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hk/h��/h�k/hhi/h�f/hh�/hk�/hh�/hh�/hTiO2

g�/fhdf/iiii/i�d�/dk�k/ek��/eied/e�f�/f�f�/ffMnO 
h�/hkk/hk�/hkk/h�f/hkd/hhf/hh�/hhk/hP2O5

hk/hhk/hhk/hhk/hhk/hhk/hhk/hh�/h<h�/h<S
��/khie/�h�/kh��/ghe/ggh/�g�/dfd/k�dg/kiL.O.I. 
�h/�ife/�dhh/�fif/�kii/�dgf/��ff/�dfh/�eih/�fTotal 

<��=0,A�.% �w$8 )!7 �� #,= S�T,D (E.���( ���3� L
)AH (�D �&2 !""C7 z9�ICP.
Cu Co Ce Cd Bi BeBaAsAg���8�
kkkkfkkhfkAH 

Sn Sb Pb Ni Mo Li La Ga Cr 
khfkkkkkkkhkAH 

Zr Zn WVUTlThSr
k�khkkhkh�hkAH 
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��&C7 �)6(�7d)������( �(,2 �+�7 E.���( �� ���3� 
9 ����."D��(,2 �+�7 ���3� �+�.2 !"�� �7��"�^7
�9>Q��( z9� �D XRD  &�&2 �+�,D .0(,� �� �!
� ,D )90	�

 ��&C7 )�,
� ��&C� ���� ?�9�,	 @��"�^7�hE.���( �� �-�� 
@�'"$"+ 9 0.�.� @�.D,( �0.�.� ?�1&"�(� G��2 0.�.� ?�1

)�"�9�9� 9 �"7���Q+� (�
0U7 ,�2���,J 0
� �+�7�-�� ??�
&�&2 .�� ��4�� ?��	9� ?�1��P��"� �� ?��&C7 !".<31
���( &�&2 �+�,D 0(,� !
� �� 0"� 07���( 9 �"7���Q+� ?�1 .

�+�,D }
�*� �� ���� �,2 ����� �� �1��2.
��� ����-�- (.�� XRD:���3� �+�,D z�,J z9� �D �1

 �� E.���( �( �+� ���� )� � `'
� ?�7,J
��"�9�9�MnSiO3��"7���Q+�� Mn3,Al2(SiO4)3�3(� 
��"*��
�9�)Mn3Al2(SiO4)3Ca2MnMn2(Si3O10)(OH)4(�
�"������"M )(Ca,Mn)Mn4O9,3H2O���"��3+9� 

)K(Fe,Mg,Mn)13(Si,Al)18O42(OH)14(���"$"J�
��(
)Mn3Si2O5(OH)4(��"��"Q+ �
)(Mg,Fe)4Si6O15(OH)2,6H2O(07���( ���*�O 9 �
��=

.���&2 G"' 7 �"* �+�)G'2�.(

*$+>l"[ ?�1XRDE.���( ���3� ]2 �&���+ ?��"��( �&.1&�� � .9 �"�9�9� ���3� �"7���Q+�&.*�1 S��8 ?�1.
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?,
�9 !"C� !"�T )�,
� �+�.2 ���( 9 �+�.2��$D �$U� ekg

�	?� @������A)� ��:��&C7 �h�-�� �( �����( ���3� L
 ��
�D ,* "JD �&2 �+�,D x�'+9,'"� L3(�&��� �+�7 

9,*'�� ,�2���,J0
��
0U7 ���-�� ?&�&2 ?� )G'2g(.}
�*�
)B9&4i()� ����( �( ����� &.7��P% �����( W�� ?�1 :

�
���9,"J 9 �
�9,(9�9� ��"�9�9� ��"7���Q+� .!
� &"
|7 ��
 �J�'+9,'"� �[��� �+�,D �( �+� ?�9O��
 �D #�R }
�*�
 9 �"�9�9� ��49 0"� � P-H x�'+9,'"� �+�7 E.���(

�9,(9�9� �+� ��,( &"
|7 E.���(�� �� �
)G'2d(,D )90	� �
�����( �Q'+9,'"��,	 ,
�{7 �� �!
�)G'2g(?�1��$D 0"�

����= L/�( ��*P�� 9 G'2��� &.*�1 �"� 7 GD�H.

<�� �(�B��� �?
���	�� 
��P��"� 9� ���	9�?��4�� ���"7���Q+� 9���	9� ��P��"� �+ ?

07���(�� ��4�� ��0(,� @��"�^7 ?�9�,	 ���� ��&C� )�,
� 
�+�,D &�&2)G'2�.(�� ,*3( �1��P��"� ,-H �( �U�O ��k�

���&�� 9 �P+�^� ���D )9,'"�)O ?��2 9 ��� ?,"= �D �1
�	,= @��A ��"�D ?���2� .?�1��� �!
� ��49�D !�31?��+ 

��	 9� �
�� 9��= ��i��P��"� 07���( �
�� 9 ���D ?��	9� �kg�
��i 9i�k �4��?��,�"*��+ B�"+ ?��2 9gf/�&A�� 

�+&D W
&+�9,$( B��C� ���9 &�O �(�
�,2 �&.1� )� � 
�D��,= ?��� �+R�D .��L
��P��"� ?��	 9� ��� ��"�D L/�( 

�"7���Q+� ?��� !�31?��+ kih �4��?��,�"*��+ �+&D 
��� �&�O �D�$% ,-H W(���P��"� )�'�� �&��?,"= �� ?��2 �
�� 
,�"� & �.�+� ?���Y �"7���Q+� �� ��P��"� !
� L2 )9&D 

��*�'2 �� �,
� ��$P7 ?��� �>
9 �D �+� �&2 ���9 ��$D ?�1
�+� �4�� !
� �� ,7R�D ��"�D �"7���Q+�.

*$+C�	,C� �+�7 �&2 �
0U7 _�����9,*'�� ,�2���,J0
�.���32 ?�1k�7f:��"7���Q+� d9���
���9,"J g�7kk��"*��3D k��7kf
��
���9,"Jkd�7kg��"�9�9� k�9�h�
���9,"J &.*�1 .
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&$4�����32 ��)�*�D�7 �ki�g�� )6(�7 0.�.� �����( )�*+�,( )�*+� :,"w� W( ?&.
�,	 ��. . .ek�

<��=2E.���( ���3� 9� ?��"��( �
�"3"2 �
0U7 }
�*� )M5 9M1(�D��9,*'�� z���,J0
� z9� )���9 &A�� S�T,D(
���32
_��� Na2O K2O MgO CaO MnO FeOt Al2O3 SiO2 TiO2 Total  

k / f hf/h h h�/h e g�/id  fk/i fd/k�  fk/ie  df/h k�/��  

� / f hk/h h hf/h ff/� gf/ig  if/i f�/k�  eg/ie  ef/k i�/�g  

i / f hk/h h hi/h gk/� ��/ig  �e/i ��/k�  g�/ie  ��/h �h/��  �"7��Q+� 

e / f h�/h h �g/h h�/� ef/i�  gg/f ��/ki  kd/ih  fh/d �i/�d  

f / f hi/h h hi/h gi/� ff/ig  �k/i �h/k�  �g/ie  ek/h ee/�g  

d / f ki/h hf/h h�/h dd/h dd/��  gf/k hg/h df/h �g/h �i/�d  

� / f k�/h h�/h he/h fh/h dd/�i  gh/k kh/h h�/k kh/h ei/��  
�
���9,"J 

g / f h h ii/� kf/h gd/k�  �g/��  fd/e ��/i�  eg/h de/g�  

� / f h hf/h e�/� ek/h f�/k�  gk/�k  eg/e �g/eh  ef/h e�/g�  �"*��3D 

kh / f h�/h he/h �i/� hk/h f�/ik  k� �h/k hk/id  h�/h kh/g�  

kk / f hk/h hk/h ff/� hi/h if/i�  hk/kd  ��/k g�/id  hk/h ki/g�  

k� / f �k/h kk/h he/h ed/h ig/�e  ��/h h�/h gf/h h�/h h�/��  

ki / f i�/h kf/h dh/h eg/d ei/df  dh/h ke/h dd/h hk/h ed/��  �
���9,"J 

ke / f id/h k�/h fi/h �h/f �k/dd  fh/h kh/h e�/h h�/h gf/�e  

kf / f i�/h kk/h fe/h d�/f eh/d�  dh/h ��/� e�/f h�/h kg/�g  

kd / k hi/h h �d/h hg/f d�/e�  fk/h eh/h �k/ed  h�/h kf/khh  

k� / k h h k�/h �d/f kk/eg  i�/h hi/h fg/ed  h e�/khh  �"�9�9� 

kg / k h�/h h kg/h �e/f �h/e�  id/h he/h id/ed  h k�/khh  

k� / k �i/h �h/h �d/h gi/� hd/dd  �e/h hi/h fi/h he/h ��/�d  �
���9,"J 

�h / k i�/h k�/h df/h k�/d d�/d�  gf/h hi/h �f/h h f�/�d  

*$+D1��P��"� �� �Q'+9,'"� ,
9�{7 �+�,D ���� ?��	9� B�"+ ?� .l�� :5 9 �"7����Q+� �� �
��� 9 ����D ?��	9� B�"+ ��P��"� :B�"�+��P��"�
07���( �� �
�� 9 ���D ?��	9� .�D ��$D ��*�'2 �� �,
� �&.2�D ?���Y �"7���Q+� ?�1��P��"� �( &+,"� ,w.D���*	� #��&��.
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� �G��2 0.�.� E.���( 
)9&D �
 �D 0.�.� @�.D,( �0.�.� ?�1&"�(� �������+� �,=�= 

?��7�'"$"+ G��2 0.�.� E.���( )6(�7 )&C� �� �'�O B�T
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�����'+� ?,�� �+� ?��%���� ���
R?�1 �D�+� 9 �'1O,"8

��7 ��VT )9&D�?Z�F� ��"� !"./ .��$P7 !
� ��� ��7�'"$"+ 
@��{D ���(?�1 �1 �"7�3�J�� �%,	 �&
� &2��+� ��� 
?,P31 )0�\���J(�����( 0.�.� )6(�7 ?,P31 �"7�3�J ��"�.
!".<31 �����( 0.�.� )6(�7)��"7���Q+� �"�9�9� 9�1�= 
�"M9,F7 (�3�5�+� &���7 
�
��&2�D �.�=&.(�,J Ww.��� 

���7?�1 ������( �>
9 �D,* "D �� _��� �=��1,�
&'
 ��0"�
�-H ��,(&���?�1&.
�,	 �D��,= ?��� R�D 9�
?����,=�
!
�ZO ��#���� &.'"����� �-.������&C� ��7 )6(�7�!
�ZO 
��9�� �(S4�� ?��*"��C	 !
�ZO ?����,=� 9�
�D��,= �&2 
&2�D �&
� �3���2 .

�+�,D)6(�7 �����( �$�"A �[��� )G'2g(S"7,7 
���( !
� ��$P7 �� �1@��A �D kK� 9 �"7���Q+� ��"�9�9�K
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�9,(9�9� eK�
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0.�.� ?�1&"�(� !
�,D�.D?�1 ���9O,	 ?���Y 9�U"*� 

���+,=� &.*�1 �"�9�9� 9 �"7���Q+� �(�DG'2�=�?�1 

�[��*� ?��"�*�'2 E.+ ���� ����,(,J 9�1�= ��&%�H�
E.+ ���� �D��"% R�D 5�+� ,7 ��,(&��.E.���( �	�D ��

��,D !"./$T,� �� �"*��3D �( &
O��3( 9 ���� `J��
�+� �&2 ��$P*� �"7���Q+� )G'2g(.

�+�,D07���( ?�1��P��"� )G'2�(?�1����kg �7 i�k 
�"7���Q+� 9 �4��kih4�� ��
�,2 ?�,D �� ��,�"*��+ 

!�31�
�� ��	 9� )&2 K�+� ���� )� � ��= .
�J,D�]19>J
�)���'31 9 )��'" ]�[�!"M�J ��"�D �P��Fe/Mn )hk/h�7

e�/�(�� � �
���9,"J ������*+�� �D��,=�+� .!".<31
 �P-H �+ ����3��� �
���9,"J �M�"3"2 S"(,7Si X 10)(K

FeKMn ]kh[�� 0"� �,*�= ?�1�����( �D��,=����,H �,"=
)G'2kh.(

����( )���,"J ?�1 ]19>J }
�*� �+�,D �D 0.�.� ?�1�
�� )� � �D��,= ���*+�� ]�D �� �1�����( !
� �( &1� ?�1

�%�3U� �
R�D ��� F 7O ?�1K�D 9 �D�+� �b=�� �>
9
E.+ ��� F 7O ?�1)G"2 X�7 ��	�7 ?�1 ���&= 9 �1 ?�1
�*����D (�
�R�
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�%�3U� �D ��,31 ��� F 7O ?�1K���( ��D�+� �D �
�� G'2 9� 
���7�=� 9 ?� @��A ?����,"=�(�����T9� ���7 �=� 9 ?� -

���( �� ?��YO ?� 9 �"7���Q+� &.��� R�D ?��� 0.�.� ?�1
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� �"�9�9� ��2.

)���,"J �
�1 ]19>J �=��7 �D���( &.D,3(�� 0.�.� �
��
�
,"J!
,P
� ���B��7,J �� ( ),P�O ��-.���� (?���� �(

�"7���Q+� �
��,P31 K�
,$(K�P�O±�D 9 �+� �"�9�9� 
�*	,= @��A ���� �1�P2 )6(�7 E.���( ?,P31 �+�]kk

9k�[.�D �M�1�����( !"./ G"' 7 ?�,D y�+� !
� ,D
�� �$T,� �+ !"M�J ?��� 9 R�D ?��� �
��,P31 ,w�&2 �*	,=:

���7 E.���( G"' 7 B9� �$T,� ?��� ?��+� !"
�J .!
� ��
���( ��$T,� ���7 0.�.� �
����� F 7O ?�1&.
�,	 �[ �� ?� K

�� �9� 9 !"
�J ?��2 9 ��� �D��,= ?�1 B�"+ �$"+�D 9 �D�+�
�� @��A �D��,= ?��U� �,"= .!
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*$+,F�P-H �+ ����3� �� �
���9,"J �
�"3"2 S"(,7Si X10  KFeKMn ]kh[

�"T�� ���=,=� ��&�� #9� �$T,� �+� �
�01�( �D _�D,� ?�.
�"T�� ���=,=� ?�1��&�� �$T,� !
� �� ��D ?�,D #�R ?��� ?�

 ��$P7���( ���=,=� 9���( G"' 7 9 0.�.� �"�9� ?�1 ?��� ?�1
 R�D)�"P�O 9 �"�9�9� ��"7���Q+� (�� W1�,	 �� .(.&.
��� �
,$( :9� ,D �U.+ K�$T,� !
� �� �� ��� �"7�"Di�h �7 
ekf �4�� ��"2 ������ �D �( �+� ���3� ��9O,D ��,�"*��+

���� �����31 0P+ ]kk.[�= G��2 #�+ �$T,�`J ]$ ��
�� @��A ���=,=� �� `J �$T,� !
� �+� �
�01�( �D 9 �,"=

�"��C	 �+� ��,31 �D��,= ��,*�= ?�1 .��� y�+�,D �U.+
 �9&T �
��� ��
,$( �
�"3"2 S"(,7efh �7 fhh 

�4�� �*��+ �+� ���� )� � �� ��,=]k�[�� ��� !
� 9&���7
���( z,*�= �
�,2 �Q+� &.��� R�D ?��� ?�1 �� �� �"7��

���7 E.���( W1�,	 0.�.� ?� ���+ .�D �$T,� !
� �� �!".<31
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