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TO-2 s/�� s/��5 s/ss�� � �/� s/�� 5/� 5��s s/� �55 �/�s 

BC� TO-3 5/f 5/s� s/s�s� �� �/� �/�� ��s ��fss ��/� ��� 5/�� 

TO-4 5/�� �/�f s/s��5 f ��/� �/�� �sf ���ss ��/5 ��� 5/�� 
MH-8 ��/� na s/s��� � �s/� �/�� �s�s 5�ss ��� �sf �f 

59 �/5 na s/s��� �f �s � �f� �sf� �s� �� -
50 �/� na s/s�5� 5s �� �/5 ��� ��s� �� �s -
83 5/�� na s/��f� ��� 5� s/5� �� �� f 5s -

TT-4 5/�� na s/ss�� 5 5s/� �/� ��f ���s ��/5 �f/5 �/�� 
TT-1 5/�f na s/s��� � 5�/� s/�f �s/f �s� �� �ss �/�s 
TT-2 �/f na s/ss�� �� 5�/5 �/�� �f� ��� ��� ��/� �/�� 
KT-8 �/�� na s/ss�� �� ��/� s/ss� 5/5 �f� �/� 5�/� �/�

1 ��/5� ��/5� s/s� - na �ss � �ss �ss na ��/5� 
2 ��/�� �/s5� s/�� 5ss na na � �ss �ss na 5�/5� 

D 3 �� ��/� - na na na � � � na 5/5� 

610-22 ��/5� ��/�� s/5�s na na na � � � na ��/�� 
c-8 ��/�f ��/�5 s/s� na na na 5ss �ss �fss na ��/5� 
10 ��/�� ��/�� - na na na - ��ss � 5�sss �5/5� 

E 8* ��/s5 na ��/�5 na na na na na na na na 
9 �� na ��/� ��ss na na na na na na �/s

*��7�H�OG���� �� HI/.�KL/M. �� �	=� N���
�.

 �&.���4&#! !' �8�' 
/-' _'$C _#� 
E "(- ���*�,- �?&�*$%	 # :!�* ���4 :�?.
P�	�	
) ��N� =
� �<�� =
� 

0�8 O * 
32�'64�� Y�< �!F462�#' � O4#$8 � �!F462�6�< �
� 2�6�<���$O4���68�� �� O�' �� �6O��6� ��6� 

(,OY��6? 

0�,E$4�? � �O4 � �6�	 
�?( �4' � 2�>? �� 26% �� H,+� 
( a�6* ��$ C6,*�< �

*�� d? 
 Y- �6OY2 
8Y- ��HQ�* $z� !' � O�' # � C6%6O� ���68*6� :�? ���4�	 
4 (,-�EXRD�*' U8)� ���< 3��>2 
0�n*(O� 	�6� �	F1�' ;� �?U��4 (��S ISolid Solution) (&6� 	�'	 	6S# ���< �'6�' � E ��� d ��O4 # d �*�HC � d�(�* �? �	 (�,�'62

0�8 O * 
8Y-(�$ % �'$J $+�(8� :�S 
E l6 , �6�< :�?.
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(OS��"��>- �����E ��5�� ��'$9��' ���u e�'( C # �*�,-�6OE ���$/�(Co3(AsO4)28H2O) �	 . . .���

%���� %
1	=
� � �
;Q
� 
g*62 ��E � H��� :'$E ��'$9��' ���4 ��HQ�*���E (- �  /2 .

�* (T'# :'�'	 ��'$9��' :��HQ8�������*' ��' 
4
�?(T'#:
* 
8Y- �	 ���>HQ�* 
-6Q k�!62 �E :(/E :�?

# ; ,*�< ��S#��7 �)?��S#�?:&W �4' �E �?< # ���Y4 
"(- UXH� d? 
E &��8� :�?( �4'#�( ? #(�' .���4 ��'

 :!6Ob4 &���2 :'�'	);2�O � (:�?$H�'��C # "	6E
8� 
HQ�� 
&<a = 10.251, b = 13.447, c = 4.764 , β = 104.98#

< ���R� "#$% &C2/m �*' ]��.[
�*�$E �	 �C68*#$8 � :�?)U8- :�?�� �0 (��'$9��' 

"!'(�' :'�'	 # �*' �2#�aH� :�?��$H) EI6G �$N #
E &< 

E ] 2$2�s#�� $H> O � ;� (*� .���4 ��' ��6G kG��� �	

�?�6OE 0�6K 
E U8- 	6Q 0�6K 
E # ��!6* �"( )4 :
:�6),� U8- 
E ��6>/� :�'6�'# �*' 
E �j$N kG��� �	 

U8- �/E$� :�?�6OE 0�6K�� "(�		6- .
h 2 ��' t!�� :�?
 �	 ���4:�H*'�[010] ��B/�' ���T ��*�,-�6OE dQ # $��C 6-

�	 # (��'	 
1aK[010]  �	 # "(- ��C :�H*'�[001]( )4 "
"(- (�')U8-5=.(���N M� # :�'6�' 	6>�[010]  ��'$9��' 


J�# &< �	 
4 �*' ���< ��S#���7 ��HQ�* !' �-�� ���7 !' �?
��S#
H�$% d? 0'!'6� 
E :6RN �)? :�? (�')U8-5^�'.(

83�.Z# = �^�' (
�6>�"��H* ���T !' �H*	 :�? ���4 U8- ��!6* :�?�6OE # :'��'$9��' � # 0 L�� d4 �2�6K �2 M$* L�� �E(kG��� �
� # � �+��(,7 :'�'	 ��'$9��' ���4 !' �C68*#$8 � ($�6X2SEM ^ G #EDX M # A ���$ C6,*�< ���4 ($�6X2SEM U8- :�'6�' :�?�6OE 

^ G # ��'$9��' ���4EDX ���< .
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d�$4 �:6J:$?�z� ��C ��6C &'$�' �*�,- ���4 # �*�,-�6OE 
Ob� ��s

83�0^�' (
* ��HQ�*$9��' �6OE :(/El$? 
4 ���'��S#��7 "$ 2 :$H�4�Q :�?�)? �; ,*�< :�?��S# # ���Y4 �-#� :$H�4�Q :�?
"$�'	 ��?<d2' �"� * :�?# &V#�( ? :�? �� &�)� '� &V#�( ? 
E &W �4' (�6 C "$ 2 �6BQ(,?	 .=(���4 �*�,-�6OE :�?�61� # dH� * -

��'$9��')!' 
H�$%$E]�s��5.([ 

8*#$8 � 0'(?�)� 
4 	'	 &�)� �/ YG �6� �	 ���4 ��' �C6
"(?�)� UE�J �+�� (,7 :'�'	 ��'$9��' ���4 �2�6K L�� !' :'

 ��HQ�* �E "( YBJ �6� �	 # �*' L�$>4 ea,E # �2 L�$>4

�B,� "(�	 
 -�T 
E 34$� !' L�� $  /2 0�6K 
E �j'#�� :'

�� 	6-)U8-:�?�� # 0.(#	 :�6OE � K�Q ���4 ��'
61� 
�#'! # 	�'	 �Y9� :�2V� E &< f���s�	 
S�	 

�*' &�*6� .�,�3+��S 
E ��'$9��' ���4 �	 �+�� (,7 0'$  h2
 ��6�Co2+ #Co8+�*' "(- "	'	 �Y�� ]��.[

�	
) � ��
�!�� G������
�� 
���4 !' �?#$% 
E ��'$9��' ���4 ��� > - ��HQ�* �E �?

M3(XO4)2.8H2O�$� ��' �	 	�'	 {O/2 I6M = Fe, Co, 
Ni, Zn, Cr, Mg  #X�� (�'62(-�E ; ,*�< �� $a�� ]��.[

�H-'	 �E ��� > - ��HQ�* � ,7Fe #P
E 	6Q ] 4$2 �	
:# ���4�*' �#$/� � ���# .���4 �E ��'$9��' ���4 :�?
 ��V$E��')Annabergite ( ������6? #)Hornesite ( (,7

�� U 8)2 (��S IF1�' # ���� (,?	)I#(S5(#"$H�% 
$�	��� �E &< ��� > - ] 4$2 Co95.4-0.1, Ni0.2-99.8, Mg 4.4-

0.1 �*' $  h2 UE�J)U8-�.(
�3b2 ���4 ��� > - :�?
�X��Q�� !' &�)� ��'$9��' :�?Ni, Fe, Zn ��' &�>HQ�* �	 

���4	�'	)I#(S�.("	'	 o�*'$E !' "(�< �*(E :�?���E 
��#$H8�' #�43�� 
�3b2#E 
�3b2
_#� SEM-EDAM $E 

e�E�?�6OE ^OH�� :�?:34$>2 ���'$9��' ���4 U8- :�'6�' 
$K�,NAs  #Co�*' ���4 ��' 
8Y- �	 )U8-:�? �M # A.(

 �&0�*�,- ���4 0�X�)� ��'$9��' #�E 
����� :�? ���� d? ��$H>�� &<$+�	]f[.
����������6��
	� ��+	��1 

�� > - I6�$��Co3(AsO4)28H2ONi3(AsO4)2·8H2OMg3(AsO4)28H2O

L�� 
M$* ��2�6K �2 �4� M$* ���6O? �*6C M$* �L�� d4 M$*

:!� C �*6C 
:$H�4�Q ( a* �2 	�! 3Y* ��Y * 3Y* L�$ E �( a* 

:�6OE U8- 
�%$%< �E �N�/- :�? 
8� � :' 
H-� # ��!6* �:�6),�

"��H*&6%)Stellate](K 
E �6OYH� $ c $)J # :�	6C 0�6
(,��� t�Q(

:' 
h 2 ��6H* # :' "�'6%$E ��N�/- 

�6OY2 dH� * P4:�6� P4:�6� P4:�6� 
M�)�+H��8-(
�#� �	 =6Q]010 [^ /j #]100 [#]102[
�#� �	 =6Q]010 [^ /j #]100 [#]102[
�#� �	 =6Q]010 [^ /j #]100[

�H�*)�?6�(1.5 - 2.5 �/���/��

FS #����,-# 
M� A6B* �	 :(��'#$� # �*�>�' 
> ��&�)Q�	 
> ����a- 

��a- 
> � �2 
�2 ��a- :(��'#$� �2 :' 
) - ��*�>�' 
> �

��a- 
> � 
:(��'#$����a- 


4�Q L�� �2�6K �2 L�$>4 M$* ( a* �2 L�$>4 3Y* �
�6X�� &!# g*6H� )g/cm3(s�/5s�/5��/�
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(OS��"��>- �����E ��5�� ��'$9��' ���u e�'( C # �*�,-�6OE ���$/�(Co3(AsO4)28H2O) �	 . . .���

83�MdH� * �9O9� �'	6>� M(AsO4)2.8H2O���4 (��S IF1�' 
4 �� &�)� '� ������6? # ��V$E��< ���'$9��' :�? !' 
�H�$%$E (?	]��[��E
�\3S 0'$  h2.

������ � R-� 
�OK' # ��$H>�� ��$ C6,*�<~, *�< 
��u ��$2 
��)� �	 �'	

 	#(T �2 
4 �*' "�	 ;���2 ��(/���'� &< ��!# (K�	 
U 8)2 ; ,*�< $X,N�*' "	'	 .��$ C6,*�< ���E �E �?

"	62 �"	$)�
�'	 # :'�� "(�	 :'6-��	 
4 (e�E :�?
�1B*"(- 	$Q # 
H�8- (�'.

"	$H�% 
,�'	 �	 ��$ C6,*�< # ��� T' g�'$- !' :'
g 1� �'(��C 0#�aH� 
H�( *' �E :�?�*')U8-�Z(�	 ��'

� /J6�$% �'$J =< # '6? �$/� �	 &'( �u' :�? 
E # 
H�
�� "( �4' ��%	!'6? 
B*'#(�6- .


%� ��� > - 
�3b2 "�	 ;���2 
�B,� ��$ C6,*�< :�?
(��'���Y4 $X,N �'��2��ss�C�CU8 � # l''�!' $H) E

�sss �C�Cl'	'	 &�)� .�� o�*' ��' $E ��$% 
b H� &'62
 !' �C ��$ C6,*�< ��HQ�* �	 	6S6� U� � # ���Yu 
4

%	!'6? ��$ C6,*�< �o�*'$E
BE'� $�! &6+E< "'$>? 
E
�� 	'!< I6O1� 0�6K 
E 0�a�6* # ~ ,*�< :( *'(�6- 

]����[.
)�(Fe(Co)AsS (aspy) +13/4O2 + 3/2H2O→

Fe2+ + Co2+ + HAsO4 + SO4
2- + 2H+

&�,7U8- �	 
4 ��� "(�	 ^�' g 1� �	 ���Y4 &6� 	6-
�2 &'( �4'pH!' $H>4 f# �*' t$1H� :$X,N ��6>/� 

��?< :�?( �4'#�( ? �� 0�a�6* &6� # 3,+,��'62,(]S6� 

&6� ��' � Y92 (�6-]��.[e���4' �#� ��' !'��$ C6,*�<-
�� '� ���Y4 $X,N :#�T :�? 
BE'� {YG &'62$�! $z� �	 

��$%&6+E< ( �62 
E $b,� 
4 �	 ���Y4 0�a�6* # :( *' :�?
� "	!'6? A6B*�	6-:

)�(4Fe (Co)AsS (aspy) + 13O2 + 6H2O→
4CoSO4 + 4H3AsO4+4Fe2++

���4' ��$) C �E # &��3>?e&6� &(- 	'!< # ��$ C6,*�< 
�&V#�( ?pH�� e?�4 g 1� (E�� .�� �B�'$- � ,7 �	 -

U 8)2 # $�! e,4'# ��zH�' &'62 '� ��'	�68*' 
�6��} ���4
 �-'	]�f.[

Fe (Co) AsS(s) +14Fe3+ + 10H2O → 14Fe2+ +
SO4

2- + FeAsO4·2H2O (scorodit) + 16H+ )5(
���4' M$� 
4 ����!ee?�4 ��$ C6,*�< ��(E�� �pH

# 
H��� e�'3�' �'(��C�� ��'	�68*' ���4 "(- #o�*'$E
BE'� 
$�!�� &�*$%	 &6+E< � ,*�< # � 26% 
E # 
H�8- 	6-:
)�(FeAsO4· 2H2O(s) → FeOOH + H2AsO4

- + H+

�	 
H�( *' e?�4 �E # &��3>?"$H�% pH��2f)U8-�
^�' (���Y4 0�Y 4$2 �E e,4'# �	 g 1� &6+E< :�? 0�,*�<

 
BE'� {YG$�! �	 ��'$9��' ���u �6OY2 # U �)2 
E $b,� 
�� "	!'6? A6B*(�6-:

)�(3CoSO4 + 2H8AsO4 + 8H2O→
Co(AsO4).8H2O (Erythrite) + 3H2SO4
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d�$4 �:6J:$?�z� ��C ��6C &'$�' �*�,- ���4 # �*�,-�6OE 
Ob� ���

83�L^�' (�� "(�	 ��'$9��' # ��	�68*' 
E ��$ C6,*�< ���*$%	 &< �	 
4 �C68*#$8 � kG���	6-.=(��$) C UT'$� !' "�'6T$G
"	�#'$� ( �62 # ��$ C6,*�< ���*$%	
�6��} :�? .Z(�'	6>�Eh-pH dH� * :'$E Co–As–O–H )"��>- � 7 gQ "	#(1� �(dH� * #As–

O–H–S–Fe)"��>- � 7 gQ "	#(1��(:��	 �	 
425°C�*' "(- d*� ��E ;� ��)� #.0�Y u$2 �zOcAs , ∑Co, ∑Fe, ∑S�	 
>? 
10-3 M �*' "(- 
H-'	 
+� �E�2 ]�f���[.
 T�����4 :�'(��C "!6T "(,?	 &�)� �+�� :�?�*' ��'$9��' # ��	�6�*' ���$ C6,*�< :�?.
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(OS��"��>- �����E ��5�� ��'$9��' ���u e�'( C # �*�,-�6OE ���$/�(Co3(AsO4)28H2O) �	 . . .��5

N$E "#FpH&6� � ��/� �:�?Ca2+#Mg2+g 1� �	 
&6� "(��'	$E�	Co "(- 
H��'	 $}6� ��'$9��' U 8)2 :'$E 

�*']��.[g�'$- 
E 
S62 �EEh-pH  :�'(��C t$H)� !$� #
��$ C6,*�< # ��'$9��' ���4 � E)U8-�Z('� $�! e,4'# �

����$ C6,*�< d �H�� e���4' :'$E &'62 :#�T :�? # ���Y4
0�,*�< # 0�a�6* &6� &(- 	'!< # ��'$9��' ���4 �6OY2 :�?

	$4 	��,) C '� &6+E<:
Fe(Co)AsS (Cob) + 39/12O2 + 25/6H2O→
1/3Co3(AsO4)2.8H2O(Erythrite) + 1/3HAsO4

2- +
SO4

2-+ 8/3H+ )�(
U8- �	 
4 &�,7��� "(�	 ZIF1�' # :�'(��C �	6- :$��C

g�'$- kE�2 3 � 	6Q ��'$9��' ���uEh-pH  �o�*' ��'$E ��*' 
�E g 1� 
E 	#(1� &'( �4' g�'$- �	 ���4 ��' :�'(��C "!6T

 
H�( *'��2f�*' .g 1� 
H�( *' 0'$  h2 
E ���4 ��' '��
 �	 ���4 ��' U>N �	 # "	6E o��T �� �EpH� ��C $2!'�#

!' $2��Ef&6� 
E $�! 
BE'� o�*'$E # "(- �'(��C�� ����Y4 :�?
�� 
�3b2 =< # &6+E< � ,*�< 	6-:

Co (AsO4).8H2O (Erythrite) → CO+2 + 2AsO4
-3 

 +
8H2O )�(

XHJ' _!�' 	6Q :	6Q 
E ��'$9��' ���4 &'6,N 
E ��' 	�'(� :	�
���4 �E��	� �	 ���>,?'� �	 �/ YG "$�� # ���Y4 :�?

 �*' 
H�� ��4 
E �E��$% :�?�����u]�.[���*�,- $E "#FN
�*�$E �
�B,� ��' �	 ��E � H��� :'$E ��'$9��' ���4 :�?

 ���4 ��' &	6E $%�*�,- !' "	�aH*' �>j 
4 	'	 &�)� $j�T
��6b C �	 �:(/E :�?�C ��'$9��' ���4 �%	!'6? # 
�3b2 (�<

 ��� > - 
�3b2 # �*' 
�B,� �	 	6S6� ��$ C6,*�< 
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