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)D.&h;!-2 !�.(���9 �9 �$( ���_ �� �
( =�3

��
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;�<� ���L��9 �T
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-2  -& D�.'E �%?! �
*& -�( .�6-

-I �+?�6 �(*� �� �9 =�*?���9 �T
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*��N =�3
 ��	 �� ��%��*U�9 ! ��$!�(V ! �+^( ��	 �� Y]
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�0	"# D.& �,"	 -�()D.&�;!-2 !�.(�+?�6 �(*� �� =
���9 -
-2 ��*� ���E*# ���E�T3 ��
�-�$ ��
�-3(S13 =�3

 �Y]
V ! �+^( ��	 �� SE�(*9 ! ���*�5( ����*+
*
�*�
 ��%��*U�9 -& ��'� �,"	 ��	 �� ��+
( !-�()D.&z!

;!-2�.(���9 �
( �6 �3 }*Q$ =!� /*#��8 :&*5 R�*^
�+?�6 �0	"# �("I �3  -%3� C�E��6 �9 -�( =�3-�>�*$ :
��9( =

=-B6 :
��9( ! C8 O*>� "N( �� �9 ��$( �+?�6 �(*� �� �*2*�
 -& D�.'E ��3-�>�*$ -�( .���9 �
( D�.'E 
*��N =�3 C�E��6 �

=  -%3�pHD_ R�>�*$ �l+< ! ��Q%� �� �
��+I �E �K%L 
�$( �3-�>�*$ :
��9( "N( ��  -& .���9 �
( ��%~T3 �� �3

/�
"2 /-��'�!"	 -%0�3 "N*� R(S+	 �( �0&�J�( =-�$( =�3
 D_ =("6 �
i�6 /(*E ��
� �PQ$ �#�"0�# D��� �6 ("
�

 -%
i8 -��(� �3 ]��.[\
�0� W�$("6�6���9  -�8 �$� =�3
��
� ���L��9 ! �!�-%+# /-B� ��  -& D�.'E �Q�P� =
;�<� k�.>E D6�I �0$� ���a �6 �%?! �
*& d�E"E �6 �9 -�(

���9 D��& ��T3( ���9 �=S+	 �E�>�*$ =�3 �$ �38 =�3
���9 ��0�	"� �$( �E�.�+�$ ! �E�%6"9 =�3.

�E/=���X D�Z'E =�3 �
*��N )�Q�P� ��
� (�+?�6 =�3��J�( =!� "6;�<� ���L��X =�%?! �
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-+2po ��T& �s/�0�6�E �puon :�����9 D�.'E �� =-�$( C�3� �Q�P� ��
� =�3. . .h��

�
/F=*1�(Y.
( *E"5 [("5 =�3 (XRD)���9 �( ��*T� !� �
*��N =�3)�Q�P� ��
� (;�<� /-B� ��  -& �0'�� �!�-%+# @%$
)Y]
V=Gyp���*�!� �=DoloSE�(*9 �=Qtz��%��*U�9 �=Kaol���E*# =Goet����3 �=Hal(.

�
/GY.
( *E"5 [("5 =*1�((XRD)���9 �
*��N =�3)�Q�P� ��
� (�T
-I �+?�6 =�3��J�( }*Q$ ��  -& D�.'E;�<� ���L��9 �
*&
 �%?!)Y]
V=Gyp ��%��*U�9 �=Kaol���*�5( �=Eps��+
( �=IllSE�(*9 �=Qtz��$!�(V �=Jar(.

#(�H6�$"�	���9 ��
� =�3 ;�<� ���L��9 ! �!�-%+# @%$ ;�<� /-B� �� Y.
( =*E"5 [("5 [!� �6  -& �
�$�%& �Q�P� �%?! �
*&.
���9�,"	 =�3 ���9�+^( =�3 ���X D�Z'E DP� �Q�P� ��
� =�3)�
*��N(

����3 ���%��*U�X "�< �38 -��X( ���E*# Y]
V ����*�!� ��
�*+6 ;�<� /-B� !�-%+# @%$�
��%��*U�X ���$!�(V SE�(*X ���+
( �Y]
V ����*�5( ;�<� ���L��X �T
-I �+?�6�%?! �
*& 

��+
( ���%��*U�X �Y]
V 
��*� ��
�-�$ ���E*# ���E�T3 ����*�5( ��
�-3(S13

SE�(*X ����*+
*
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�*5 �+I �/����BT& ��T�I� �H
"9 �U�I8 /("
( �$�%& ���9 ! �$�%&�*+6 �+F� hhx

�
/I=*1�( �( ��*T� �$ Y.
( *E"5 [("5 =�3(XRD)���9 �
*��N =�3)�Q�P� ��
� (�+?�6 =�3��J�( }*Q$ ��  -& D�.'E -
-2 =
;�<� ���L��9 �%?! �
*&)Y]
V=Gyp���*+
�*� ��*� �=Mont��E*# �=Goet�
�-�$ �=Sid��E�T3 �=HemSE�(*9 �=Qtz���*�5( �=Eps �
�
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-+2po ��T& �s/�0�6�E �puon :�����9 D�.'E �� =-�$( C�3� �Q�P� ��
� =�3. . .hh�

���� �J%K ���8L�� ��� 

���AA9 �( v�%��*AA�8 �v
SAA�%� ��AA38 DAA_ DAA6�I �E�>�*AA$ =�AA3
��*TB� ���9 �
"E :A.3� ��  -A& D�.'AE =�3 =-�A$( =�A3

 �$(]��.[kAT� ��$�"6 �
( W�$( "6 D�.'AE R�>�*A$ =�A3
 ;�A<� /-B� ��  -& �A+?�6 ! �!�-A%+# @%A$ �A��L��9 =�A3 =

;�<� ?! �
*& �A� v��A�E �0$� !� �6 �% -�*A& .�0A$� ;!( =
���9  -A��(� "A6 �� �A9 -%0�3 �+_ D6�I =S+	 �E�>�*$ =�3 =

R�>�*$ C8 =S+	 =�3 �0�	"� !� /*�E�9 �6  ��$ �(� D��& ! -�(
�-3(S13
��$( Y]
V ! ���*�5( �.�0A$� ���A9 )!� ==�A3

 /*�E�A9 �6 ! "0T9 ���7_ �6 =S+	 �E�>�*$ �	"� �A$ =�A3 �A0
 ��$!�(V -%��� �38(KFe3(SO4)3(OH)6@A�� �A6 �A9 �$( 

�A+?�6 }*QA$ �� �A�%E S�"I �6 D
�� �("6 ��� �T
-AI =�A3 "AE
  -& D�.'E �+?�6 }*Q$ �� �9 ���_ �� �-�( SA�� ! -A
-2 =�3

 -'A� �
�$�%& �!�-%+# /-B� �� .! �T�A&*�6 ;-A� W�A$("6
 i�A6 =-�A$( |
("A& �� ��A$!�(V D�.'AE ��T�&*UV*�6 �� !

�A$( "
�A5 /�A.�( R�>�*A$ �l+< �
"Ei�6 (pH=3-4, SO-

4=1000-3000mg/l) ]�x���.[;!(  !"A# � !"A# !� �
( ��6
 ���9 �%B
 v
S�%� =�3 b*� �(�MgSO4,nH2O���*�5( -%��� 

(MgSO4,7H2O) �
�-AAAA3(S13 !(MgSO4,6H2O) �AAAA6 
-& D�.'E ���<� �+?�6 =�3��J�( �� ��(!("	 -�( .���9 ! �A$�%&
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( �
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�A3 �A3

 �0	"# D.&-�( .�A
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�� C8 �( -�(*E �( �A%< =�A3 Fe2+�*A& D�.'AE]��.[! �A38
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 ���9 :
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S�%� ���9 !$ )*
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�*5 �+I �/����BT& ��T�I� �H
"9 �U�I8 /("
( �$�%& ���9 ! �$�%&�*+6 �+F� hh�

�� /�'� (�-%3� .�6��  -3�'� �9 =�*? -^�� �*&
(Na2O+K2O), Al2O3, SiO2�US2 "^�%, !Zr,V, Rb ��

�+?�6 ;�<� = ��*T� �6 �J�� ���<� =�3 ����L��9 �1T3 @%$ 
�%<-^�� ! �#-& MgO, Ca, SO3�US2"^�%, !Zn, Sr, 

Cl, Ni, Cu, Ba�� /�'� �#-& ��E -3� .:3�9Fe2O3!
SO3-%��� ��1%$ R(S+	 !Pb ,Ni ,Co ,Cu ,Zn�+?�6 �� �3

;�<� �6 �J�� ���9 �'
��9( -%
("	 "1���6 @%$ =-�>�*$ =�3
�$( .S9"TE �6 "F%� "�( �
(SO4

2-��J�( S
� �	�%� �� =�3
�� �+?�6 �*& .���9 �6 D^�_ -�$( !  �(� :%9(! �E�%6"9 =�3

:
(S	( dJ$pH�� -��9( :3�9 d2*� -%
("	 �
( ��*&
 =�3CaO ,MgO�+?�6 �� �$(  -& ���<� =�3.

#(�H=�+?�6 ����L��9 �1T3 `(�*L �� �US2 "^�%, �l+< ���9 ����<� =�3 ��Q%� �� �
*��N =�3 ! �$�"6 ��*� =��1���� �6 /8 ��
���
;�<� @%$/��2 ! �.
"�8 ���a =�3]∗∗���∗��.[

d�_"6 "^�%,
ppm 

�1T3 �(�*L
���L��X 

-
-2 �+?�6
�$ �6 �+?�6

|$*0� 
�T
-I �+?�6 

�
*��N ���9
�T
-I 

�
*��N ���9
-
-2 

`�79*
��1����

;�<� @%$ =�3
��a**

��1����
;�<� @%$

�.
"�8**

��1����
;�<� @%$ =�3

/��2**
Ba �x{h z�z ��h zz� hh� ��� �z� x�/�{� ��x ��x ��hx 
Co {x ����{������z��/{�/{z
Cr �h� ��� ��� ��h ��� �{� �xx ��/h� �z�x
Cu �x� ��z ��� ��� ��� �{zz��/�� �z�z
Nb ���h��z����xx{/�� z/��/�
Ni ��z ����{ �z� ��z �x�z{�/�� ���z
U�� ���������/�z�/��/�h
Th �� ���h���x��/��/{�/hh/{
Ce ��� �{��z �x� {{h�{x�/�� ��z/��
Cl �� ���x�{�h� ��h -z�/�x� {�� �xxx 
Pb ��� ��� �{� ��{ ��� {��h��/�� ���z
Rb ��� h{� h�� �x� �hh {z�x{�/�x ���{
Sr �x�x ��� ��h ��� ��� �hh h�z �{/��z �hx �hx 
V�x� h{� h�� h{� �xh �z�hz ��/�� ���z
W{��x���z/�hz/��{
Yzx {z�h�{����hh��/��z/xh/x
Zr ��{ ��� ��� ��� ��� ���{z �z/��{ ����
Zn ��h ��� �h� ��� �{� ���x��/�h zhzx

�
/N-��9( �#-%9("5 �+^( =�3 ���9 ����L��9 �1T3 `(�*L �� �+?�6 ! �
*��N =�3 �3�$ �6 =�+0�� =�3.
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-+2po ��T& �s/�0�6�E �puon :�����9 D�.'E �� =-�$( C�3� �Q�P� ��
� =�3. . .hhh

�
/O���9 ����L��9 �1T3 `(�*L �� ���� ! �US2 "^�%, �#-%9("5 �+?�6 ! �
*��N =�3 �$ �6 =�3 �+0�� =�3.

-^�� MgO!SO3���9 �� �T
-I ! -
-2 �
*��N =�3
�+?�6 �6 �J�� ��*T� ! ���<� =�3 "^�%, ! ���L��9 �1T3 =

�US2Co ,Cr ,Pb ,Rb �6 �J�� �T
-I �
*��N ���9 �� 
`(�*L��(� �#-& �%< ���L��9 �1T3 ."^�%, �	"? �(Ni 

,Zn Pb ,Cu ,Cr ,Co���9 �� ��
� =�3 �6 �J�� �Q�P�
;�<� ��1���� ! `�79 /(S�� @%$ ��a ! �.
"�8 �/��2 =�3

]�����[�%< �� /�'� �#-&-3� .�J�� �9 �����_ �� �
(
Fe2O3/SO3���9 �� �6 ��(� /�'� :3�9 R-& �6 �
*��N =�3-

���9 �� �J�� �
( �9 =�*? :3�9 "E-
-2 �
*��N =�3
�� /�'� �T
-I �
*��N ���9 �( (� ="0'�6-3� .�%< �
( D���

���9 �� �"#*# �#-& ��
� =�3 �PQ$ C�2 ��Q�P� SO4

�6��Q%� D��� "0�# �PQ$ =���9 �
( =�$�3 ]��[�9 �
�%< �6 "F%� "6 �$!� �"#*# "^�%, �
( �( =����6 �#-& 

���9 �
( }*Q$ =!� �$(  -& �3 .SO3���9 �� �
*��N =�3
�6���9 R�*^ /*a �0�	"� !� �E�>�*$ =�3�-3(S13
��

�� "3�� Y]
V ����*�5(�*& .���9 !� =S+	 �E�>�*$ =�3
���9 �� d��< ��	 �0�	"� -%0�3 �
*��N =�3 .���_ �� �
(

�>�*$ �0&(� "6  !7, �T
-I �
*��N ���9 �9 �$( !� R
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