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���C &< % M�+��< �8+ $(  W�)*4 ���!"- ?�N)W�� ���/C

�
 .%� Cal(II) W)  ]D�.(3+%+&	 \�����A���!"- ,
&4 
��n9� �� �!H!��8+< %(99C&7 V�!p �$?M�+��< % $&@Q 

$(
����!  .���!"- % ���/C�I � ?�N �/p+ 3�N+&�N -+ ?+
 (9I�N \�����A)W) ?�N bV �� ���+ .( -+ 67 ���%&4��
3+%+&	 \�����A�� G!�{� ��n9� ���!"- ,
&4! �)W) ?�N 

DV �G .(�< %� &N ���%&4�� % ���%&4��+&I4&�7 V�!p(99C$?

E=�G���!"- -+ �7!)8%&)�� &
%��4.��+ $�-+%� $!C G&> :��  ?�N .An : ]\�����ANtr : ]���%&4��T. n : ]���%&4��+&I4Cbz-Ca :�
-�<� �
Ca ]Mes : ]���%B�Stb– Ca :��Y/�I8+ �Ca]:Tmp  ]���!���4Cel-Non :���%�[8 �]���%&I��� Cel : ]���%�[8Cal : ]���/CSme :

��I)�8+ ]Pl :-[C!
#[7 .Oxy-Hyd Fe :��C�+�,NA (��C%�(�N .
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(/H��$���  �lB�
�7 �il�����!"- &�7 ?�N$(99C$&@Q ?M�+��< % �N_98 �� �N���*@*4A ?�N. . .�}i

E=�H�I*'&< 3%&I)�+ &
%��4(BSE)���!"- -+ ���C &2
� % �N
!��R ?�N�?3A �< �I�<+% �N)W)  (9���N ?���I1+ \"[0D�8+ .(

% $&@Q�< �YnK �!� �� �(��+� �!H% M�+��<�I � V�!p ?�N
�<�YnK �!� �� % _���< Ja��I� �� $(
� ?&I�C�1 _�� -

(�!  .�
-�<�  �Ca % �8+ ��n9� �� �!H!� ���!"- ,
&4���� 
$&I�' �� ��94B)W) �(( �	�
 .�YnK �!� �� ���C ,
+

�'� �< (�@8 _�� �< Ja��I� �� % �8+ �4�!p % �=���� ?�N
 (  $(
� ���%&4��+&I4 % ���%&4�� �\�����A �< z�Y4�+)W) D

V.(�< ���%B�(99C&7 V�!p$?M�+��< % $&@Q )W) D�(%
�8+ $(  $(
� �I��29
(
+ ,
!��+ �� ( � ,�9��N)W) D

�.(�< ���C ,
+ W�)*4 �
&� ����< ��-!8 ?�N�!/< V�!p
 $�&C ( � ���%&4�� ?�N�!/< ?�I8+� �� ��+!� �1&< �� % $( 

 �8+)W) ?�ND� �V (�< �YnK �!� �� ���%B� ]�� % _��
�I � % $�!< _�� ?&I�C�1 Ja��I� �YnK �!� �Y�� 3A ?�N

$�4!C ���%&4��+&I4 % ���%&4�� �<�
&� % &4�8+ &4 .��Y/�I8+ �
Ca�< (99C&7 V�!p$?$(  $(
� M�+��< )W) D�(%

$&I�' �� 3A ��+%+&	B)W) �(�8+ &I*�< .�< ���C ,
+
�I � ?�N�!/<K �!1 �
&� ����< ?+ % �8+ �
�8�9  W<�

��+� ?&I�C :!a % ����y ���%&4��+&I4 % ���%&4�� �< �Y�� .
�n9� �� ���!���4�?�I +� �
T�< S�IY�� ��+%+&	 �8�&< ��!� 

(99C&7 V�!p �< %$?�< �9�*��H B�� % M�+��< % $&@Q 
� ���8+ $(  $(
� -[C!
#[7 ?�N�!/< .�!� �� ���C ,
+

�< �YnK!�K �
 _��$�8+ _�� ?+ .M�+��< &I*�< �� �N
��Y/�I8+ % ���!���4�Ca (9I�N $+&�N &2
()
 �< 

)W) D�.(

#������  ��� I����
���!"- ���  �� V%�@4:�P�8 ���  �� V%�@4 �< �N�N% ��� �

3A W�)*4 ��*	�8+ �I�<+% �N .3!�4�C �Y�� �/p+ ?�N
(9N� W�)*4$?���!"- �9Z
 ��NNa %Ca�Y�� ,�9��N %-

?�NSi/Al%TSi (TSi= Ra= Si/Si+Al) W�+!0 -+ X8�9� 
���!"- `+!�+ �
�8�9  ��H�< �N�� ���  (�%�]D��D5[.w
�I�

 -+ ?�+(Z4�
B=4 U-+�&7B
� ?�N�%&I)�+����!"- ?�N ��!�
�8�&<���C &2
� B�� %
!��R ?�N�?�I�<+% �< $+&�N �

?�N&I�+��7$�&< .�� �:%(H ��?�N �%5�8+ $(  �"+�+ .
�I*'&< 3%&I)�+ &
%��4(BSE) J
-!4 ,�9��N %3!�4�C ?�N

�)Y +&	 ?+Na �Ca �K�Mg�Ba  %Sr��r �� ?��I1�8 G!r
���!"- `+!�+ -+ M
 &N W) �� X�4&4 �< ��n9� ?�Nb%E
�8+ $(  $�+� 3�*� .Sr�
-�<�  �� �Ca���!���4 %�C �
�N
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��PYa �&	 $!C���'�-�< ����YZ ?�%T� ���[�'� !C 33+&
+ �8�9  ���C % �8�9 �!/< �/=� �}�

&
���� �8+ $(  ��+% (��+� \��/C ?&I*�< )W) E]��+
:%(H?�N �%5(�9�Y< +� .( �3(  �+(
�7 ?+&< �
-�<� (9�-��� 
�!uQSr�8+ :�P�8 �� ]E[.�< B�� ���!���4 ��I1�8��!' ?+

-�H+ �C �8+$?$�&I�' �
����  V+&��^4 �< �Y�� +� ?&4
���!"- &2
��I � ?�N ?+)% ���%&4�� (9������%B� (��(N�

]DD[.W) ?�N�+�!�� �< �PH!4 �<E�
-�<�  �� ��Ca �
��Y/�I8+ �Ca ����!���4 %Ca �)Y +&	 3!�4�CX��> ?+ ��

��r�8+ G!r�\�����A �� �)�4�!p �� �Na X��> �3!�4�C 

�< ��8+�� �)
�!a �@' 3+!4 �C�)Y +&	 ?�u	 .��4 �� ?+
\�����A ?�N�!/< �< ��n9� Na �8+ $(  :�^ + .% ���%&4�� ��

B�� ���%&4��+&I4 �� 3A -+ 67�Na ����< &
���� % �8+ X��>
 -+ �C(�+Ca +&	 3!�4�C 3+!90 �<�)Y ��r �� ?+ %� ,
+ G!r

��+� �!H% ���C .��!�� -+ �1&< �� B�� ���%B� �< �n<+� �� �N
3!�4�C+&	 ?�N ?+ �)Y Ca %Na � �< S�Y
&�4�+(�?%��� ��

I1�8 G!r��r?��$(  J
-!4 �&2
� �1&< �� % (�+Ca X��> 
�8+ .�+(��Mg��!�� .��4 �� �8+ B�r�� �N.

���J/��%&I)�+ U-+�&7B
� U%� �< �
B=4 w
�I�(EPMA)���!"- -+ Y8�{� �< $+&�N �.��+ $�-+%� $!C G&> :��  ?�N�?&�< ?��I1��8 :!�&	 

�7�?3���C+ �+(Z4 &@� ?�N��!' &N ?+&< �%.

��Y/�I8+�Ca \�����A \�����A ���%&4��+&I4 ���%&4�� ���%&4�� �
-�<� �Ca �
-�<� �Ca ���!"- 
�N(��C+ 

dx/Ed 5b/Ef xf/EE �l/q� Df/Eb }�/ql ec/bf eb/bf SiO2

q�/�} �E/5E bb/5E i�/�� ��/�� �l/�� cf/5E e�/5E Al2O3

}i/}��}i/}�}i/}��TiO2

}�/}�d�/d���d�/dd5/dFeO 

}i/}��}i/}��d�/dd5/dMnO 

}i/}d5/d�}l/}}l/}�d5/ddD/dMgO 

��/�de/ddE/d��/ii/}�l/}fe/�d xe/�� CaO 

��/�D/�d b�/�d i�/���/���/��e/DxD/5Na2O

}i/}db/ddb/d}�/}}�/}}i/}d5/ddD/dK2O 

�����}i/}��BaO 

������Dx/dfx/dSrO 

�}/�} x5/c� x�/c� df/c� E5/cd ED/c� dD/xe cD/xe Total 

�� cfcfxdxdxd5b5bO

q�/�� D�/D5 �D/D5 dx/5f i�/�� l�/�q q�/�Ef/eSi 

�}/ii dD/�e 5E/�e cd/�E ��/iq �}/i� ��/�cd/bAl 

}}/}����}}l�/}��Ti 

}i/}�dd/dd�}}}/}dd/dFe 

}}/}�����}}/}dd5/dMn 

}}/}d�/d�d5/d}�/}�}}/}dde/dMg 

��/ldb/ddD/dfb/d}q/}��/}��/ice/�Ca 

q�/�be/�� f�/�� fD/f��/�ii/��q/}xE/dNa 

}}/}d5/dd5/dd5/d}�/}}}/}}}/}dd/dK

�����}}/}��Ba 

������}��/}df�/dSr 

}�/�xc/�xf/�fb/���/iqi/iE5/�Eb/�Si/Al 

�}/}fE/dfE/df5/d��/}�}/}fd/dfd/dTSi 

�}/}cc/dcc/dc�/d��/}�l/}Db/dDd/dNa/ Na+Ca 
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(/H��$���  �lB�
�7 �il�����!"- &�7 ?�N$(99C$&@Q ?M�+��< % �N_98 �� �N���*@*4A ?�N. . .�}l

���J:U%� �< �
B=4 w
�I�EPMA ���!"- -+ ���C &2
� % .��+ $�-+%� $!C G&> :��  ?�N
!��R ?�N�?3A �< �I�<+% Y�8�{� ��< $+&��N ��N�?

�7 &< ?��I1�8 :!�&	�?3���C+ �+(Z4 ��!' &N ?+&< �%&@� ?�N.

���%�[8�
Al 

���%�[8����%&I��� ��I)�8+ ���/C ���!���4 ���!���4 ���%B� ���%B� 
���!"- 
�N(��C+ 

Ef/EE Df/bf }�/�� �5f/bd ��/�} l�/�� �l/�� SiO2

c/E��/�� ��/�l }�/}�5/D5 i�/l� E5/5e ��/�q Al2O3

d5/d}l/}}l/}�d�/d���TiO2

c/�x qi/��q/l�d�/d}�/}}q/}dx/dFeO 
dE/dii/}}�/}�/id�/d��d�/dMnO 
fb/b��/��i/iii/}d�/d}�/}}�/}dD/dMgO 
D/���/�qq/�li/qq xf/�� ��/ii ��/�xx/eCaO 
D5/di}/iii/i�db/5i�/���/�df/bNa2O

dx/c��/q��/i�df/d}�/}}�/}dD/dK2O 
�}i/}}i/}}i/}d5/d}�/}��BaO 
����5/d��/}��SrO 
x/cE c5/c5 e5/xf 5x/Ee f/xf Db/xe bd/xb xfTotal 

�5d ��5x�dxdxd5bd 5bd O

5e/5c ��/���/�}�x/5� ��/�i D�/e5 d5/ed Si 
ff/D�i/q}�/q}}�/}c�/�c ��/i� Ef/Ed dE/bx Al 
d�/d}��ddb/d���Ti 
Db/x��/}�i/}�ddb/d}i�/}�d/ddf/dFe 
d5/d}�/}}i/}�q/}ddb/d�d�D/d�Mn 
fb/D�}/}��/}}��/}dde/d}i/}dfc/ddbe/dMg 
eD/dq�/i��/i�i/�fx/f�q/��f/�D 5d/�D Ca 
DD/dl�/}�}/}�dx/5�i/�5e/�5 dE/�D Na 
�d/f�}/i��/}�db/d}i/}df/ddb/dK

�dd/d}}/}}}/}ddb/d}}�/}��Ba 
dEE/d}�i/}��Sr 
df/�de/�bD/�Eb/�Si/Al 
E�/dE5/dEx/dfd/dTSi 
5D/d5b/dbx/dbc/dNa/ Na+ Ca 

E=�K3!�4�C J
-!4 �+�!�� �)Y +&	 ?�N ?+)��+ (Na– Ca+Mg+Ba –K  %)G(Na+K– Ca –Sr ���!"- �� ��n9� ?�N.
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��PYa �&	 $!C���'�-�< ����YZ ?�%T� ���[�'� !C 33+&
+ �8�9  ���C % �8�9 �!/< �/=� �}�

C��	L=(� ��#�	  M��(XRD) 
U+&7 -+ $(�A �8� �< ?!2�+ �� ���r �6)
+ ?!4&7 �=98

(  �
�8�9  �I��!"-&�> ���C M
 % ���!"- `!�-+ (94��Y0 �C 
% ���%&4��9'�
���)3+%+&	-�	 ,
&4(% ���!���4 �\�����A �

��Y�A)�< ?�N-�	&I�C ��+%+&	) (W) f.(�N&I�+��7 �)Y  ?
?�!/<���!"- ,
+ �< �N .&� -+ $��@I8+�+B	+Unite Cell 

refinement ]Db[�
�7&< �< V�ZP<&� ,
&I�C U%� $(�A �8�
 �8+):%(H D%b.(�� �� \�����A �< ��Y�A �N+&�N�!�?

�8�&< ��!����C :!�&	 �<�*4 3A �8�9  �N)��Y�A :NaAlSi3-
O8\�����A ]:(NaAlSi2O6.H2OV��8(/	 �C ����Q ,
+ %-

���C �/�H -+ �N;�7 ?�N���!"- -�8�� G!�{� �N �(�! 
�� (�+!4&2���<$!C �� �C ( �< 3A -+ �)
 ��Y�A �.��+ $�-+%� 

;�7 P�+!� W�)*4 ?+&< -�8���!"-
(8 ?�N���< �$�
% \�����A 
�8+ $�!<:

NaAlSi3O8 (Albite) + nH2O → SiO2 + NaAl Si2O6·
nH2O (Analcime) )�(

������ E�="#  F!�F> � N�! 8��6#�
���!"- �&
- ��+!� �< �PH!4 �<�n9� ?�N�?`!� -+ �8�&< ��!� 

�&'���8&'� O8!4 % (9I�N �<�:!/{� &R+ �� % �<��&' ?�N
�I	&' W) ���*@*4A �a�9� �� w
+� �<��&'�< ](�+ ,
+ :�Q

GA ;���� �C ?P!H ?�N�< (�+!4GA V�!p&
- ?�N &< �9��-
;9C+%��� +� (
�+o2< &R+ �N�	&' $(
��� 3+!4 :i����%&4��+&I4 

�<�< �C �I��!"- 3+!90�&' �
&a�� �I*�� �<� �I1�9  �! 
 �8+ $( ]ll.[�����!"- �I � ?�N % ���%&4�� W�YK -+ ?+

$&@Q �� ���%&4��+&I4M�+��< % �N_98 ?�N ���*@*4A ?�N
3A �C �8+ ���Q �� ,
+ �(9I�N 3+%+&	 ?-�<�< �N���C 3+!90 -

G���C % ���� ����< ��+B�%�� ?�N (�+]i}[.

E=�OU+&7 ?!2�+ 6)
+ ?!4&7(XRD)���!"- :��  ?�N.��+ $�-+%� $!C G&>.

���JP���!"- ?+&< ,�2���� �
����  X�C&4 % :!�&	 �
��� % $(  �8�&< ?�N�?3A�����A �
����  :!�&	 �< �N.
Mx Dy [Alx+2y Sin-(x+2y) O2n]. nH2O ���!"- ��!�0 :!�&	 �N

���!"- �
����  X�C&4 % :!�&	n� ?�N$(  �Z��  $(
+ �
����  :!�&	���!"- :A�N���!"- .�� 
Na11.54 Ca0.07 K0.02 [Al17.14 Si32.22 O96].nH2ONa16 [Al16 Si32 O96].16H2O [DE]\�����A 
Na6.63 K0.02 Ca0.64 [Al15.90 Si26O80]. nH2O(Na,Ca)16 [Al19 Si21O80]. 16H2O [D5]���%&4��+&I4 
Na7.27 K0.03 Ca0.26 [Al32.67 Si25.77 O80]. nH2ONa16 [Al16 Si24 O80]. 16H2O [DE]���%&4�� 
Na0.93 K0.005 Ca1.95 Sr0.0475 [Al4.93 Si7.57 O25]. 
nH2O

(Na, K, Ca0.5)4 [Al4 Si8 O24]. 12H2O[D5]�
-�<�  �Ca 

Na2.54 K0.02 Ca3.71 [Al12.29 Si24.27 O72]. nH2ONa Ca4 [Al9 Si27 O72]. 28H2O [DE]�Y/�I8+ �Ca 
Na12.05 K0.06 Ca13.93 [Al50.37 Si71.17 O240]. nH2ONa16 Ca16 [Al48 Si72 O240]. 64 H2O [Df]���%B� 

Na3.16 K0.19 Ba0.005 Ca6 [Al19.11 Si21.64 O80]. nH2ONa5 Ca7 [Al19 Si21 O80]. 24H2O [DE]���!���4 
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(/H��$���  �lB�
�7 �il�����!"- &�7 ?�N$(99C$&@Q ?M�+��< % �N_98 �� �N���*@*4A ?�N. . .�}q

���JHY8�{� �?< �)Y  ?�N&I�+��7 ���!"- ?�!/�
��� % .��+ $�-+%� ?�N�?3A;N%�7 &
�8 w
�I� �< �N�N.

;N%�7�/I�� ?�N ���%&4��)� !2I8+�(
a (Å) 

b (Å) c (Å) 

;N%�7 ,
+ dxe/�x Eef/�x dcf/e
]De[Ddd/�x fEc/�x Exx/f
]DD[5c/�x fb/�x Ec/f

�
���9')� !'��r(
a (Å) 

b (Å) c (Å) 

5ED/�D 5ED/�D fd�/f
]Dx[5fe/�D 5fe/�D fd5/f
]Dc[5c/�D 5c/�D Ec/f

\�����A)�YZ)�(
a (Å) 

b (Å) c (Å) 

fxe/�D fxe/�D fxe/�D 
]De[edf/�D edf/�D edf/�D 
]D5[e5E/�D e5E/�D e5E/�D 

���!���4)� !2I8+�(
a (Å) 

b (Å) c (Å) 

d�x/�D D�b/�D �E�/�D 
]De[�55/�D dee/�D �55/�D 
]D5[�db/�D dEf/�D 5bf/�D 

\�����A �<��&' �< �Y��Si/Al &I�C -+ 5��?����< -+ 
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