
Arc
hive

 of
 S

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

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

�*12 ��32*$�	+� �42 �

���� �� !��"�#$ �%&'( �)*+�,� -�.�/&'0 � -�.��" ��1+�,� 

���"�:���&2� �, 34 �0 ���&���5 5��  �6� �
�4� 78 �� �
 '.", 9�)� �0 � :�����; �����<� ������!� � �4��,)! =�4 >�	�� =�4
'?���
��@#� =�A�5 ��B&'0 C*$ �" �0 �-, 
, D $ �-,)4,� E�3$ �>� 8 �", �)$ C�*+5 ��&� � =, .G"&.� �
��3�$ H�B 5

���&���5 �
��3�$ H�B 5 �0 >� 8 �� ���&���5� �3'( I0�#� ��  1
� =�4�", >
�<� J'.� .�K��Si/Al ���&���5 �� 
��@#�=G"&.� �&L �0 >� 8 MN/M�", .��&3� H'O, �� :���, .", -,<�� �0 � ��&0 P�0 >� 8 ���&���5 =�4QR/S)8,� �� :5, 

�� ��&� 	)"� .-&�5�B :��'B � :
)"�*K$, 	 =�4 G"&.�  
���� H�5 5 �0 �B )#.�4 ���B �
, �� �'T, =,UV/R�WM/N-�+� ,� 
��)#4� .H�B 5 ���" !� �, ��
� E�3.8, �0 :��'B  X#(�4=Y; �,  .+�0 �:
)"  X#( � �
&��Z ���'B E[\�, �
 � �#��� � �&$ =�4

�/�
�� �
��'? =,�.�0,�-� �0 G�\� �0 
��.�=��,)!�", �)$ ���]5 �4 .�� ���
�^ =��� �� >� 8 ���&���5� .�!=RW±MWW 
�`��=�", �)$ C�*+5 �, 1�.��" .

�6��$��4� $�%:��,)! a���� 5�� a���&���5 a���&2�>� 8 =�4.

&��'� 
���&���5<` �4b���&2� �, �4� ! �.$� =�4 ��&3( %�� �0 =,

)#.�4 ���� 5�� .�� ! �
,  1
� =�c(,�, )#5��K( ����� 5�� 
� �
����&! ����&���5 �����&*", �����<� ���&.1#
�,]M[.

���&���5 �4 6� �,9��75 � =��.d�" =�4��<e�'�" �K�� 
f��+5 C0�? �� ! �
, =�c(,  1
� �, %&�#��&�; �0,)�.E&� 	

�)
, �
��3�$ ���B �
, E;Ca8Na4[Al20Si20O80].24H2O
�",�� ��-; �, �,)�� �B �`Si �Na �,  .+�0 �3B -; �� 

�'B � �", �)$ )�? -,<����,� <�� = .3B :���0 �",  .�0 
9�&TCa7Na5[Al19Si21O80].24H2O�&$ -��0 ]S[.

���&2� �0 ��K$ ���&2� �
, g
,)�^�.$� =�4 � ��&0  1
� =,
�)##B  ^ 9�&T �0 H'O,= 78 ��4h#" ���d =�4�c	 �=�4
h#" 9�)� �0 � �
�i;�� � �-&! !� =�4<9�&T �0 ����, 	=

�� ! ���" !�h#" �0 �", �)$ j�,<! ���+7+5; =�4]S[.
�K� �� I?,� )#3'4 ��+�� 	 �0 O ��$�8 ��=�? $ 

�-,)4,� C�!kW-,)4,� E�3$ = .�&'�B =�."�� ��,&8 �� �
>� 8-�
 ` ���,)! =�4�.�
� -� �0 =, )�,]V[-; �" �B �4

:�"�.^ j�� �0l�h#" CB =, 0 -&!�; R±SUE�" -&�'�� 
)� .�!=�"&��&1��, �#" (�", �)$ ���m5]R[.��,)! �
, -

��&! -�0<�� �4���B �, J'.�� =�4 �, �.��&2� � �
&��Z =�4
���&���5 �'3`)#.�4 �4 .�!n
� g4�n^ �
, �����B =�4 -

� �
��3�$ H�B 5 ��"�#$1�&1/��" C�*+5 C*$J'.�� 
���&���5 �, o\0 ��&� >� 8 ��@#� �� �)$ �)4�+� =�4 �

�� �, ? �"� 0 �!�).���&2� �
��3�$ H�B 5 � p&� �
�"�#$ -
�&`&� =�4 � �3�$&2q �"� 0 ���@#�  4 �� 1�&1/�C�*+5 

-;�� �4�"� 0 =, 0 =)�7� 9�([L, )�,&5 �6� =)m0 =�4

∗�7'5 �E&r�� �)#�
&� :WQMSUkWkVRW��*��� .*�, ��^ :Ozra_alafar@yahoo.com 

E�"���0 �
*:s��3$ ���-�.�0�5 ��t\7T �, ���� �5 ���

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

=)38, � 	[( -, 
, �"�#$ ���B � �"�#$�&'0 �'u� ���

 <.#" G
, $ ���&
 E��K5 � Yv` 9�)? �=��.d�" w,&d
� �0 -�*�, p&3u� �� � �(&#X�Y&'@� =)#� ,� �,&� �
, �,  5

���; :4, 	.

&��	����7 8�� � $����7�
�"� 0 �0 �
)#/ ���@#� �5��)�� �
�"�#$ � �
, \T =�4

  ���, 0=��&3� � g
�3�^ �, =�,� 0���&2� -�0<�� h#" � �4
-;Y��.�, �4��, g�0 UW�."� ��&3� , 0=�"� 0 x�?� =�4  5

 C�.#� ��1+
���; �0)�)$-; ��0 �, ���)8 �4RM��&3� , 0=
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�)��"� 9�KZ, �0 ���&���5�", .C*$V&5 ^ j, ^ =&1�, 
e*
,�.�0,�� 78 �0 =:�����; ��	 �� �, �)$ C�*+5 �.��&2� 
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)A��()B(

)A��()B( 0.3 mm0.8 mm
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� -; �� �B )$�0 ����<� �K�k/MSi/Al = �", ]Q[.0� .+
 �0 %&�#��&�; � e�'�" p&3u� �0 e�'�" �K��(TSi =

Si/(Si + Al)) ���B �
, �� kV/W:
)" �,)�� ��1���� �k/R
:��'B � ��&� 	 )8,� �� :5,�/N�)$ j�,<! �3'( I0�#� �� �

�",]Q[.�&L �0 � �",  �A.� ���B �
, �
��3�$ H�B 5
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�.� =�
��3�$ MW�, ��&3� 
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� ��1."� �)�=��� .*�, 
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 >� 8 ��@#�MN/M�", .p,&�, �� �", �*3� �K�� �
,
��5 �0 ���&�C*$)$�0  �A.� �J'.�� =�&'0 =�4]MW�Q[.�0

�,)�� �'B �&LTSi���&���5 �� ��@#� =�4=��&� "� 0��,
kM/W�5kk/W��)8 �� -; ��1���� �,)�� � �",  �A.� �kR/W

�", .-&�5�B :��'B � :
)"�*K$, 	 =�4 �
, �� �'T, =,

)#.�4 ���B .�#�,�=��  X#( �� �
,  ��A5 ���&���5 =�4
��@#�=�>� 8 WU/R�5UV/k� :
)" =, 0 Mk/k�5MM/U

�", �)$ �K"�\� :��'B =, 0 .H'O, �� :���, .", �,)��
��&3��68[� C0�? -,<�� �0 ��@#� �
, =�4 �� � �"P�0 =,

��&3� ��&�=Z26 �0 QR/S��&� 	 )8,� �� :5, )MS/Q∼SrO 
���� )T�� (�", �)�"� <�� .0�)��( �=�d 0 -, 1+4�n^ �, 

]MM[���`, �B �", =&\� �0 ���&���5 ��.d�" =9, ��A5 
�� .�!���&2� �0 �K�� �
��3�$  5�.$� =�4  �6�  1
� =,

�� ,� ����&*", �
 � �����<� ����� 5��)4� .�0 ��", �
,  0
��  6� �� �&`&� :���, .", -&�5�B )"����$=���&2� ���"
C��� �0 ��,� ��#5 ����&���5 ��.d�" 9��7.� � w�d G
, $ 
��1
�`�*K$, 	 =�4�", �)$ ���B �
, �� =, .�� �
, �.K�,-

g
, ! C��� �0 )�,&51.�K34�-,�, 	  X#( �0 :���, .",  5
)$�0 :��'B]MS[.���&2� H�B 5 �� H'O, :���, .", �
, 0�#0-
:��'B =�4�", �)$ ��,� ���&���5  �6� �,� ]MS[.C*$ ��

k�" �,�&3� �-&�5�B I
�&5 �
�5�*K$, 	 =�4 =,Sr –Ca –
Na + K + Ba + Mg���&���5 �� ��@#� =�4=>� 8 

�", �)$ ��,� -�+� .�0=, 0 �)$ �K"�\� E&� 	 �G"&.� �&L
���&���5  
� 9�&T �0 >� 8 ��@#� =�4�",:

[Ca6.008Na4.731Sr1.208K0.066Ba0.035Mg0.023][Al18.453Si21.

292O80].nH2O

Thomsonite 

Analcime
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/��D>��B<
� �
<u5 z
�.�$����&���5 ��� .*�, ��@#� =�4=>� 8 .-&�5�B ��&� 	 )8,� �� :5, 9�&T �0 �4(apfu) ��",  0 ��W-n��B, 
�)$ �K"�\�)�, .

��&3� ���3$ Zk ZMlN ZMV ZMV ZSk ZSk ZMR ZSN ZSN ZSN 

�@�� ���3$ 
=�&'0 C*$ 

M
�B&'0 

V
��&� 

S
��&� 

R
��&� 

S
�B&'0 

R
�B&'0 

S
�B&'0 

M
�B&'0 

S
�A�5=,

V
�A�5=,

SiO2(wt%) M�/VQ QW/RM VU/RW SU/RM k�/V� QW/VU VU/VQ V�/VN RV/VU NN/VN 
Al2O3 MR/S� �k/SU RS/S� Uk/SU RQ/SQ QW/S� RS/S� �R/SQ UW/SQ M�/SQ 
Fe2O3 WW/W WW/W WW/W WW/W SV/W WW/W WW/W WW/W MV/W SM/W
MgO MW/W W�/W WW/W WW/W WW/W WW/W MU/W WW/W WW/W WW/W
Na2O VW/R kR/k Wk/k WS/k VN/R QN/V RN/R �S/V �V/V QS/V
K2O MU/W MS/W W�/W W�/W Wk/W MQ/W WN/W MU/W Wk/W MW/W
CaO WU/MS V�/MW VQ/Q WQ/MW RQ/Q UW/� �U/MM VR/Q UR/Q UR/�
MnO WW/W WW/W WW/W WW/W MU/W WW/W WW/W WW/W WW/W SS/W
BaO WW/W SR/W VR/W WW/W VS/W MS/W SU/W WW/W WW/W kW/W
SrO WW/W WW/W SW/k WW/W VN/N �k/U WW/W kk/� RR/U MS/Q

Total QN/�V MM/�N �k/�� SM/�R Wk/�Q NS/�U NS/�R MW/�� VS/�� Nk/�� 

Si  (apfu) kk/SM VR/SS Nk/SM RM/SS �N/SW QR/SW kM/SM MU/SW kM/SW VN/SW 
Al SR/M� kW/MU QU/MU UN/MU �W/M� �S/M� VW/M� kW/MQ M�/MQ MW/MQ 
Fe WW/W WW/W WW/W WW/W WQ/W WW/W WW/W WW/W Wk/W WQ/W
Mg W�/W WN/W WW/W WW/W WW/W WW/W MR/W WW/W WW/W WW/W
Na k�/R UV/k Sk/k SQ/k kU/R SR/R US/R MM/R WU/R SS/R
K MS/W W�/W Wk/W WN/W WV/W MV/W WR/W MS/W WV/W WU/W
Ca MM/U QV/k RW/k �U/k kW/k Mk/k Qk/N kk/k US/k SW/k
Mn WW/W MM/W WW/W WW/W W�/W WW/W WW/W WW/W WW/W MW/W
Ba WW/W Wk/W WU/W WW/W WU/W WV/W WN/W WW/W WW/W MM/W
Sr WW/W WW/W NS/M WW/W QQ/M kS/S WW/W Uk/S VN/S QR/S

E%* RU/Rl SM/Sl UN/Ul QU/V Sk/Rl Uk/Rl QU/Vl Vk/Nl MW/kl N�/Ul
Si/Al M�/M S�/M SM/M SN/M MM/M MM/M M�/M WV/M WU/M WU/M
TSi** kR/W kN/W kk/W kN/W kV/W kV/W kR/W kM/W kS/W kS/W

* = [(Al + Fe3+)-(Na + K)-2.(Mg + Ca + Sr + Ba)]/[(Na + K)+2.(Mg + Ca + Sr + Ba)].100 
** = Si/(Si + Al) 

 

!"
E�" �,�&3� �
�5(Na + K + Ba + Mg) – Ca – Sr �.�0,����&���5 �0 -&�5�B I
�&5 �B >� 8 ��@#� =�4�*K$, 	 =�4 C0�? � =,
���&2� �
, �� ����K��� -�+� ,� �4)4�.
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=)38, � 	[( -, 
, �"�#$ ���B � �"�#$�&'0 �'u� ���

F% ����7 G���47 !"
 � ����	�
 ���� G�7 ��H�7
�������)��+ $�% 
�)��( �0=�d 0 -, 1+4�n^ �, ]MW�Q[C0�? �1.�K34 �

-; �
��3�$ H�B 5 � ���&���5 �
�&'0 C*$ ��0 ��`&5
��,� �&`� .�" ��", �
,  0C*$ ���&���5 �,)d� �, J'.�� 

�", �)$ j�,<! -; )$� �( " � e�'�" =,&.\� �,  Z].� .
Ml=�4�&+#� )#'0 � �(�m$ B&'0�C*$(Blocky crystals) �
Sl�."� �4�&'0 �, �(�m$ =�4�.$� =�A�5 C*$ �0 =, � =,

 ��^(Bladed crystals) �Vl���� 7", � =�&1�, �$&d =�4
��&� C*$(Botryoidal & waxy growths) . �K��Si/Al 

=�4�&'0 ��B&'0��0 >
�<� ���&���5 M�A�5 =�4�&'0 �� �=,
�, C*$Wk/M�5MV/M�", �)$ j�,<! ]Q[.C*$�0 �B %&" 

=�&1�, �$&d 9�&T>4 ! ���&� =�4�
� �)�)�&$ �, 
�K�� � �)$ C�*+5 >/&B ����0 =�4�&'0Si/Al-; �� �4

S/M�5V/M�", ]Q[.�H�5 5 �
, �0C*$�#O =�&1�, �$&d -
�, ���&���5 �
 5 6� =�4�&'0 � �", e�'�" =,&.\� 

�( " �� � e�'�"  .+�0 �6'O �0 �@�\� �� -; >/&B =�4
 )$�  5P�0 B��)�, =�4�&'0 �B ���8 �� B&'0��A�5 �-,<�� �=,

 :B ����0 �( " �0 � %,�; �@�\� �� � )��,� = .3B e�'�" 

)$� B��)�,]Q[.
��@#� ��=C*$ >� 8 �"  4 = �! C*$B&'0��A�5 �-

���&���5 ��&� � =,�,��0 C*$ �0��4=�)4�+� J'.�� 
�", �)$)C*$N.(��
���=�K�� Si/Al �� C*$=�4

���&���5 J'.����@#� =�4=�K�� �0 >� 8 j�,<! =�4
 G"&5 �)$]Q[�", �`&5 H��` .��#/ E�)` �� �*M�)4�+� 

����&3� =, 0 �K�� �
, �&$��&� =�4 �,)�� C*$S�/M�
SM/M� �SN/M�0 �B �", � .�!=G"&5 �)$ )�? ]Q[��0

� .�!=��0 S/M�5V/M��,&�34���,� .�K��Si/Al ��&� �� 
���&���5 �, ��&3� ���A�5 =�4 ��@#� �
, =,WU/M�0 �B �", 

� .�!=�)$ j�,<! )Wk/M�5MV/M(:4��,� ��,&d���
���&���5 =�4B&'0�j�, 0�� -�+� ��&� �
, �� = .3B -

)#4� .�K�� [��Si/Al���&���5 =, 0 �0 =�4 �.�5 C*$
1#"��,)�� �M��&� 	 )8,� �� :5, �", �)$ j�,<!]Q[�� �

�5�&T��&3� �� �B��@#� =�4=�, �K�� �
, >� 8 WV/M�5
M�/M�",  �A.� .��  6� �0 �
, �� e�'�" =,&.\� �B )"�

C*$�*'0 ��&K� =�&'0 C*$  �Z]5 �\5 ��#5 ���&���5 �, 
 1
� G
, $ �", �*3�=H�B 5 �� y)�, 9, ��A5  �6� 

�
��3�$���$ �pH " � ��� �)#$�0 ��&0  Z�� <�� )$� �(.

!"
IJ�, (�0 ���&���5C*$ 9��")'	 ��#B �� �B&'0 (XPL) .Y(�0 ���&���5C*$�A�5 ���� 5�� ��#B �� =,(XPL) .{(�0 ���&���5
C*$��&� <
� =�4�&'0 C*$(XPL):4 �� ���� 5�� �0 =)$� .

)B(

)J(

)A��(
0.8 mm

0.3 mm

0.9 mm
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)'` ������3$ ��-�.�0�5���� ���B�� ���&���5 p&� ���&2� C�*+5 �&\� � �
��3�$ H�B 5 ��"�#$. . .���

���&���5 ����@#� =�4=�� >� 8 *$C�A�5 � �B&'0 -
)��,� = .+�0 ��,�, 	 =, .�� �
,C*$-�
�3� -�&0  5 ��	  !

���&2� E&'\� �@�\� �� ���&���5 �
, )$� � e�'�" �, ��"
 �( " :B � %,�;)#.�4 .E,)1��; �d 0 �� <�� �4C*$�4=
��&� � �.��� 7",����#B �� ��#5 �� �)4�+� � 78 =�4 )�&$

)C*$U(P�0 ��K� �B �e�'�" =,&.\� -�&0  5���$=��,� 
 78 �
, �0 �)$��4���&2� �( " � ����� �)0 �� -;  5P�0 �
,�

E,)1��; �0 �K�� �� 78 �0�",  1
� �.��&���5 =�4 .��,)�,=
�0 � �4�&'0 �
, >/&B-; ��.d�" �� �36� �4��+���,)$� 

�
, E��m.��� � I
 "C*$.� �� �B �", ���&���5 �, �u�=
�#�+��` �	��X5 =�4SiO4=�` �0 AlO4��1
�` �� =�4
�`���/�� �� �)4� .�#�+��` �
, H�B 5 �B �)$ o(�0 �4

���&���5 �
��3�$��&� =�4 �
��3�$ H�B 5 �0 C*$
�&$ >
�<� ����<�]Q[.

����7������������� !�"# 
���&2��&3m� �, �4��
 5����, 	�4=g#B,� 3�$ =�4 ��0 �
��
���$�4h#" �0 �."&^ =�4=��0�� ! =�4)#
, 	 �L ���� 

)#.�4 ��� :B ��&! !� � <�q�
� .���B �� H'O, �.��&2� =�4
 ��
�^ =�4���)�,  .3BSkW�`�� =�, 1�.��" (��
�^ ��+	 �

)�,  .3BSWWE�*"�^�1� (G�\� �� � ��
 Y; �, p�K$, =�4
 �, �#O���$�� C�*+5 )�&$]MV[.���$�4=G�\� �� �&`&� -

=,�,� ���&2� C�*+5 =�4pH�
��'? �5 ��#d )MWlUpH~ (

 )#.�4]MR[.-&�5�B � �%&�#��&�; �e�'�" ���� ��&�  
���� -
�B�d �
��'? � �
��'? =�4, 0=���&2�  .+�0 C�*+5 �40� .+ 

�+�$ E[\�, �,�� � ���+7+5; =�4<� �4���")'	 ���" !� 
)�2&5��")'	 �4�
�+��)� �!]MV[.�� ���&���5 C�*+5

 78��4=h#" ��@#� =�4=� e�'�"  0 ��[( �>� 8 
-&
 �&c8 )#����� %&�#��&�;�", :
)" � :��'B =�4 .

��1."�d �� :
)"���$=���&2� ��
� E�3.8, �0 ��" �,���$ -
�4='? � �&$ �
�����/�
-� �0 G�\� =,��,)! =<
� =�4

� -�0<�����&2 �", �)$ ���]5 .�`&5 )
�0 <�� �.*� �
, �0
 %�&� �� ��'7� �&c8 �B �$,�]} 	 ��.d�"�[h#" �d 0 -

��@#� :��" =�4]N[�)#4� -�+� �=��4�� '?���
� �4�3!��
E&'\� -�&0 �#Oh#" =�4 :
)" �, ��"�", .���B �
, 0�#0

�� ��'7� )�,&5��1."�d = 1
� , 0=:
)" -&
 ���]5 �0
)
; Y��8 .-,��*34 � �&4&r�]Mk[���1."�d �� :��'B 

���&2�:��'B =�4���B ,� )#'�
, D $ �� �&`&� �,� =�4
�#��� �� �&`&�=�� [K? �B �.��'B � ��[B&
q[^ �h#" 

��*$�� -,&#( ��", �)$ C�*+5 �4)##B .�0 �`&5 �0"� 0�-
�4=���B  *�� IL��� =�� �.	 ! 9�&T �.d�#$ �^&*"�

��@#� �� ���&2� =��8=-)$ ��,� -�*�, �>� 8 Ca2+�, 
�� �&`&� �
&��Z ���'B E[\�, �
 � �#��� 9�K�B 5 � �+�$

��*$ ��4, 0==&? � 	 ����&���5 C�*+5 �", = 5 .

!"
L 
&X5 BSE �, ���K��=���B �.��&2� =�4 .�.�4���&2� >/&B =�4-�&" � ,�5 �(�m$ =�4���#B �� ���&��� � 78 =�4)M(��@#� �5
 <B � �� f��d �.��� 5��)S.(f�+� ���" h�� �0 ���d =�4�c	�)$)�,.

٢

١

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

=)38, � 	[( -, 
, �"�#$ ���B � �"�#$�&'0 �'u� ���

 �'B �&L �01�&1/��� ���&���5 �'3` �, ���&2� C�*+5 
E,)1��;��@#� =�4=��&� "� 0��� ,� -,&5#/����}&5

��&! >
 �0 �K�� E&'\� �.?� �B �,�=���&2� w�d  0, 
�� p�K$,�.�4 ��&$ =�4�&'0 � �)$ �&'K.� =����0 =�4

���#B �� ��,�, 	 >/&B�4 78 ��4�� C*$)� �!]MN[.)$�
C*$ ��.��&2� >/&B =�4�&'0 I
 "�4=���" =�&'0 ��,� =,

�.�4 =��
� �,)m5 �, �B �0 H'O, � �)$ C�*+5 �.��&2� =�4
�� )$� �.
�)�� C*$B)##]Q[. ��A5 H�B 5 �� >/&B

 �e�'�" �,)�� w&Xd �0 E&'\� �
��3�$pH� ��
!n��4=
�7@� o(�0 ��
��3�$&2q��)�4���B �, 9��7.� =)#0 =�4

�� �.��&2��&$ .�B 8  Z,  0 �", �*3�  ��A5 �
,���$ �� 
Y&"��4�+�$ =,<`, �0 g#B, � �-&
 ���� �
 � =, =�4

 �0 J'.�� ���$�&$ ��u
, .5 5 �
)0 9, ��A5 )4�$ H�
 H�B 5 �� �y)�, )#/ 4 ��
��3�$���$=���&2� � ��" �0

E�K�� �� ��,&.� 9�&T �0 J'.�� ���&2� p&� )#/ )$� -; 
�&0 :�4,&d � 78 >
]MU[.C*$U-� .*�, �, CT�8  
&X5 -
�.+! 0 �
&��Z =�4(BSE) �.��&2� � 78 >
 �, �.�0,� �0 

��@#�=�� -�+� ,� >� 8 )4� .���#B �� � 78 �
, =�4

 �
��3�$&2q��)�4 G
, $���$=���&2� ��", 0=���B C�*+5 
G
, $ -; �, e^ � ����&���5, 0=���� 5�� �,)
�^ ��	 C�*+5 

� �$�� =�4�&'0 )$� )4�$ �B =�&L �0 �", ��&0 :4, 	
 H'O, <B � �� ���� 5�� ���&2� �, �)�+B*�,��0��4=�.��&2� 

��@#�=>� 8 :�.�4 .�� <�� ���  0 �,v! �Z]5 C�,&( �, )�,&5
 �� �)$ C�*+5 �.��&2� ���B p&�*�,��0��4)$�0 .p&�  4

�#�,� �� �X�+� ���&2�=�� C�*+5 �T&X�� �
��� �&$ .
C*$ ���]M�[�#�,� �=��� =�,)
�^ , 0=���&2� C�*+5 

�", �)$ f�+� ���&���5 .�
��3�$ H�B 5 ��!  4 ���$
�Z ��)$ C�*+5 ���&2� p&� �)��30 �?�0 �0 Z, �� ��� 9, ��A5 

�� E .#B �&$]MQ[.���&2��� C�*+5 ���1#4 G�	 �4 )�&$
��,)! =��� �B�#�,� �0 -)$ � " E�8 �� =�4==��� 

-; �, >
  4 =�,)
�^)" 0 �4 .�<�� ��,)! -)$ � " �( "
���&2� C�*+5 �� :�� C�,&( �, �*
�"�4 ."  !, � " �( 

��&! �0 ��,)! -)$��P&L -��� =, 0 ��,)! �B )$�0 =, 5��
�#�,�=�#��0 �
��� , 0=���&2� �
, C�*+5 �)��30 �?�0 �
,�

-�*�, ���B �",  
v^]SW�SM[.

!"
M���B =, 0 ��� =�,)
�^ �#�,�h#" �� �)$ �.d�#$ �.��&2� =�4 ���+7+5; =�4]M�[.�#�,�==�,)
�^ �� �)$ �
�"�#$ ���&2� �� 
��@#�=>� 8 )����<� � ���&���5 (Gd 9�&T �0 C*$ �� <���", �)$ f�+� ��/ .
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)'` ������3$ ��-�.�0�5���� ���B�� ���&���5 p&� ���&2� C�*+5 �&\� � �
��3�$ H�B 5 ��"�#$. . .���

�
���7 
"� 0��4=�
<u5 � e*
, &5 ^ j, ^ ��^&*"� *�� =

��B<
� �
��3�$ 1$��� .*�, ��.$� ���&2� �&c8 =,
�" �0 ���&���5C*$�A�5 ��B&'0 ��,)! �� ,� ��&� � �=, =�4

 � >�	��'?���
�� -�+� >� 8 ��@#�)4� .�
��3�$ H�B 5
���&���5 G"&.� �&L �0 >� 8 =�4

[Ca6.008Na4.731Sr1.208K0.066Ba0.035Mg0.023][Al18.453Si21.

292O80].nH2O,���&���5 �0 ��`&5 C0�? �4�K$ �B �" =�4
�� -�+�  1
� I0�#� �� �)$ j�,<!)#4� .

 T�#( ��'B �&L �0 ���� ��&�, 0=���&2�  �6� �
,�
-&�5�B � �%&�#��&�; �e�'�"g#B,� �L �4 �, =<�q�
� =�4
���B �
 � ���+7+5; �+�$ � 9��")'	 ��
&��,  �6� �
�4

 ��,� � �)$ �.�$ ���'7����$=���&2� �)$ ��")�, . 0 ��[(
��  6� �0 �
, �B )"����$=���&2� =,�,� �&d ��" ��1."�d

���/�
 H�5 5 �
)0 � �", ��&0 �
��'? � �&$ =�4��1."�d 
= 1
�, 0=-&�5�B ���]5 ���&2� =, 0 �
��'? =�4 �� �
,�

�", ��&0 >� 8.G
, $ -)�; :4, 	 �, e^ 
 �6� %�P �
��3�$&2q��)�4 E&'\� =�*�'�" ����m	)�K��

Si/Al(-&�5�B <B 35 �-; �K�� � �4 ��4pH��� �� T�#( �
, 
���B 9�&T �0 78 �� ���&2� �'3` �, �
&��Z =�4��4=

��,)!�)$ C�*+5 ��@#� =�4)�, .�0 �`&5 �0�&2� �(&3u���-
=�4�"�#$ �
��@#� �� �)$ =��� � >� 8 ��
=-;�0

���� =�,)
�^ �,�&3�.��u����&$ �B � .�!=����
RW±
MWW�`�� �:4��,&d ��&K? C0�?�0� C�*+5 =��� ���&2 =�4
�.$����&���5 � =, >� 8 ��@#� =�4��,�.

������N 
���0&5  .B� �, ,� �&d ��,��)? � ���" �
��� -�!)#�
&�

 � �
�3#4,� C��� �0 -�3�; ��&K
, 	 ��1+�,� ��.",  ! K�<
,�
  .B� ��L&L � �, 	  .B� �, ��#�34 � ����3�3T =��*34

�"&B ��&Xm� :��d � �,n� �� ��8�,  � �, 0, -, �5 ��1+�,� 
��)#
�3� .�
�38 C��� �0 <�� -�.�/&'0 � -�.��" ��1+�,� �,

�� ��,��)? �  *+5 �����&$.
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