X��.�.G ; ��%.�.�"8!// 
'7 0�	/9*&,/�&'/A^ �/X�����J �; /���&'?� �&}@ �� =<

'G/��
"+ 1'L ��� �! "�#$��� %&'( �'y� ��"��3- �%&+5 �
)���� (����ix.

[16] Ghobarkar H., Schäf O., "Hydrothermal 
synthesis and morphology of Thomsonite and 
Edingtonite", Akademic ,Crystal Research and 
Technology, 32 (1997) 653-657. 
[17] Perrotta A.J., "A low temperature synthesis of 
a harmotome-type zeolite", American 
Mineralogist, 61 (1976) 495-496. 

]��[��R�0�;�R/�F�c.��;� ��%.�.�"��7�+�,- �B�T�$� 
-/3/��
&2!5 
,��&9,; /��4 ��$� �! <.+&:� � 9	� ��D,�

��,3+ M N"+�,-�&'; �'y� ����75 �+�,- ��
\�+ ��� 
"��3- �=4�0�5��)���� (��������.

[19] Kvick Ǻ, Smith J.V, "Neutron diffraction 
study of the zeolite edingtonite", J Chem Phys 
,(1983),79:2356-2362. 
[20] Stuckenschmidt E, Fuess H, Kvick Ǻ,
"nvestigation of the structure of harmotome by X-
ray(293K,100K)and neutron diffraction (15K)",
Eur J Mineral (1990) 2:861-874. 
[21] William S.Wise., "New occurrence of 
faujasite in southeastern California", American 
Mineralogist, 67 , (1982),794-798. 
[22] Gualtieri F.A., Aprea P., "The structure of K-
hydrosodalite", Microporous and mesoporous 
materials,96, n.1-3 , (2006), 276-286. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             9 / 10

http://ijcm.ir/article-1-421-fa.html


�X
1; ��G ; �M�/��7 ��^&^�7 5 �+�,-�&'; �'y� �� 
� �+�,- �� ��i

[23] Ozin G.A., Kuperman A ., Stein A., Angew,. 
Chem. Int. Ed. Engl., 101 (1989) 373.  
[24] Sasnauskas V., Palubinskaité D., "The 
synthesis of hydrosodalite and its use in mortar 
technology", Materials Science-Poland , 23, No. 
3(2005).
[25] Kendrick E., Dann S., "Synthesis, properties 
and structure of ion exchanged hydrosodalite",
Solid State Chemistry, 177,Issue 4-5 (2004) 1513-
1519.
[26] Bolwijn P.T ., Schipper D.J., Van Doorn C.Z., 
Appl. Phys, 42 (1972) 132. 

[27] Weller T.M., "Where zeolites and oxides 
merge: semi-condensed tetrahedral frameworks",
Chemical Society, Dalton Transactions ,doi: 
10.1039/b003800h (2000). 
[28] Shishakova T.N., Dubinin M.M., "Changes in 
the Structure of Synthetic Hydrosodalite during 
Dehydration" , Seriya Khimicheskaya, 11 (1966)
2020-2022.  
[29] Moloy C.E., Liu Q., Navrotsky A., 
"Formation and hydration enthalpies of the 
hydrosodalite family of materials" , Microporous 
and mesoporous materials, 88 (2006) 283-292. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

http://ijcm.ir/article-1-421-fa.html
http://www.tcpdf.org

