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1 Leptospirillum ferrooxidans 
2 Acidithiobacillus ferrooxidans 
3 Acidithiobucillus thiooxidants 
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Bacteria [numbers/g-sample (dry wt)] Depth[m] 

4.5×107surface 

1.1×1032.4–4.9 

1.1×1027.3–9.8 

1.1×10212.2–14.6 

1.1×10117.1–19.5 

1.1×10122.0–24.4 

not detectable 26.8–43.9 

Q!�)�:(�0�' �
 Ju��1 (���r)a( ����+S)b(��^

 ���S�]�@[.

5 Cyclical irrigation 
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 :0�� ��� :' �#

��
�' J��F0	:

��0��\\\' �� �b�\\\9B	 Q	�\\\� :\\\� Q\\\���R	 �\\\# 

:\\��3�\\#��\\1���9�\\1�'��=8�����\\�����+��\\1�

 ��9�1�'��=8���������= �8������� ��� v�9���1�0�7 

��
�'.

��0��' �� �b�\9B	 Q	�\� :\� S�\0�	 Q���	�= �#

:\\��3 �\\#��9�\\1�'�F7�1 ���\\1���9�\\1�'��= �\\#

��
�'.

:��3 Z�� :2# 8\	 (�\�	 ��\r ��\1� �\)'� �� �#

 �\�
�'  �� ���1��� � ��1��r :2";�1],i[.Q!\�

,�/�0��' �� ���w= g�=�0' Q\���	�= � Q\���R	 �#

 Y��	�� �
  
�F01� 
��	 �\	 (�"� �� �# �\#
 .��\�	 ��

 �"\\�9K)S��\\r/(�\\�� � ��3��\\1 t�\\<�� ��\\'

�0��' Y��	�� �
 �# ���� �����0��' P��A�7 �# v� �#

��
�3  
�F01� 8	 ���V.

Q!�),:(�0��' �%�!1�!�	 ���w=�R	 �#Q�� 

Q!�)/:(�0��' �%�!1�!�	 ���w= S�0�	 Q���	�= �# 

S��r)/: (>�?�= Z�� �
  ��  
�F01� �"� ���	 g���= 

Concentration(g/l) Component 

3.000 4 2 4( )NH SO

0.500 OHMgSO 24 7.
0.630 42 HPOK
0.100 KCl 

0.014 OHNOCa 223 .)(

Y��	�� ��\�V v\� {�\m ��  
�F01� �' P��A�7��' �#

:0�� ��� :' T�# �
/:2"\;�1 8\	 -\20<	 )j�\9B	

 T	�
 {�m �#@��@(�� t�<�� .:\r�= �\' X��	 :��2�

 YB' �# ���� �.�
 :')S��r6(��  
�F0\1� �\' � :\�)=

1� �\�� 
�\�'� �\= �!�\�
 ��/ii �\� 
�\m (��\!�	 .

:\\?Ub J�\\�92V �� �)r�\\= Q\\'�s Y\\B' 
�
 (�"\\� �\\�'

P�����)
��K,/�.�
 (����,g\���= :\�  
�\' Y	 

S��r �
 :��� ��7����	 � ����2��)@( �\�  
�
 (�"�

�1� .���\�  �\2V :\� 
�
 (�"� �1��� :��� R�7��� �\#

 �\\\\\\\\\�7��� +��F7�\\\\\\\\\1),,/i�\\\\\\\\\.�
 (�

����%�!7��)�o/i�.�
 (�\���% (�R\�	 Z�\�A2# �  
�'

 �1� :r�= Q'�s P�����)�i�.�
 .( J�\�7��	XRD�\' 

���� :� 
�
 (�"� {�m �� �0"\�' :\��2� �
 :9b�' �#

���!�\\\\\\\\\	 _�\\\\\\\\\�9��)( )21032 OHOAlSiAlK(+

R=���\\\�)2SiO (�\\\��9� �( ) ( ) ( )101046 , OHOASiMgFe 

�	���' .���� SL��� ��9'�s :� �<�� �� �
 ��F7�1 �#

 �	 �B1 ��1� ���	 Y\B' :\!��� :\' :r�= �' � ���'

 T�# �
 :0�� ��� :' P����� �� �)r�= Q'�s/��F7�\1 

�\\	 �\\1� �\\' (��\\= �� Y\\B' Z\\�� P\\��A�7��' �\\����� 
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�2� `��B01�.

S��r)�:(:?Ub 
��'� ��' :��2� 

Cu 
(%) 

Content 
(wt%) Weight( kg) Size (mm) 

0.38 8.33 141.9 +25.4-50.8 
0.27 26.21 447.6 +12.7-25.4 
0.37 18.64 317.6 +6.73-12.7 
0.44 24.11 410.8 +1.68-6.73 
0.56 22.71 386.9 -1.68 

S��r)@:(:��2� ��7����	 � ����2�� g���= 

Content 
(wt %) Mineral Content 

(wt %) Component 

0.164 CuFeS20.4188 Cu 
0.216 CuS 4.98 Fe 
10.04 2FeS 1.729 S
0.165 ZnS 61.75 2SiO 

88.733 
Non-

Metallic 
minerals 

19.04 32OAl

(8(83���! A)�B C����D E

(
�\' g\1��	 (���\7 X��\c Y��\	�� ��  
�F01� �'

 J��\. :\' ���\��0��' ���\���� t�\<�� �\)r P�����

 �\	 �B"\	 �=�	�?	 �\	 Z�\�A2# � 
�\� ��[�\= (��\=

 �  
�\� �1��' �� �'��!�	 ������� �
 �90B	 Q	��V

 ���?	�
 :�7�� d��0� (
�' �Ue	 J��. �
 �03�R' �#

 �01 ����	 �0	���\% ��\0��� � (�� �[�\	 � �=�\�92V �\#


�2� �1��' .

Y��	�� �!�� ��=�'�!�� �
 �# �\'�[ �V�\1 �\' � ��


�6@�\\� t�\\<�� :\\?�s
 �\\' ��
 .�\\# t�\\<�� (�\\	� J�\\	

 Y��	��/i
�' ��� .Y��	�� ��\1� �' P��A�7��' �#

 a�bL27���� �K��b �;�3�= )S��ro(d�\% Q	�\� :�

 ��1 :1 �
 ��0���
�' .a��\1 � Q?0�\	 �0	���\% d�%

 S��r �
 �)�� :' j�'�	)�(�0	���% +�1�  ��  
�
 (�"�

Y��	�� �)0�� �
 �'����' (�R�	 :0�'��
�' �#.

Q\\.��� �
 +P\��A�7��' �\����� ���"\�% �'�\���� ���\'

 �B"\	 ���	�pHY���\�� Q��\��0% ��T\7�% Y#�\�

 �\	 �\U[ � ��3  ����� v�\]�= ���\' +�\�pH�� T\7�%
 

1 Shaking Flask Test 

�\' ��
�\<	 (� ���\?	 �  
�F0\1� >\�s� _���F7�\1 ��1�

�	 v�]�= :�7�� ���?	 ����
�3 .

S��r)o:(��0��� �"��	�� a�b :' j�'�	 a��1 � �# 

Surfaces Factors 

50 4032)( CoTemperature 
1.8 1.5 1.2 pH
CBAinoculation 

0.012 0.005 0)(2 MFe +

0.012 0.005 0)(3 MFe +

�

L.f T.t A.F Inoculation (%) 
20 4040A
20 2060B
60 2020C

S��r)�:(a�b �' �����0��' P��A�7 Y��	�� ����� L27
�;�3�= 

[Fe+3]
M

[Fe+2]
MInoculation p

H
Temp
(0C) 

Test 
NO. 

00A1.2 321
0.005 0.005 B1.2 322
0.012 0.012 C1.2 323

00A1.5 324
0.005 0.005 B1.5 325
0.012 0.012 C1.5 326

00A1.8 327
0.005 0.005 B1.8 328
0.012 0.012 C1.8 329
0.012 0.005 A1.2 4010

00.012 B1.2 4011
0.005 0C1.2 4012
0.012 0.005 A1.5 4013

00.012 B1.5 4014
0.005 0C1.5 4015
0.012 0.005 A1.8 4016

00.012 B1.8 4017
0.005 0C1.8 4018
0.005 0.012 M.thermophile 1.2 5019
0.012 0M.thermophile 1.2 5020

00.005 M.thermophile 1.2 5021
0.005 0.012 M.thermophile 1.5 5022
0.012 0M.thermophile 1.5 5023

00.005 M.thermophile 1.5 5024
0.005 0.012 M.thermophile 1.8 5025
0.012 0M.thermophile 1.8 5026

00.005 M.thermophile 1.8 5027
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(8.8C����D ��>	 ��1E

Y��	�� �0��\. �\7�K �\' >\�U�= ��\' ���01 �#

 	�
 � T�# �� �7�	 ���� R�� :	���' T.>\�?�= Z\�� �


 ��F=�� :' (�01 d�% ��,ii �0��1 �9m�
 ��s � �0	�/�/ 

�0��1 +�\�
�'  �\� :0m�1 �L3 ��!9% 8�r �� :� �0	

�\\�  
�F0\\1�)Q!\\�6.(����\\� �
 (�0\\1 �\\# ��\\�

S��r)�(�1�  ��  
�
 (�"� .(�0\1 �\	
)�(�
@i

�0��1 :r�
 (�01 �?'�	 � 
��3 �
 �# 
��	 ���	 �	


 �\��3 ���\s �1��' .(�0\1 �
 �\	
 :\' j�\'�	 �\#

��\\�	)Co,@ (�0��\\' j�\\9B	 �� Q	�\\� Q\\���R	 �\\#

��1���= 8�����\�� ��� ��9�1�')6i�\.�
(��\1� +

�\\�= ��9�\\1�'��=8�����\\��)6i�\\.�
 (v9���\\1�0��7 �

8����������),i�.�
 (�\	
 :\' j�\'�	 (�01 �@i

�0��' �� :r�
 �\�  
�F01� S�0�	 Q���	�= �# .v�\]�=

 (�01 Qm�
 �	
 J��\. �\7�0�� v0�\�1 _\� �\1�=

�	���3 .Q\m�
 �0��' ��7��� � ��� �� ��3�9r ��'

(�01 S���\0	 SL\K �\' S�\2�= �� ����2�\� P��A�7 �#

 �\�  
�F01�)W
V

@.(% �\93� �\' J��n (�\�  �\	 ��\1�

Y��	�� �]9^ �'  �� t�<�� �#�6i ��\1� �\0�7 �' t�3 

�� t�<�� .SL��� Q	�V Y��% ��')_���F7�1��1� (��

�\1� v�\]�= Q\'�s (� Y\��% �\'
 :\� _�07�0���% T2%

�\\�  
�F0\\1� .(�0\\1 t�\\2= 
��\\	 �
 Y\\��% �\\'
 �\\#

hm
L

.2
�,//�\� :0��3 �]� �
 .�\'
 
��\	 �
 �#
��\# 

(�01 �\�' �\# P\��A�7
min

cc ,ii Z���\% �� � :U\1��	 

��  ��	
 (�01 .pH�"��% S�9�	 @/�:0��3 �]� �
 

Y��	�� t�<�� (�	� J�	 � �� �#h@
�' ��� .�\�; �\#

��U!� ��� pH�ORP  ���\�� �\r��m S�\9�	 � �\�3

  ����� �)r 8\	 � Z\#� �\]9^ �\�3cc@i :\' S�\9�	 

��
�3 S�1��  �*"��	��.

1Column Test 

S��r)�:(Y��	�� ����� � ����2�� P��A�7 ���01 

�����0��' 

Column
NO.  Process Agglomeration Temp 

(0C) 
1 Bioleaching Yes 50 
2 Bioleaching Yes 25 
3 Bioleaching No 25 
4 Leaching Yes 25 
5 Leaching No 25 

Q!�)6:(2�(�01 �� ��� � ����2�� P��A�7 �#

�����0��' 

.8�0�� %�4;< ) F��� �G��� �1

J�?�?�= >'��1 :' :r�= �']���i���[�0	���% �\#

 �\\���	�[�	pH�\\]9^ +�\\	
 +3+Fe �\\]9^ +2+Fe ��\\?9=�

 :��)' ��' �����0��' +:\	�
��
 :\� ���\� ~�\B0�� ��\1 

�	 Q�9�= � :x��� YB' �# ��  �	� �1�' d��0����� .

.8*8��H�< pH

Q�7
 �
 :'pH�\2)	 Y?� P��A�7��' �#������ �
 

�	 �F�� ����� :Y���� �� ��[�= �\*�
 � ����2�\� �#

  
���	 
�<�� �0��' :� �90B	 �# g\7�^ �\90B	 �#
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��0�#],�[.�0��' :2# 	 ������� �
 :� ���# �\'��!�

 �\\	 ��\\� :\\'  
��\\�	 �
 �\\���pH��\\1� )@//�,/�(

�\\���
 �\\�7���],,[.+�0��\\' �\\�7��� �\\'pHd���\\= :\\' 

�\\	 Y#�\\��\\'��.S��\\r )h(P\\��A�7 �=�\\�92V ����\\�

 �� (���\\7 X��\\c �)"\\��	�� t�\\<�� �\\b �
 ���\��0��'

 �	 (�"��#
 .J�����= Z��0"�'pHQ!\� �
 �	
 �# �
 

)@(1�  �� :x����.+�0��' ��7��� �' �90B	 �#�	
 �


pH �\\1� :\\0��� Y#�\\� d���\\= :\\' .�� Q\\.�K d��\\0�

Y��	�� Z��0U1��	 :� �1� Z��  ��#
 (�"� �#pH��' 

 
�F0\\\\1� 
��\\\\	 P��\\\\��� �� 8\\\\	 `��B0\\\\1�,/�

�	���' .�
 :0U7�pH�#@/���/�8\	 `��B0\1� R\�� 

�	 :]KL	 Q'�s���'.

.8(8��# ��H�< 

�'�0� �\���
 
�'��\� _\���7��' SL\��� �
 :� ���#

 :\' �
�\s �\.�m �\=���K :�	�
 �
 �0��' ��� :' :0�'

 ��F7�1 Y����� �	 �#����' .�0��\' �=���K :�	�
 �\#

 Q���R	6i�,i�0��1 :r�
 �0��' +
��3 Q\���	�= �\#

 S�0�	@@�66�0��1 :r�
 �	 
��3 �\��' .�\9V :\' :\0U7�

 �� +
��� ���=  �"� ���1��� �)�� ��' �?9�	 :��)' ���

 �0��' Q� �
 �	� �\	
  
���	 �
 Q���R	 �#/@�/i

�0��1 :r�
 �0��' � 
��3 S�\0�	 Q\���	�= �#6@�6i

:r�
�0��1 �� ��F7�\1 :��� SL��� ����� Z��0)' 
��3

 �	 ���
����' .�\)�= 8�����\����� ��9�\1�'��= �0��'

 �� �02� �	
 �
6i�\1� ��� :' �
�s 
��*�0��1 :r�
 

�	
 �6,�	 (� ��7��� (�� �s�0	 �V�' :r�
 

�3 .

��9�\\1�'��= �0��\\' �\\�� ��\\' :\\��)' �\\	


 8�����\\\����=/i�0��\\\1 :\\\r�
 �0��\\\' � 
��\\\3

 8�����\\�� ��\\� v�9���\\1�0�76,�0��\\1 :\\r�
 
��\\3 

�	���'],/,,,[.�\	
 Y#�� �' +�0��' :��)' ��� ��' 

�0���'pHZ�x�% Z\�� :\0U7� :\� 
�\� :0��3 �]� �
 �=

pH �0��\' �\�7��� ��' �3���� ��)	 ��.�m 
��
 �\# .

� �\\	
 ��[�\\=pHP��\\��� �� 8\\	 �\\�7LK �\\�9'�s �� 

Q!� �
  
�F01� 
��	)o�a(�1�  ��  
�
 (�"� .d��0�

 Y��	�� �� Q.�K �\	
 :\� �\1� Z\��  �\�#
 (�"\� �#

  
���	 �
 :��)' `��B0\1� ��\' Y��\	�� 
��\	 �	


 �0��' ��  
�F01� �' 8	 �\	
 Q\���R	 �\#/,:\r�
 

�0��1 �0��' ��  
�F01� �' � 
��3 S�\0�	 Q\���	�= �\#

@i�	 
��3 �0��1 :r�
 ���'.

S��r)h(:X��c �
 �����0��' P��A�7 �=��92V ����� 

(���7 

0.5

0.8

1.1

1.4

1.7

2

0 5 10 15 20 25 30 35
Time(day)

pH

Test 9 , T=32 Test 17, T=40 Test 19, T=50

 
Q!�)@:(J�����= Z��0"�'pH�	
 �
 /,+6i�@i

�0��1 :r�

��3 

pHTest 
No. Average Max Min 

1 1.24 1.36 1.05 
2 1.22 1.35 1.05 
3 1.18 1.23 1.06 
4 1.49 1.58 1.40 
5 1.45 1.54 1.35 
6 1.31 1.50 1.23 
7 1.65 1.80 1.48 
8 1.56 1.80 1.50 
9 1.41 1.80 1.23 

10 1.26 1.40 1.06 
11 1.25 1.44 1.00 
12 1.29 1.58 1.05 
13 1.50 1.70 1.30 
14 1.46 1.68 1.15 
15 1.41 1.50 1.14 
16 1.54 1.80 1.10 
17 1.64 1.82 1.20 
18 1.61 1.8 1.25 
19 1.25 1.49 1.13 
20 1.26 1.34 1.10 
21 1.30 1.41 1.12 
22 1.55 1.69 1.50 
23 1.51 1.60 1.47 
24 1.56 1.73 1.50 
25 1.72 1.82 1.61 
26 1.71 1.75 1.62 
27 1.78 1.93 1.65 
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.8.8%��9� ��H�< pH��# )

Q!�)o�b(Q'�?0	 ��[�=pH�\	 (�"� �� �	
 ��\#
 .

�\	
 �
 �1� �B"	 Q!� �
 :� ��b (�2#/,�6i

�0��1 :r�
 �0��' ��  
�F01� �' � 
��3 � Q\���R	 �\#

 �	
 �
 Z��A2# @i�0��\' ��  
�F01� �' � :r�
 �\#

 �
 g\�=�= :' Q���	�=pH�\#,/�+@/���/��'�\���' 

�\1�  
�\' �0"\�' 8	 .�
 Q\� �
pH�\' �\'��' ,/��

�	
@i�0��\' ��  
�F0\1� �\' � :\r�
 Q\���	�= �\#

 S
��	 �'����' Z��0"�' S�0�	@/���� Q.�K �.�
 .

�	  �#�"	 :���b (�2#�' 
�� ��[�\= +�	
 Y��R�� pH

�'�\���' :9\.�� :\� ���'  
�
 (�"� �� 
�m v\# �� �\#

 �1� :0��� Y��R��):��b �
 (�!�% .( �
 ���R�\' ��[�= �	


 �0��' ��7��� �\	
 �
 :\� ��\�' 
��
 �\#6i:\r�
 

Y��R�� �' 
��3 �0��1 pH�0��' ��7��� :\0��� Y#�� �#

 U�
 :' �� �'����' Y#�� :<�0��
 ��\1� :0��
 S�)�\)r

Z�; �m (�!�%.(

.828��H�< Eh
(��1������ Q����0%�Y<�\1 ��\' ��\��	 +��K�

 � �\1� (��\0!7� (
�
 �\� Z0��\3 ��\'  
�\	 _\� Q��2=

(�\\� �U�\\� X�\\�	 ��\\� :\\' _\\��� �\\#)2
3

+
+

Fe
Fe (

�1�],,[.:9�\1� :\' ��\� Z\#� (��1����\�� S�\b �


 +�0��'Eh�\	 Y��R\�� d���= :' ���	 �\'�� .
��\	 �


�0��' �
 ($��\�� �\�7LK Y#�� Q�7
 :' Q���	�= �#

 +u�\' �\	
 Eh �e���\K +��\�	oii �\9�	 �
 � �\7�

 �� �=u�\' :' ���?	 Z�� Q���R	 �#�0��' 
��	�ii �\9�	

 �	 R�� �7��1�],,[.Q!�)�(J��\���= g�=�= :'Eh��

�	
 �
/,+6i �@i�0��1 :r�
 �	 (�"� �� 
��3 �\#
 .

�	
 �
6i��m�\= _\� �0��' ��7��� � ��� �
 :r�
 

�1�  
�0�� l�F=�)
��K�i��� (�\	 :\� :\' �� (� (��\=

 ��\\1� �0��\\' ��\\' �\\	
 (
�\\U� g\\1��	 gU\\1�\\�=-

8�����\\����� ��9�\\1�')A.f(��\\��
 .(�\\; �\\��b ��

 8���������� v9���1�0�7)L.f(��� ��7��� :' �U�� �=

 ��\1� �\�= 8�����\\����� ��9�\1�')A.f(
��
],,[�


�1� :0��3 J��. ��m�= :<�0�.

.878,1D ��H�< 

�\	� �1� t�u ����2�� Y���� ��' ��F	 ���' +Z#�

 �\�7��� �
 �[�\	 �#��0��� :' :0�'�� +���� 
��	 �]9^

�0��' �1� �#]��[.Q!�)�(� Q\� Z\#� �]9^ J�����= �

�	 (�"� ������ �b �
 �\#
 .Y��R\�� Z\#� �\]9^ ��\0'�

 �0��\' �\�7��� ���\� �� �\�' �=�\	 �� 8\% � :0��� �\#

 �0��' �1�= v0��1 �
 Z#� �]9^ �1�  �� S�0�� �# .

�\	
 �
 Z\#� �\]9^ S�0��@i��  
�F0\1� �\' � :\r�


�0��' �\1� :\0��3 J��\. �0)' S�0�	 Q���	�= �# .

' Z\\#� �\\]9^ Y��R\\�� Q\\�Us �� �=L!"\\	 ���\\' �\\V�

 �\��
 �\#��m �\% �
 �� SL��� Y#�� � Z#� R�7����# .

�0��' -s�� �
 8�\1� _\��� :\' ��\� Z\#� Q��U= �' �#

S�0�� Z#� �]9^ ��� :' _��� Z#� (�� Q��U= �  
�\2�

Z#� �]9^ Y��R�� �� �	 ��3�9r����.

Q!�)o:(� �	
 ��[�= pH)a(��[�=�Q'�?0	pH�	
 �)b(8	 SL��� �� �'
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.8J8��H�< 2+Fe �� %��9� �H� )pH
�0��' �� �� 
�\m �\�� ��\' ��\�� 
��\	 ���� +�#

 �\	 �1�' ($���� :' ��� Z#� �� (��0!7� S�?0�� �\���� .

�\	 �� �0��\' ��\' ��\�� -'��	 �� �!� -s�� �
 (��\=

 ����
 ��� J�F7�1],6[.Q!�)h�a(��[�\=2+Fe �
 �� 

�	 (�"� 8	 SL��� SL\��� ��\� Z\#� ��f\K �
 +�#


 �1� :0��3 J��. �0)' 8	.Q!\� )h�b(Q\'�?0	 ��[�\=

pH �2+Fe �\	 (�"� 8	 SL��� �
 �� �\#
 .�\	 (��\=

 �
 ���3 :<�0�pH:\' ��� (�� (
�� :���� Z���% �#

�[�= v0��1:' :' �U�� �����; �PH
���\� u�\' �#.�

Y��R�� �' Z��A2#pHY#�\� �V�' ��� Z#� ��  
�F01� 

�\	 �'����' �\	 ��  �\��% Z\�� :\� 

�\3 gU\1 :\' (��\=

����
 ��� J�F7�1 R�7����#.

Q!�)�:(�	
 �
 Z#� �]9^ J�����= ��
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.8K8��H�< 3+Fe 

Q!\\� �
 )�i�a(�\\����� ���\\' _\\��� Z\\#� ��[�\\=

 �1�  ��  
�
 (�"� �����0��' . �#�"\	 :\� ��b (�2#

�	 �	 �]� :' 
�� ��\�' _\��� (�\� (
�\� :���� �1�

 _\\�=�2�R�� �\\�7��� �
 SL\\m� 
�\\<�� �\\V�' v�?0�\\	

tR���3����!�	 �\1� :0��� Y#�� SL��� ��9'�s�  �� �# .

:'  
�1 (�'� +v0�\�1 :\' _\��� Z#� (
�� :���� �' �=

 �� � :0\���� �� _\��� :' ��� Z#� Q��U= :' Q��2= �0��'

 �\�=�3 ~�1� � :0��� Y��R�� S�9�	 �
 ��� (�� ���b

�1�  
�
 z�.����2�\� �������
 :!��� XLm�' :<�0� �


 �\	  ���\�� (���V :' _��� Z#� ��  
�F01� �[�\	 �\���=

 � -s��  ���\�� :\' ���\��0��' P\��A�7 
��\	 �
 �\7� +
�

 
�w0s� �]� �� Z��A2# � ���� �[�	 ����2�� P��A�7

�1� :r�= Q'�s ����	 Z�� R��.
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.8L8%��9� ��H�< pH)3+Fe 

Q!\\�)�i�b(Q\\'�?0	 ��[�\\= pH�3+Fe (�"\\� �� 

�	�#
 .�	�
 _\��� Z\#� ��  
�F0\1� ���3 :<�0� (��=

pH ��  �\��% Z\�� �  �\� �'�\���' Y#�� �V�' u�' �# 

�	 ��\��
 _��� J�F7�1 R�7����# gU1 :' (��= .(�\2#

 J�F7�\1 ��  
�F01� t�V �1� �B"	 Q!� �
 :� ��b

 �
 �� SL��� Y��R�� +_����%�1� :0��
.

M8N8O�94< ?P�� ��H�< 

�0��' ��?9= +���r J��92V �� ����' �
 T\�# :\' �#

 �\\)0�7��� ���\\)*� �\\� ���\\� :\\' _\\2� ��\\]�	 :\\'

�����0��' J��. �\	 
�\�3 .J�\�92V ���\1 �
 ��\�	 �\#

 �0��' ��� ��' g1��	 ��\?9= �  �� 
�<�� T�# �
 �#

 �2� J��.
��3 .�' J��92V �
�:\��*A�# 8\	 P\��A�7

 N��R\3 ���\��0��' ��\?9= �[�\	 �\�x�= �\' ��U	 ����R3

 �1�  �"� .�0��\' �\�7��� � ��3��1 :\' T\�# �
 �\#

 �	 
�U)' (�	� ���	�'�� .�0��\' ���\���= :' ���' �
 �\#
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�
 N���% �\#

#��� �� ��3��1 Z�� (�!	�  �*"��	�� �
�2� v���]�[.

Q!\\� :\\' :\\r�= �\\')��(��\\?9= �U�\\� A
��\\	 �


�0��' �7�K ���0)' Q���R	 �# B�C�\	 �\��' .:\0!�

 �0��\' �� ���\� ���\?	 
�\r� :\� �\1� Z�� :r�= Q'�s

 Q��U= �
 �0"�' ��[�= (��������� ��9�1�'��= ��1�

 �� �9\.� Y?� �9� ��b :' � :0��
 �� _��� :' ��� Z#�
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�\�

 ��?9= �U��C��9�\1�'��= ��\1� �0��' �.�
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��\?9= �� �02� (��������� A�BZ���\% �'�\���'  
�\' 

�1� :0��
 S�U��' �� �=.

Q!�)h:(��[�= ��
�2�2+Fe)a(Q'�?0	��[�= �pH��� Z#� �)b(8	 S�w�01� �


Q!�)�i:(��[�= ��
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Q!�)��:(8	 S�w�01� �
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.8*Q8C����D F��� ��>	 ��1 

Q!\\�)�,(J��\\���= ��
�\\2�pH�� �\\r��m S�\\9�	 

(�01 �	 (�"� �� �#�#
 .�	  �#�"	 :� ��b (�2# 
��

pH ����2�\� P\��A�7 �\����� :' j�'�	 �r��m S�9�	 

:\\� +�\\1� �=u�\\' ���\\��0��' P\\��A�7 �\\' :�\\��?	 �
 

(�"�  �\�#
 P\��A�7 �\����� �
 ��\1� �0"\�' X�w\	 

�1� ����2�� .����� �
 :� �=��. �
 Q�7�\' �����0��' �

�0��\' �1�= _���F7�1 ��1� ��7�= ��\1� X�w\	 �\#

�1�  
�' �02� .

J��\���= :���?	 �'pH(�0\1 :\' j�\'�	 �\#6�@

�,�/�	� ����2�\� P��A�7�
 (��1��	�93� Y?� (��=

 �� ��1� X�w	 �� �' �����0��' 

(�R\�	 (��1��	�93� t�<�� �' :!����' +
�2�  �#�"	

 1� X�w	 �1�  �� �02� �� .Q!�)�/(J�����= ��
�2�

ORP (�01 �� �r��m S�9�	 �
 �\	 (�"\� �� �# �\#
 .

J��\\���=ORP(�0\\1 �
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 ����2�\\� P\\��A�7 �\\#

 �7�\K �
 Z\�� +�\1� �\02� ���\��0��' P��A�7 �' :���?	

 :\\� �\\1� ORP �\\��� ���\\��0��' P\\��A�7 :\\' j�\\'�	

 �� � �\��  �\�#
 (�"\� :\� :0��
 �"��R�� �[�\	 �\�7�

�0��' �	 �#���'.J�����= :���?	 �'ORP :\' j�\'�	 

(�0\\1 �\\#,�/�\\	 �
 �� (��\\1��	�93� Y\\?� (��\\=

 
�\2�  �#�"\	 �����0��' P��A�7 .��\b :\' �� 8\% :\�

 �=�	ORP (�01 :' j�'�	 / ���% Z�� :� :0��� Y#�� 
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Q!�)�,:(J�����= pH(�01 �� �r��m S�9�	 

Q!�)�/:(J�����=Eh(�01 �� �r��m S�9�	 �#
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(�01 �����0��'� ����2�� P��A�7 �# 
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 ���3 t�<�� (��1��	�93�
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(�0\\1 Y��\\	��)�(�\\' � ���\\��0��' P\\��A�7 :\\' j�\\'�	
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 �
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 �
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�F0\1 � Q\���R	 �\#
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Q��\��0%Y���\\���Y#�\\� DD �\\���
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11 Redox Potential 

/�h +��1� �7� �9�	 .J��\���= :�\��?	 �'pHj�\'�	 
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 (��\1��	�93� Y\?� (��=

 �� ��\1� X�w\	 �� �\' �����0��' � ����2�� P��A�7
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S��r)�i:(Y��	�� t�<�� �b�
 �����0��' P��A�7 � ����2�� P��A�7 �=��92V ������#���01 

ORP (mV, Ag/AgCl) pH No. Column 
Average Max Min Average Max Min 

1 603 704 416 1.7 2.1 1.2 
2 650 717 400 1.6 2.1 1.15 
3 600 710 400 1.87 2.35 1.35 
4 389 411 370 2.1 3.05 1.52 
5 381 416 350 2.79 3.76 1.74 

28R�#�����S) �6�� ��T 
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It is well-known that the rate of chemical leaching of 
copper sulfides in limited.  So, the important question is 
whether a mixture of  Fe-S oxidizing bacteria can be used 
to increase the copper recovery from this part of ore and 
what are the optimum conditions? Therefore, this study is 
aimed at studying the influence of important parameters 
such as pH, Fe+2 and Fe+3 concentration and to determine 
the optimum operating conditions for increasing copper 
recovery from Sarcheshmeh low grade heap 3 ore. Using 
Taguchi method design, shake flask tests were designed 
and performed in addition to column tests. From the results 
of these experiments it can be pointed out that copper 
recovery can be increased to about 90% under optimum 
condition. Compared to the results of chemical leaching, 
copper recovery by mixed mesophiles is increased about 
30% and that by moderate thermophiles about 40%. 

 
All rights reserved.


