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   ��PP* �9�P���� ,�PP�� ��  _PP��� �P�&<��9s� �PP9 yu .PPW�� 

% �!�+�2�� W��!� �<]qw[  .
       �! �'P8* �!<P$� .P* %  �
P� t�P��! @��	��� .�!�! ��
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   1��W ��p   J$�7�	<�*   1*�$��23��C<�	�(     0P� ��� 5(�� 

             ,�P) �2�!��PC ,��P  .$��* % ��$  ����! ���� .( �!�3!

  JP$�7�	<�* �9�����            ,�P) �2��MP$( % �P$Y 1*�P$�  �P�g8� 

              ,�P) J$MP��( JP$�7�	 �P�)<�* % ,�%I�P& ,�) .��O��(

      
P��* �� ��
�� ,�) .�p�* % ���� L( �23��C<�	�(  `
P)  "

    _�6�9 �3! �!         % _P��� �P�&<��9 ,��3�2(�* ��!��( .M3�6� 

      %  ��<P* N
2�� ��&<��9 ,��3�2(�*    �2�!��PC ,��P  .P$��*

     *  
$3I�&  �9����� ,�)       0P� �9m�* �*�3��* .* �*��2 � ,!�

     �23��C<�	�P( ���� L( 1*�$� �!        �!�P3! 0P� �P�� 5(�P�   % 

            ��P��9 �2�$P4 .�A�� .* �%�% ,!�* f3!�� ��<�� L)!�&

5 ! �
�.

مواد، روش و مراحل تحقيقمواد، روش و مراحل تحقيقمواد، روش و مراحل تحقيقمواد، روش و مراحل تحقيق----2222

               % _P��� �P�&<��9 K�2(�P* .P�<V %� �! _P�6�9 �3! ��

   
� ����2 ! N
2�� ��&<��9 .K�2(�*   ��&<��9 K�)   �! _P���

     K�P�� �� .P( 
P��<* �	�3�* z<��3
� ! ��!<��Oy�  .PW�� 

�!�+�2��       K�S$� ��V<V �<�A �� %)g/lq� (  ��!� 5'(


�
� .K�2(�*      �! �p<�8� N
2�� ��&<��9 K�).�<V  K�P)

 �! .PP( 
PP��<* ��<PP*R�PPO  .�'PP/�  0PP� �
PP�� K�PP)

 �
� K�� !
W 
�!       K�P�� �� % w�     �!�+�2��P  .PW��  �� %

 V<V �<�A   K�S$� ��)g/l w (     �P2�&��%� �)I @��	<  %

)g/l yw (
�
PP� ��!� 5'PP( . "����2PP ! ��<PP� 5'PP( f�PP��

 .3�C f���Kx    .( �<* pH          Q3�<�	<P  
�P ! QP�( �P* �I 

  K%��/q   L�d$9 
3��V . QP��         .P��9 �� ����2P ! ��<P� K�P)

 N%
PW �� ���I 5d�Y % 5'( f���)q (   �
P� ��!� h3�P��

5PP !. _PP�6�9 �PP3! �� QPP3 �! .PP�<��    ��PP�� LPP( R�PPO

    ����2 ! .�'/�  0� 1�2�� �23��C<�	�( aO�� .( 
� 

       
P��* �� .6�$� �23��C<�	�( ���� L( 1*�$� .    e3�P2�   g�	�P�I

 N%
PPW �� .PP�<�� �3����PP� % KU<PP	!�$��)s ( �
PP� ���%I

5 !.

N%
WN%
WN%
WN%
W) ) ) ) qqqq:(:(:(:(^�(�9 ^�(�9 ^�(�9 ^�(�9 .3�C .3�C .3�C .3�C  5'( f���  5'( f���  5'( f���  5'( f��� ��3�2(�*��3�2(�*��3�2(�*��3�2(�*

Concentration(g/l)Component

3.000(NH4)SO4

0.500MgSO4.7H2O
0.630K2HPO4

0.100KCl
0.014Ca(NO3)2.H2O

N%
WN%
WN%
WN%
W))))ssss:(:(:(:(^�(�9^�(�9^�(�9^�(�9�3������3������3������3�����%%%%#��(#��(#��(#��(# �$�# �$�# �$�# �$�J$M��(J$M��(J$M��(J$M��(<�	�(<�	�(<�	�(<�	�(CCCC�23���23���23���23��

Component Content
(wt %)

Mineral Content
(wt %)

Cu 0.34 CuFeS2 0.78
Fe 1.82 FeS2 2.75
S 0.79 ZnS 0.02
SiO2 67.53 Fe3O4 0.27
Al2O3 16.14

h3���IK�)       �! ����2P ! �P* .�	%!   �3�P� �P	�! K�P)w��

 �2�	 #���        K%�A �	�! �) .( 
� t���! q�� ����   f��� �2�	

'(  5Kx"s� ����       �3�P3�2(�* ��P6�9 �2�	 )q� % �P��A ( %

ss/ss         .P( �<* ���� L( R�O t�V pH        �! ����2P ! �P* �P	�C 

    K%� Q3�<�	<  
� !  �d� ��<� �!
6� L�d$9  
�  . �	�!   �P)

       5��PP  �PP* .PP( �!� ���PP� �<9�PP*<��! ��+2PP � �PPO!�

Z5*�)rpm(qu�  �� �!�%�    
�
� ��!� �!�- ��( .   ��P�3! K!�*

    �2�&�� .  �3 %� �)I @��	<  �! g�� �d� ��<� �)I 5d�Y


� ����2 !.

         "JP$�7�	<�* 
P$3I�& 5&�'P�C 
P�%� �P ��* �<d$� .*

pH  h3�M(! ��M��2C% � �	�C h)�(��!
�! �� K��V
3��V .

  L�d$9pH              _P�-� Q3�<�	<P  
�P ! ���P( .&�Pk! �P* �	�C 

 �!�PP�W %    �PP�6� TI fPP <9 �
PP� �PP�8�9 TI         @�<PP4 

5&�V ��.

هاهاهاهاارائه نتايج و تحليل يافتهارائه نتايج و تحليل يافتهارائه نتايج و تحليل يافتهارائه نتايج و تحليل يافته----3333

h3�PP��I  �PP��( ��PPp z�PP ! �PP* �!��PP	 `%�PP� K�PP)

    
�
P� t�P��! ��3�<2(�& .    h3�P��I �P3! ��      ��P�/ ��Z�P9 �P)

�2�!��C �<�  �d� � 5&�V �!�- � ��* ��<� ��  %� ��  . �*

       "_P�6�9 `!
P)! .* .W<9         "�P�� �62MP� �2�!��PC ��P�/pH "

        �!g�� .2M*!% �2�!��C % Q3�& �)I 5d�Y % %�& �)I 5d�Y

  h3���I K��2�! �� 0� c!�82 !�)  
�
P� T�P82�!  .  �<�P 

   ��  �PP ��* ��<PP� �2�!��PPC ��PP�/ K!�PP* .PP2&�V �PPd� ��

N%
W) u(� .�!�! 5 ! �
.

N%
WN%
WN%
WN%
W))))uuuu:(:(:(:(�2�!��C �2�!��C �2�!��C �2�!��C h3���I �� � ��* ��<� K�)h3���I �� � ��* ��<� K�)h3���I �� � ��* ��<� K�)h3���I �� � ��* ��<� K�)K�)K�)K�)K�)
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�!��	 `%���!��	 `%���!��	 `%���!��	 `%��

Factors Levels

A: Temperature 50 70
B: pH of leaching solution 1.6 2.2
C: Ferric ion concentration 0 1.5
D: Ferrous ion concentration 0 1.5

 ��p 0��3�!% g�	��I �! �4�A e3�2���3�<2(�& %   ��Z�P9 

          ���I �*�62� ��Z�9 ��$7�) % �
� .2&�V �d� �� K�)�2�!��C

     N%
W �� 0� NB��! K%� �*) v ( 5 ! �
� ���%I . �� �* 

      .P�$3! �2&�PV �d� �3��P6�prob>F     �! �P2�( �w/�  aO�P� 

��<PP* �!� �PP$�� hPP6� �2�!��C % �PPd� ��<PP� ,�PP) �3��PP6�

 �! �PP2V�g*q/�� �!� �PP$�� �
PP$)� ��'PP� ��<PP�        �PP)�2�!��C 

      z� ! �3! �* "
��* ��   "��� K�)�2�!��CpH     �P)I 5d�Y % 

       5Pd�Y % %�P& �P)I 5Pd�Y ��* �*�62� ��Z�9 ��$7�) % %�&

Q3�& �)I
$2M) N
� �!� �$�� K�)�2�!��C .

N%
WN%
WN%
WN%
W))))vvvv :( :( :( :(��3�<2(�& ��p 0��3�!% g�	��I �! �4�A e3�2���3�<2(�& ��p 0��3�!% g�	��I �! �4�A e3�2���3�<2(�& ��p 0��3�!% g�	��I �! �4�A e3�2���3�<2(�& ��p 0��3�!% g�	��I �! �4�A e3�2�

Source Sum of
Squares DF F 

Value Prob > F

A 422.10 1 10.62 0.0225
B 1078.14 1 27.13 0.0034
C 344.47 1 8.67 0.0321
D 25.86 1 0.65 0.4565

AB 20.93 1 0.53 0.5005
AC 20.70 1 0.52 0.5027
AD 2.21 1 0.05 0.8231
BC 60.37 1 1.52 0.2725
BD 3.22 1 0.08 0.7872
CD 342.62 1 8.62 0.0324

Residual 198.67 5
Cor Total 2519.29 15

  �2�!��PC ��Z�9         �!gP�� K%� �P* �P��I �P*�62� ��Z�P9 % �P)

   �� !� 0� NB��!        .P	���� �! ����2P ! �P* �!<P9q   a8'P� 

�<�� .   ��$� ^3�kpH  �� ��'�       �3��P6� �! ����2 ! .( 
)�

��3�C  �9pH         �%B� "��!� 0� NB��! K%� �* K�2'�* ��Z�9 

                �
P$)� ��'P� %�P& �P)I 5Pd�Y % ��� 5��� ^3�k �3! �*

<��*         h3!gP&! �PZ! �� 0� �*�3��* �   �3��P6�    �P)�2�!��C �P3!

��
��* .    .	���� �! .( .�<V ���)q       ��P* �! 5P ! a8'� 

      "0� NB��! �* �Z<� K�)�2�!��CpH      �P* !� ��Z�P9 �3�2'�* 

��!� �*�3��* K%�.

)q (

][][.][.
][..

..covRe

+++

+

××−×+

×+×−

×+=

323

2

226678865007
35667123625027
5136302262583

FeFeFe
FepH

tempratureery

��PP�)q(    f3!�PP� �3�PP2�* �� 0PP� 5PPd�Y @!�PP���9 

    �2P ! �P* J$�7�	<�*   K�2(�P* �! ���       % _P��� �P�&<��9 K�P)

�� ��'� !� N
2�� ��&<��9
)�(pH= 1.6, [Fe2+]= 1.5 gr/l).

   ]<��� ��         �P4�A N<��� �� 0� 5d�Y .W<9 �*�- @%��9

             �P�&<��9 ,�P) K�2(�P* �! ����2P ! �* J$�7�	<�* 
$3I�& �!

             �P�&<��9 ,�P) ,�2(�P* �P* .*�'P� ��<P� .P* 5�MP� _���

   �( �
$)� ��'� "N
2��           �P� _P��� ,�P) ,�2(�P* �P2�* ��!�


��* .             �PA!�� �� .P( 
)� �� ��'� e3�2� �9 _�-� � ��* 

       �%
PA �! �P2�( ,�P����� ��  
P$3I�& ��!
2*!|  5Pd�Y �%� 

             ,�P�3�2(�* fP <9 JP$�7�	<�* �! �P4�A N<P��� �� 0�

      .PP* �<PP*�� ,�PP) .PP�<�� �! �! h�PP*  N
PP2�� �PP�&<��9

      _��� ��&<��9 ,��3�2(�* �* J$�7�	<�* 
��* �� .    
P$/ �P)

                ��<P* �P9 ��m<Pp �P* 
P�!<9 �� ��! 5 ! ��gW @%��9 �3!

       .2P�!� ��P�9�! _P��� ��&<��9 ,��3�$(�* ,��V��  .�A��


��*.

���) s(     h3�MP(! ��MP��2C @!����9 �     ��PA �� h)�P(

     K�2(�* �! ����2 ! �* J$�7�	<�* 
$3I�&    _P��� ��&<��9 K�)

 f3!�PP� �3�PP2�* �� N
PP2�� �PP�&<��9 %��'PP�
PP)� �PP� .

(pH= 1.6, [Fe2+]= 1.5 gr/l)  h3�MPP(! ��MP��2C @!�P���9 �

  �� ��'� h)�(      K�2(�P* �! ����2P ! .( 
)�    �P�&<��9 K�P)

  _���       
P$3I�& ��4! �A!�� ��    h3�MP(! ��MP��2C�  h)�P(

    �� ���3! f��� �� K�2�(        �� �Z<P� ����� �<O �3! .( 
$(

    �� 53��C<�	�( �! 0� NB��!
��*.    �9 ����C     �!gP�� ��<P*

      �� N
2�� ��&<��9 ,��3�2(�* .* �<*�� L2M� �� ��M��2C

               ���P�� @!�P���9 
P�%� .MP3�6� % 
P$3I�& ��!
P2*! ,�) ��&

  ��M��2C)  ���s (         N<P��� �� 0P� 5d�Y ����� @!����9 �*

    J$�7�	<�* �! �4�A)  ���q (     ��P* L�62M� ���9�! .�k�&

     5P3<69 !� L2M�  ��M��2C % �) ,�2(�* ������  
P3��� �P�  .

               �P�&<��9 ,�P�3�2(�* ]<P��� �� 
P$/ �) 
 � �� �d� .*

  ��PP& �PP�! 
$PP��* �PP� �!��<PPO�* ,�PP2�* ��!��PP( �! _PP���

             �P3! f3!�P� 5P�9 N
P2�� �P�&<��9 ,�P�3�2(�* ,��V�� 


��* �� _��� ��&<��9 ,��3�2(�* �! �9 ��9<( _�6�9   .

   ,�P�3�2(�* ,�) .�<V ��<* ��<* �* 
�!<9 �� .��2� �3!


��* .2�!� Q3�g� ���M* ���9�!  N
2�� ��&<��9  .
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������������))))qqqq :( :( :( :( .M3�6� .M3�6� .M3�6� .M3�6�J$�7�	<�* 
$3I�& �� 0� 5d�Y @!����9J$�7�	<�* 
$3I�& �� 0� 5d�Y @!����9J$�7�	<�* 
$3I�& �� 0� 5d�Y @!����9J$�7�	<�* 
$3I�& �� 0� 5d�Y @!����9

������������) ) ) ) ssss:(:(:(:( .M3�6� .M3�6� .M3�6� .M3�6�h3�M(! ��M��2C @!����9h3�M(! ��M��2C @!����9h3�M(! ��M��2C @!����9h3�M(! ��M��2C @!����9���� h)�( h)�( h)�( h)�( 
$3I�& 
$3I�& 
$3I�& 
$3I�&

J$�7�	<�*J$�7�	<�*J$�7�	<�*J$�7�	<�*

 @!�PP���9pH��  t�PP+$) 
PP$3I�& ���PP�� {PP�28� �PPA!��

K�2(�PP* �! ����2PP ! _PP��� �PP�&<��9 K�PP)K�2(�PP* % K�PP)

   ��� �� N
2�� ��&<��9) u(  5 ! �
� .M3�6�.    e3�P2� �P3!

 ��M� h3!g&! �! �(�ApH  ��& % 
$3I�& ��!
2*! �A!�� �� 

 
PP��* �PP� �PP�3�2(�* ,��V��PP  .  
PP$3I�& 5&�'PP�C �PP*pH

               h3!gP&! �P* .P( 
P*�3 �P� h)�( 
A!% Q3 �%
A �9 L2M� 

 f <9 
� ! 
�	<9% �3�3�2(�* ,�) 
$3I�&  P$7�)   h)�P( ��

h$(!%
� ! �
$$( `�S� K�)f�9�� �� 
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������������) ) ) ) uuuu:(:(:(:( @!����9  @!����9  @!����9  @!����9 pHJ$�7�	<�* 
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$3I�&  �p  

���) v(             �P� ��'P� !� 0P� �*�3��* K%� �* ��� ��Z�9 

    �! �P�� h3!gP&! �* 
)�w�    .P* �!�+�2��P  .PW�� y�  .PW�� 

  �! 0PP� �*�PP3��* �!gP��  �%
PA |y
PP4��  .PP*  QPP3�g�y�


4�� 
 � ��. ��3            !� ,�!FPV ��Z�P9 �P3! ��4! �3m� �! 
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�MP(! h3!gP&! 
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$3I�& ��A �� �
�
��* ��� h3!g&! �*.
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��	<   �� 

    ����C ,�) ���        5P3��C<l	�o ���9 �<�  K%� �* 5��  .*
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�MPo!K�  
��	<P 

  
PP�	<9 @��	<PP <�9 ���62MP�  .PP( �<P� �PP� �PPZ! �� �PP23��� 

          �P� }3�& @��	<  
�	<9 %  �3
�9 @��	<  .* �<� !
�M(!


3���.  .3�C .o 5 ! 5� %��W ��l'9 K!�* K! . �3!.3m K�)

   �� 5PP3��C<�	�( ��PP  K%� �PP* �
PP� ���'PP9 �
PP��!���*

 ���I .* 5�M� "����C K�)���    ���'P9 �9m�P* K�P�� �� .( �3

�� 
��9�!
3�C 
�<� .  K�)��� �� �
� ���'9 K�<�	<  .3m

  .PP3m .PP��	�A �� ��<PP* ��	�2MPP3�(<2�3�( % `�<PP�I ����PC

        �� �8�82� % ��	�2M3�( m�* K�)��� �� �
� ���'9
��*.

            ���P  NBP��!  �
P��!���* ,�P) 
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)�'� 53��C<�	�( NB��! ��M� h3!g&!�<�.

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0 5 10 15 20 25 30
Time (day)

Cu
 c
on

ce
nt

ra
tio

n 
(g

r/L
)  

 

Extreme Thermophile Moderate Thermophile



65 تا 57صفحه ، )1388 (1 دوره اول، شماره وم و مهندسي جداسازي،علنشريه;...رنجبر،. لطفعليان، م. م

�	

 ��� ��� ��� ���))))vvvv :( :( :( :( J$�7�	<�* @����� �� 0� �*�3��* �* ��� ��Z�9 J$�7�	<�* @����� �� 0� �*�3��* �* ��� ��Z�9 J$�7�	<�* @����� �� 0� �*�3��* �* ��� ��Z�9 J$�7�	<�* @����� �� 0� �*�3��* �* ��� ��Z�9

 K�2(�* .�)            ��P( .P* �P*%���� �3<P�%�& �� .P( �3�)

��    ��%
�� �� 
�%�pH   K
� ! )w/u�s/q ( 
��!� 5�	��& . .*

   ��	� %�pH  
$3I�& ��   K�)      �P�3! !� �P��� hP6� JP$�7�	<�*

�PP�
PP$( : h$PP(!% K%� ��Z�PP9   ��PP�3! % �3����PP� K�PP)

��%
��   �! �3�)pH  K�2(�* .(    
$2MP) ^P	�Y �P��28� K�) .

     ��Z�9 �! �4�A �*�3��!pH     �! 0P� NBP��! �!g�� K%� �* 

    ��� �� .( �23��C<�	�( J$M��() w(     5 ! �
� ��!� ��'� 

      h)�( �* .( 5 ! �I �! �(�ApH    �<Pp .P* �*�P3��* �!g�� 

  f <2�qy %   �! % 5&�3 h3!g&!   �%
A |v    �! h�* .* 
4�� 

�q
4��
� � .

������������))))wwww :( :( :( :( ��Z�9 ��Z�9 ��Z�9 ��Z�9pH J$�7�	<�* @����� �� �� 0� �*�3��* �*  J$�7�	<�* @����� �� �� 0� �*�3��* �*  J$�7�	<�* @����� �� �� 0� �*�3��* �*  J$�7�	<�* @����� �� �� 0� �*�3��* �* 

���) |(     �<3 �<�A ��Z�9 �
$)� ��'�      %�P& �P)I K�)

      �P� �23��C<�	�P( J$MP��( �! 0P� NB��! 
$3I�& �* 
P��* .

   ���( .&�k!�<3        h3!gP&! ���* J$�7�	 N<��� .* %�& K�)

         �*�P3��* .( K�<p .* 
� 0� �*�3��*      f3!�P� 5P�9 0P�

    �%
A �! a8'�|�   �! h�* .* 
4��yy   
P4�� h3!gP&!

 
*�3 �� . �<P3             K!�P* !� KU�P�! 1P�$� hP6� %�P& �P)I K�P)

N<�       �P� �P�3! K�2(�P* K�)         �<�PA �P3! �P* �%BP� "
P$$(

�<3    ��� ��M��2C �* %�& K�)      .* 5 ! �!FV ��Z�9 J$�7�	 N<

5PP3��C<�	�( �! 0PP� c!�82PP ! h3!gPP&! �PP��* .PP( K�<PPp

�����V .         .P( 5�P <�	�( 
$��� K
��	<  f !% 
A ���'9

       �� �� ��!��* ��M��2C �! �2�( ��M��2C ��    
3�* g�� 
)�  .* 

 �!FV ��Z�9 ���� Q3 �!<$����V �!�- �d� 
�.

������������))))|||| :( :( :( :(�<3 �<�A ��Z�9�<3 �<�A ��Z�9�<3 �<�A ��Z�9�<3 �<�A ��Z�9 K�) K�) K�) K�) 0� �*�3��* �* %�& 0� �*�3��* �* %�& 0� �*�3��* �* %�& 0� �*�3��* �* %�&

���) y(   �<3 �<�A ��Z�9   Q3�& �)I K�)   !�  �!g�� �* 

    �� ��'� !� 0� NB��! 
P)� .        N�P�� �!<P$� .P*     .&�Pk! �P*

 �<3 ���(         0P� �*�P3��* �!gP�� QP3�& �)I K�)    5P	�A �� 

         �%
A �� % ��!
� ,���* ����9 �d� ��<�yv     5P*�Z 
P4�� 

5 !     ��Z�9 t
� �
$)� ��'� .(    9 �P*�- ,�!FV .PW<   �<�PA 

�<3      0P� �*�3��* �!g�� �* Q3�& K�)    
P��* �P� .  h3!gP&!

 �<3 5d�Y       QP�� T<P � N�P�2A! Q3�& K�)    @��	<P  K�P)

 �� h3!g&! !� 53��C<�	�( ��  K%� �* Q3�&
$)�.  �%BP�

       g�	%�
�) ����! �3! �*�<3  Q3�& �)I K�) f�P�� ��  K�P)

  K
� ! ���'9 %    N<P��� �� % �
�7�C @���(�9 ]!<�! %   �<PW

           
$3I�& �
��!���* ��4! ,�) ���� �! ��3 �!<$� .* .( ��!�

          
P�! �
P� ���P �$� 5P3��C<�	�( ���P  NB��!.  h3!gP&!

 5PPd�Y�<PP3   5PP�	��& �! JPP$�7�	 N<PP��� �� QPP3�& K�PP)



65 تا 57صفحه ، )1388 (1 دوره اول، شماره علوم و مهندسي جداسازي،نشريه;...رنجبر،. لطفعليان، م. م

�


K�2(�*�) �� K��V<�W
$(      �<P3 �<� !
�M(! 5��  !�3� "

                 h$P(!% �Pp �P2�&�� .P  �P)I .P* �P2�&�� %� �)I ,�)

     �* �	���9          .P( 
*�3 �� h)�( L2M�  .* Q3�& �<3 h3!g&!

^�        �<P3 �<� !
�MP(! �! 5P�����         .��P % .P* %�P& K�P)

K�2(�* �) ���I 5�	��& h)�( % ��
�<�.

 ��� ��� ��� ���))))yyyy :( :( :( :(�<3 �<�A ��Z�9�<3 �<�A ��Z�9�<3 �<�A ��Z�9�<3 �<�A ��Z�90� �*�3��* �* Q3�& K�)0� �*�3��* �* Q3�& K�)0� �*�3��* �* Q3�& K�)0� �*�3��* �* Q3�& K�)

نتيجه گيرينتيجه گيرينتيجه گيرينتيجه گيري----4444

        #23��C<�	�( ���� L( 1*�$� �! 0� ,��S2-! N�S�2 !

   ��� 5(�� 
�!<9 ��         �� ��P �$� ��P+3�W �� !� �!�P3! 0� 

 
PP)� �!�PP- ���PP�W ,�PP) 5PP*�-� .  ��!��PP( _PP�6�9 �PP3! ��

    �PP�&<��9 ��<PP* ,�P) .PP�<V % _P��� �PP�&<��9 ,�P�3�2(�*

    �! .( N
2��R�O          K��P !
W .�'P/�  0P� �
P�� K�P)


�       
P� �P ��* ,! .M3�6� @�<S* "
� .    �! �P4�A e3�P2�

h3�PP��I   �PP�� LPP( J$MPP��( K%� �PP* JPP$�7�	<�* K�PP) �

�23��C<�	�(         5(�� ���� L( 1*�$� aO�� .�<�� �!<$� .* 

  �!�3! 0� ��� 
)� �� ��'�    ,�P) �2�!��PC ,��  .$��* �* 

          5P&�3 5 � �	<�- �*�- e3�2� .*  �!<9 �� �9����� .   �P3! ��

    "���  �2 !�pH    ���* h6� Q3�& .* %�& �<3 5d�Y 5�M� % 

        
$$( �� ��3! ,! �
$$( ����9 %      .P( ,<�� .*    �P*   N�P2$(pH

    ".$��* ��%
�� ��      �%
A �9 0� �*�3��* �!g��qy % h3!g&!

  
)� �� ��'�  .         QP3�& .* %�& ,���<3 5d�Y 5�M� L�d$9 �*

    ��<P�� .&�Pk! ���� @�<4 �� % �<P3      .P* %�P& �P)I K�P)

   J$�7�	 N<���   �!<9 ��g���!g��       LP( 1*�$� �! 0� J$�7�	 

 �23��C<�	�( ����     �%
A �9 !� q�    h3!g&! 
4�� �!� .  �3
P*

               �*�P3��* .P* �!<P9 �P� �9�P���� .P$��* f3!�� 5�9 ^�9�9

 �%
A�w5&�3 5 � 
4��  .

تقدير و تشكرتقدير و تشكرتقدير و تشكرتقدير و تشكر

     
PPA!% 5(��'P� % .�����PP4 #+$)�P�) �PP* _P�6�9 �P3!

           5P ! �
P� t�P��! .�'/�  0� 1�2�� .� <9 % _�6�9 .

  �! .	�6� ��V
$M3<� t�2�� 53�3
�    ".�'/�  0� 1�2�� 

    t�P2�� 53�3
�  6�9 �<P�!           ".�'P/�  0P� .�P <9 % _P�

  
PPA!% t�PP2�� 5PP �C� @�PP6�6�9  % ,U�<	�2�%�
PP�) 

 .�<��� �3! t�2�� �� �$���(
$3��� �� ��'9 .�����4.

مراجعمراجعمراجعمراجع

[1] D.B. Dreisinger, J.A. Muñoz, W.C. Cooper, S.K. 
Young, "Silver-catalyzed bioleaching of low-grade 
copper ores. Part II: Stirred tank tests", 
Hydrometallurgy 88 (2007) 19– 34.

[2] H.R. Watling, "The bioleaching of sulphide 
minerals with emphasis on copper sulphides — A 
review", Hydrometallurgy 84 (2006) 81– 108.

[3] D.B. Dreisinger, J.A. Muñoz, W.C. Cooper, S.K. 
Young , "Silver-catalyzed bioleaching of low-grade 
copper ores. Part I: Shake flasks tests", 
Hydrometallurgy 88 (2007) 3–18.

[4] M. Boon, J.J. Heijnen, "Mechanism and rate 
limiting steps in bioleaching of sphalerite, 
chalcopyrite and pyrite with Thiobacillus 
ferrooxidans", Proceedings of Biohydrometallurgical 
technologies (1993) 217-235.

[5] H.L. Ehrlich, "Past, present and future of 
biohydrometallurgy", Hydrometallurgy 59 (2001) 
127-134.

[6] F. Acevedo, "Present and future of bioleaching in 
developing countries", Electronic journal of 
biotechnology, vol5 ,2 (2002) 196-199.

[7] A. Akcil, H. Ciftci, H. Deveci, "Role and 
contribution of pure and mixed cultures of 
mesophiles in bioleaching of a pyritic chalcopyrite 
concentrate", Minerals Engineering 20 (2007) 310–
318.

[8] F. Torres, M.L. Blazquez, F. Gonzalez, A. 
Ballester, J.L. Mier, "The Bioleaching of Different 
Sulfide Concentrates Using Thermophilic Bacteria", 
Metallurgical and Materials Transactions 26B (1995) 
455-465.
[9] G.J. Olson, J.A. Brierley, C.L. Brierley,
"Bioleaching review part B: Progress in bioleaching: 



65 تا 57صفحه ، )1388 (1 دوره اول، شماره وم و مهندسي جداسازي،علنشريه;...رنجبر،. لطفعليان، م. م

��

applications of microbial processes by the minerals 
industries", Appl Microbiol Biotechnol 63 (2003) 
249–257.

[10] A. Ballester, Y. Rodriguez, M.L. Blazquez, F. 
Gonzalez, J.A. Munoz, "New information on the 
chalcopyrite bioleaching mechanism at low and high 
temperature", Hydrometallurgy 71 (2003) 47 – 56.

[11] P. d’Hugues, S. Foucher, P. Galle´-Cavalloni, D. 
Morin, "Continuous bioleaching of chalcopyrite 
using a novel extremely thermophilic mixed culture", 
Int. J. Miner. Process 66 (2002) 107– 119.

[12] F.J. Garcia Frutos, A. Rubio, "Bioleaching 
capacity of an extremely thermophilic culture for 
chalcopyritic materials", Minerals Engineering 15
(2002) 689–694.
[13] M.E. Clark, J.D. Batty, C.B. van buuren, D.W. 

Dew, M.A. Eamon, "Biotechnology in minerals 
processing: technological breakthroughs creative 
value", Hydrometallurgy 83 (2006) 1–4. 
 
[14] J.D. Batty, G.V. Rorke, "Development and 
commercial demonstration of the BioCOP™ 
thermophile process", Hydrometallurgy 83 (2006) 
83–89.

[15] M. Ranjbar, M. Schaffie, M. Pazouki, R. Ghazi; 
A. Akbary, S. Zanddevakili, S. A. Seiedbaghery, Z. 
Manafi, "Application potential of 
biohydrometallurgy in the Iranian mining industry", 
Advanced materials research, 20 (2007) 38- 41. 

Bioleaching of low-grade chalcopyritic ore using thermophile bacteria 
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A B S T R A C T

 In recent years, bacterial leaching of copper from low grade 
chalcopyritic ores has been adverted very much. Different parameters 
such as the type of microorganisms, pH, temperature have a direct or 
indirect influence on the bioleaching efficiency of sulfide minerals. 
Therefore, the main objective of this study was to quantify the 
potential of thermophile microorganisms for copper recovery from 
low-grade chalcopyritic ores. Using a representative chalcopyritic low 
grade copper ore from National Iranian Copper Company with a total 
copper grade of about 0.344% (CuFeS2= 0.78%), and two different 
thermophile bacteria, several bioleaching tests were conducted. The 
final results of lab tests show the potential of extremely thermophiles 
for bioleaching of copper from this type of low grade ores is higher 
than moderate thermophiles. At optimum temperature, pH and Fe2+/ 
Fe3+ ratio, the average copper recovery from low grade ore with 
extremely thermophiles is up to 17% higher than that with moderate 
thermopiles.
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