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1 Leptospirillum ferrooxidans 
2 Acidithiobacillus ferrooxidans 
3 Acidithiobucillus thiooxidants 
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�� �' ���01 
�# � ��� :\0� T\�# �
/

�1� :0��3 ���s �1��' 
��	 :2";�1 8	.

(8:�9;< =)� ) #�>� 

(8*8?�� @�;� ) ��
��� 


�0��'  ��\3 �
 �� >\�?�= Z\�� �
 :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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��\\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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�F01� �' � 
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�0��\' ��  
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 S
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 Y��R�� pH
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Y��R�� �' 
��3 �0��1 pH
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 S�)�\)r
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.828��H�< Eh
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 � �\1� (��\0!7� (
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 �\� Z0��\3 
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�\	 _\� Q��2=

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

+
+

Fe
Fe (

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


��7����	 � ����2�� R�7��� :\' P����� :� 
�
 (�"�

 T\�# �
 :\0�� ���/���\� �� �b�\9B	 � 
���\�� 
�\#

 
���
 :\\� 
��F7�\\1,/i%� 
��F7�\\1 Y\\B' �
 8\\	

��/i%�\\	 
���\\�� Y\\B' �
 8\\	�\\��' .���\\� 
�\\#

 Z�\�A2# �  
�\' �\���%�!7�� � �\�7��� �U7�^ 
��F7�1

 
��\\\K �
 �\\\���% (�R\\�	�i%�\\\	 
��\\\' :\\\� �\\\��'

 �����0��'������ �	 :r�= Q'�s���' .Y��	�� t�\<�� 
�\#

 (�"� (���7 X��c �
  �� _\��� Z#� :� 
�' Z��  ��#


 ��  
�F0\1� �7�K �
 +�"� -s�� �[�	 �����0��' P��A�7�


 �\V�' �  �\� -\s�� �[�	 �����0��' P��A�7 �
 ��� Z#�

 �\� �'����' Y��R�� .
�0��\' ��  
�F0\1� Q\���	�= 
�\#

 	 �' :���?	 �
 S�0�	 �'����' �0"�' Y��R�� �V�' Q���R

 �b :'  �� 8	 
�0��' ��  
�F01� �' �'����' :� 
� 
�\#

 ��?9= �U�� �' Q���R	A
�\	
 �
 �/,�0��\1 :\r�
 -


��\\3�o
�0��\\' ��  
�F0\\1��' � �\\.�
 Q\\���	�= 
�\\#

 
�	
 � S�0�	@i:r�
 �h�\� �\.�
 .pH�\'��' ,/�

���
 S�U��' �� �'����' Z��0"�'.

�Y��	�� d��0 �\����� �
 :\� 
�
 (�"\� ���0\1 
�\#

 
�0��\' ��  
�F0\1� �' +�����0��' 
�\	
 � Q\���R	 
�\#

 ���	)0C,@ (��\�	 
�\	
 � ����2�� ������ :' �U��

 
��K �
 �'����'/i� �.�
 
�0��' ��  
�F01� �' 
�# 


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

�\\1� :0\\��
 Y��R\\�� �\\.�
 .� ����2�\\� �\\����� �


 �
 ���R�\\' ��[�\\= (��\\1��	�93� ��  
�F0\\1� ���\\��0��'

 `��B0\1� z�\� �\)�= � 
��\� (�"\� ���)� �'����' Y��R��

 {�\m �\' :�\��?	 �
 �\02� ��\1� X�w	 (�R�	 � �=u�'

���
 S�U�
 :' ��  �	�93� (��'.

��\� :\' P��\��� :\!��� :\' :r�= �' T\�# �
 :\0��/

������ �b�9B	 :\' :\r�= �' � 
��F7�1 � 
����� 
�#

 �'�\���' ��*2"; Y��R��)
��\K/i�\.�
 (�\����� �\'

 �\	 ���	 
�	
 �
 �����0��' v0�\�1  
�F0\1� �\' (��\=

 �F�7 �
 �#
��# g\1��	 j�9B	 ��  
�F01� � 
��' 
�#


�0��\\' �\\1
 T\\�# �'�\\���' Y��R\\�� :\\' Q\\���R	 
�\\#

����)Q!���.(t�\<�� �� 8\% T\�# 
�\	
 :\� �r (� ��

Y���� 
u�\' :' T�# Qm�
 
�#6i�0��\1 :\r�
 � 
��\3

 �= ��f�'@i�0��1 :r�
 �	 R�� 
��3 �\	 +�\1� �\' (��\=

 
�0��\' j�\9B	 (
�\� :���� Q\���	�= � Q\���R	 
�\#

 
�0��' ��0'� +:� J��. Z��' +S�0�	 ��7��� Q���R	 
�#

 	 
�\	
 �
 �� 
�m Y��R\�� �� 8\% �  
�\� ��\^� ��\�

 T�# Qm�
 
�	
)Y�\��� Q�7�\' ��f\K +����2�\� 
�\#

 ���� � ����% ��^ 
�#
R9� (
�0��' ��7��� Q\���R	 
�#

 
�0��\' :\' �� 
�\m 
�\r �  �\� :01�� Q\���	�= 
�\#

 &	 S�0�	 v#��\� �� ����2�\� T\�# �'����' Y��R�� +��#



�2� .!	� t�V J��. �
 +�*�
 
�1 �� �
 �#
��\# (�

�\\	 ����\\0'� �\\F�7 � �\\0���% {�\\m ��  
�F0\\1� �\\' (��\\=


�0��'  ����� Q	�V Q���R	 
�# )_��� Z#� (� �\�7�= ��


�� Y��% T�# 
�� �')Q!���.(



�.����� 	�
 ��.�
����...;����� �������� ������ � �� ! 	��"� �#�� 	��
 $)&'(((��*�+&,�-'&

��

Q!�)��:(�'����' Y��R�� 
��' 

�)�"�% 
�2� T�#/

Q!�)��:(T�# �'����' Y��R�� 
��' 

�)�"�% 
�2� /

�T��� 

[1] M. Ranjbar, M. Schaffie, M. Pazouki, R. 
Ghazi, A. Akbary, S. Zanddevakili, S.A. 
Seiedbaghery; "Application potential of 
biohydrometallurgy in the Iranian mining 
industry", Advanced Materials, (2007), 38-41. 
 
[2] Z. Sarcheshmehpour, A. Lakzian , A. 
Fotovat, A. Berenji, G. Haghnia, S. A. Seyed 
Bagheri; " Possibility of using chemical 
fertilizers instead of 9K medium in 
bioleaching process of low-grade sulfide 
copper ores",Hydrometallurgy 96, (2009), 
264–267. 
 
[3] P. Devasia, K.A.Natarajan; "Bacterial 
leaching biotechnology in the mining 
industry", (2004), 40-49. 
 

[4]   D.E.Rawlings, D.B.Gohnson, "Biomining", 
(2007), Springer. 
 
[5] J.H.Todd, N.Holder, T.Stanek; 
"Thermophilic bioleaching of chalcopyrite 
concentrates with GEOCOAT process", jour. 
Alta 2002 Nickel/Cobalt 8 - Copper 7 
conference, perth, Australia,1-19. 
 
[6] H.R. Watling; "The bioleaching of 
sulphide minerals with emphasis on copper 
sulphides — A review", Hydrometallurgy 84, 
(2006), 81–108. 
 
[7] G.Petersen, D.G. Dixon; "Competitive 
bioleaching of pyrite and chalcopyrite", 
Hydrometallurgy, (2006), 40-49. 
 
[8] P.Devasia, K.A.Natarajan; "Bacterial 
leaching biotechnology in the mining 
industry",(2004),40-49. 

 



�.����� 	�
 ��.�
����...;����� �������� ������ � �� ! 	��"� �#�� 	��
 $)&'(((��*�+&,�-'&

	� 

[9] G.Leduc, G.D.Ferroni; "The chemolithotro-
phic bacterium Thiobacillus ferrooxidans"
,Microbiology,(1994),103-20. 
 
[10] Brandle; "Microbial leaching of metals" 
Zurich Switzerland, (2001), 191-206. 
 
[11] J.A.Brierley; "A perspective on 
developments in biohydrometallurgy", 
Hydrometallurgy 94, (2008), 2–7. 
 
[12] H.A. Schnell; "Bioleaching of copper", 
edited by Rawling, Springer, (1997), 21-43. 
 
[13] G.E. McClelland; "Agglomerated and 
unagglomerated Heap leaching behavior is 
copared in production Heap",Mining 
Engineering,( 1986),500-503. 
 
[14] S. bouffard; "review of agglomeration 
particle and fundamental in heap leaching", 
mineral processing & Extractive metal, 
(2005).rev, 26:233-294. 
 
[15] K.A.Lewandowski, S.K.Kawatra;      
"Agglomeration for copper Heap leaching",  
(cu2007-volum5 (Book1)), 439-451. 
 
[16] H.Sakaguchi, E.T. Arpad, M. silver; 
"microbiological oxidation of synthetic 
chalcocite and covellite by Thiobacillus 
ferrooxidans",Microbiology,(1976),7-10. 
 
[17] M. Lotfalian, M. Ranjbar, M. Schaffie, 
E.Darezereshki, Z.Manafi, S.A. 
Seyedbagheri;" Bioleaching of low-grade 
chalcopyritic ore using thermophile 
bacteria",Journal of Separation Science and 
Engineering, (2009), 57-65. 
 
[18] N. Pradhan, K.C. Nathsarma, K. 
Srinivasa, L.B. Sukla, B.K.Mishra; "Heap 
bioleaching of chalcopyrite: A review", 
Minerals Engineering, (2008), 355-365. 
 
[19] P.J. van Staden, B. Shaidaee, M. 
Yazdani;" A Collaborative Plan Towards The 
Heap Bioleaching Of Low Grade Chalcopyritic 
Ore From A New Iranian Mine" ,Proceedings 
of the 16th International Biohydrometallurgy 
Symposium, Cape Town, South Africa,(2005), 
September.  
 
[20] S.A.SeyedBagheri, H.R.Hassani; "Isolation 
and preliminary identification of some iron and 
sulfur oxidizing bacteria from Sarcheshmeh 

Copper Mine", In: Ciminelli, S.T., Garcia, O. 
(Eds.), Biohydrometallurgy: Fundamentals, 
Technology and Sustainable development, part 
one. Elsevier, Amsterdam,( 2001), 393–396. 
 
[21] M.P. Silverman; "Mechanism of Bacterial 
Pyrite oxidation", journal of Bacteriology, 
(1967), 1046-1051. 
 
[22] Z. Manafi; "Column bioleaching of 
agglomerated low-grade copper ore by 
Thiobacillus ferrooxidans and Thiobacillus 
thiooxidans", MS Thesis, Islamic Azad 
University of Jahrom,( 2002.), Iran. 
 
[23] C.L. Brierley; "Mining biotechnology: 
research to commercial development and 
beyond. In: Rawling, D.E. (Ed.), Biomining: 
Theory, Microbes and Industrial Processes. 
Springer-Verlag, Landes, Berlin (Chapter 1),( 
1997). 
 
[24] Y.Rodrıguez, A.Ballester, M.L. Blazquez, 
F.Gonzalez, J.A. Munoz, "New information on 
the pyrite bioleaching mechanism at low and 
high temperature", Hydrometallurgy, (2003), 
37-46. 
 
[25] K.A. Natarajan; "Electro chemical aspects 
of biolcaching of base treatal sulfides, 
microbial mineral recovery", erlich,H., pub 
New York,(1998). 
 



�.����� 	�
 ��.�
����...;����� �������� ������ � �� ! 	��"� �#�� 	��
 $)&'(((��*�+&,�-'&

	�

Optimization of copper recovery from Sarcheshmeh low grade ores by bacterial 
leaching 

E.Darezereshki1,2, M.Schaffei2,3, Z.Manafi4, M. Lotfalian 1

1.Post graduate of Mineral processing,Department of Mining Engineering, Shahid Bahonar University of Kerman. 
2. Mineral Industries Research Center, Shahid Bahonar University of Kerman. 
3. Assistant Prof. of Chemical Engineering, Shahid Bahonar University of Kerman. 
4.Post graduate, National Iranian Copper Industry Company, Sarcheshmehn. 

A R T I C L E  I N F O   A B S T R A C T  

Article history : 
Received 1 March  2009  
Received in revised form 12 October 2009 
Accepted 22 October 2009 
 

Keywords:
Bacterial leaching 
Mesophiles 
Moderate thermophiles 
Heap 
Copper 
Sarcheshmeh 

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%. 
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