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�*�+'  
    ��	�� ���� ! "#� $� �%�  �$��&��'  �(�	)* +��,�-�- ./�� �� �0�� ��� ����*Fe-B1�� ��  $� �#�	2	� ��	3�  4���

 ��%�* "�* +�5)�� �	)��)FeSO4.7H2O ( �#%� %#�%	����� � "�* 89�� :���' ��)NaBH4 ( ;%��< �	3� &��' :���' ��

=�� .��?�� "#� �����$� �3��@  �9	<�A B#�A�� �� �C�D�A L9;$�%-� �/����! � ;4�5/��  :%� ����* %��4 ;%� ��	D (�	)* 

%� "		EA .� ��4 �"�* :�# ���3 ��* ���F� =?�G ����F� :4�.H� ='�� +��� �� �	3� ��<�� �4 ��ID�	0�A �/����! ���C 

��%J� pH�4 ���<�� %-%� �/H�D �?- �4 KL� ��  .=�4 ���� B-�#��� .	)�-* $�  ;4�5/�� ����* $�H %��4 "#�AM�� �� ���#

 ��	�� N#��� � %� ��<�� ������� �� ='�� �� ���F� :4�.H� +mlit/min 5��4 � �0
C10 "�* :�# ���F� =?�G �

mol/lit 1/0�  ��%J� pH 7 %#4�D �H�E� .;%� 4�# N#��� �4� ��?/-� 4��� ��	/- 7/96%��4  .	- %	#�A :��$* � %�* =�%� 

100%��4 4�4 :�U- �� :%� ����*  .�� "	�C� =<��U� �� "�* :�# ��* ���F� =?�G 31/55  "#�A�0�� :���' �� %��4

%� "		EA �/����! .  

  

����  �
�
� ��  : (�	)* ��#�	2	� ��	3� �����* �+��,�-�-Fe-B�C�D�A �3��@ �.  

  

 

 

 

 

 

 

 

 

 

 

  

  

  

  

  

                                                             

١-  ���U-�4/<4����A ;�WU-�4 �	�X�%� = ���� ;��D �4��� ��%��� �Y� ���%��� � ��H ;%ZU-�4	[.  

2-��A ;�WU-�4 ���	U-�4 	���� ;��D �4��� ��%��� �Y� ���%��� � ��H ;%ZU-�4 �X�%� =	[.  

*- �)�J� ��]^� ;%�^#�- rsarrafm@modares.ac.ir 
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���!,-�. 

     �����* ���(�	)* � +�.�H %�/^� ���%#�! �2	- +�%��_

�2- ������ :��4 ����4 %��� �?- ����4 �< %���� . ���(�	)*

�*��� �� �@�
 ��/
�� �������-�-"/��%-   � �-�4$��

�`	<�A � ���/
�� a�F) $� 4�
 "W2� =	��� ����4 

��^	@��b� ��Z	-�Z� 4�H �� �cF�� d��
  � �/^	)�A�<

�� �D4��
 �� =���J� %����]1-4[. ���(�	)* :�	� $� 

 �����*�-����"�*  - $� �Z# ��� �-����   �(�	)* ��� ���

 ���� �< =�� �/^	)�A�< � f�- �^	@��b� ���4����<

=�� ;%� �/
���]5[.  

    1��  ��	3� � �Z	-�Z� �$��(�	)* �8#�� �#���� ���

���%/� $� �#�	2	� 1�� "#�A  ����* ���(�	)* %	)�A ���

"�*-�� ���  %����]5-7[ . ��	3� 1�� �"	� "#� $�

� $� ;4�5/�� �� �#�	2	��:���' �� =	5^H�g	� � %#�%	��� 

 ����* �(�	)* +��,�-�- ./�� &	)4 �� ;%��<�	3� &��'

"�*- �4 ��� ;4�%F� ;4�/^D �� 4��� �`	<�A � ;$�%-� $� 

 ��2_ $� ���	^� �_�ASaida ]7[ �Jiang ]8[ �

Linderoth ]9[ � Chen ]11-10[ �4 �< =H�D ���
 

! ��� ��� ;4�5/�� 4�
 �<%-4.  

    ����/����! ��#�	2	� ��	3� 1�� �4 �� �A��5/� 

 "#� ���2A ����� �< %-��ID �	0�A ����* $�H &	ZUA

:* &��J/� �	0�A � ���/����!  ���� �:4�< ��	�� ��?�2� ��

=
� %�� �� �?�� ����4 � ��#.��! ��	D]9-13[ . �"#������

1�� $� ;4�5/�� �� i#�/- &	�FA  ���%/� �U#��$* ���

 ����A�-4�� %���
 %����< .A �C�D�A 1�� $� �9	<�

;�	�  �4 ;4�5/�� ���� ����* � �j�#� ������ ! ��� 

=�� ����A .�� 1�� "#� $� ;4�5/�� ��  �< �L#��� :��A

�< =����4 �� B-�#��� "#�A� �H�E� ��	�� N#��� :���' �� 

4�<] 13 -2[ . $�	- �#��$* �<%-� 4�%EA �� 1�� "#� �4

:��$ � ��#.��! �� �_�A �� � =��  $* :4�� ���#��  �4 ��

�/Z- ��#�	2	� ��	3� 1��  ��&��
  �_�A=��  . ��� "#� $�

��	�� ���� �C�D�A 1�� $� ��� ! "#� �4  �$��

)�#�.H� ("�* (�	)* �4 ����* $�H &	ZUA :�.	� - � ��� 

 ����� � :* �4 ���/����! $� [# �� =<��U� %��4 "		EA

%� ;4�5/�� ��	�� =)�3�4 k��!.  

  

 %&� &  	��/&0.1  

       "#� �4��� !         ��%l�* "l�* +�5)�l� ml-� �l�* �4�l! �

)Merck d�ll�
 �ll� 99%ll��4  (  mll-� %	5ll� �4�ll! �

   �#%l� %l#�%	�����)Merck   d�l�
 �l� 99 %l��4  ( �ll�

        %l�/H� ��lZ� �l	)�� 4��l� :���' .   �	l?�A ���l�  ��%lJ�  pH 

  %	^ll<��%	� �#%ll� � [#��5)�ll� %	ll�� $� .ll	- ��ll<��

)Merck ( %� ;4�5/��. �#��$*     ��     "l�* +�5)�� �nF-� ��

  ��%�*)FeSO4.7H2O (    �#%� %#�%	����� �)NaBH4 (

     ���F� �	�A � �LJ� o* �4         �)�l� ��� =?�G �� �	)�� ���

  pYU�    ��%_ X��� ��1   f��-� =lH�D .    ��l<�� N#��l�

 �-�2- ����         ��#�l�4 �l?- $� ��pH       :4�.lH� q�l- � ��l<�� 

   [# �� �� ���F�          �4 �C�D�lA �3��@ X��� ��  �W#4  �l?-

  � %� �/H�D �-�D �    ��   :4�.H� �<100       ��l�F� �l/	) �l�	� 

  :�# ���3 ��*Fe
2+           �l� �l� ;��l2� �;�L
 ;�L
 +��� �� 

   %#%� :4$100           �l	3� :�l# ���l3 ��* ���F� �/	) ��	� 

;%��<BH4
- � ��	�� ��=H�D f��-� �^	@��b� :.2� .  

      ���F� :4�.H� ��    �l< %l� &	ZUA �W-� ;�	� o��� ���

 %��4 :�U-       4�l� �l	3� ��<�� 8#�� f��-� ; .    $� Bl! :�l#�! 

   o��� ���<�� ;%�* =�%�      ='�l� �l�      � �%l_ ��l�F� $�

          ���l� �lLJ� o* �l� ;%-�2	
�� ��� :�# "/
�� r��
 ����

       %l� �/^l� =
4 �� ��� "#%�C.         r��l
 ���l� �:* $� Bl! 

     +��, "	l� ;%-�2	
�� o* "/
��  ��clF�      �l� ��l� "#%l�C 

:�/��    %� ;4�4 �U/^� .	- . �4 =#��-�    o�l@�� ��l��4�! 

&ZU/�   $�    m-� ;�	� +��,�  �:�/l��       s�lA� ��l�4 �4  �4 �

             �M�l� d�l�
 �� :�D�* $�D $� �-�#�_ �� �� �?5F� :��4

999/99 %��4     +%� �� 4      �A %#4�D [U
 ='��  "	3�4

 �:%� [U
     4�� ��EH �	G +��, KL�  .��/5D    �l< =�� 

            �l� :4�� �-�- � ����* &	)4 �� ;%� ./�� +��,    �l� +%l�

  �� ��<�� ��� : 	^<�  %��4�A* � �� �$ %���� .  "	l2� ��

&	)4�        :%l� [Ul
 ;��2� �� +��, KL� �$�� ��EH �	G 

 /	2�� $� ; #� �  =�� ��4��
��  .    ��lEH �l	G � [U
 $� B!

 �:%�;4��*�H4�� m-� ;�	� .#� ��	^� +��, �#��- .  

         ;�W/l�4 ��	l�� �l� �$�lH .	)�l-*     BlZ#� �El�� 1��l!

)XRD (  �%l�Xpert-Philips ) Cu Kα = 1.54A, 

2θ=5-90
0 ( 4��� �4  �-�2- f�2A          ��l��W)� �4 � f�l�-� �l�

   �l_�4 �;%�* =�%�             1�� $� ;4�5/l�� �l� :%l� ���l�* �

Ohlberg- Strickler %� "		EA:  
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)1(      0

0

100 100 ( 100)X

x

IU
A X

I U
= − = − × ×  

     �L��� "#� �4U0 � Ux ��	�$ ��  [	!�-�2- �4 f�2A  

 ����� �����*�I0 � Ix [	! +%� q�2�� ��  �-�2- �4 ��

%-��4 u�9A�� ����* � ����� . �#4�J�A � X `	A�A �� 

�_�4 %�/^� �W�#���� � :%� ����*  . �#�	2	� `	<�A

 ;%� ./�� +��,��	�� �� v	@  �2A� oI_ ����

)AAS( �%� SpectrAA220- Varian�� � "	�C� 

=Y#� �����w�Z���Z	� �� .	- +��,  �U��� �-��/Z)� 

 �-�%	� &	^D1)FE-SEM( �%�                

MIRA3-TESCAN =H�D���
 ����� 4���.  

  

12�3�& /�� �� 4���5( 16�$7  

     �4 ����* $�H &	ZUA ��� �� �A��5/� ����/����!

�-���� �(�	)* Fe-B%-��4 �	0�A  . ����� 4��� ����/����!

1�� �� �3��@ �4 ;%� ;4�5/�� x�L� � �4 �C�D�A 

 ��%_1=�� ;%� ;4�4 :�U- .  �C�D�A x�@X��� �� 

 �L���)2 (�� :�	� 4��:  

)2 (           ( ): k

N
Taguchi Design L n−  

     �L��� "#� �4L ��C�D�A x�@ 4�2- NA E 4�%

�#��$* ��� n  � �		b/� x�L� 4�%EAk ����		b/� 4�%EA 

 %�#*�H �4���)���/����! 4�%EA (�� %���]2�4[ . "#� �4

:* $� ��3��@  �4��4 4�_� �FL� �� �/����! ���C �< �_

 %��E/� B#�A�� [# B!L9 �< 4�� %���
 `���� �� 

1�� X���  4��%-�/�� %��E/� B#�A�� 4��%-�/�� ���L9 

 ��%_ �42��� #%#4�D �.��� ! "#� �4 � ����� ���� 

:* x�L� � ���/����! ���2A &��<  4�%EA �� ��34) �L� x

�/����! :��A �� ( ��E#814�� $�	- �#��$*  . �4�)�3 �< 

 �� �� 4�%EA "#� �C�D�A 1��94�4 ���< �#��$* .  

  

23� & 4����  

      4�%EA9   �#��$*  X��� ��  "		EA ��W)�     ;%�   ��	l�� �l� 

      X�l�� �l� :%� ����* ���%��4 � f��-� %��E/� B#�A��

�L���    �)1 ( %� �9��F� .:�2� �-�D    �%_ �4 �<   �3  ;%#4 

��             u�l��� i#�l/- :�	� �4 ����* $�H %��4 "#�AM�� �4��

                                                             
1
 - Field Emission Scanning Electron Microscope 

 �#��$* ��3 � 5=�� .  

     &Zll�1  �#�ll2- �� �ll��/����! ��ll�� � ;%ll2' +��ll0� 

��  %�4 .         ���%l��4 �i#�l/- �M�� �#4�J� �< =�� pYU�

����*           "#����l�� � =l�� �?-%l� ��AM�l� :%��   �clYU� $�   

  �5	<" y�.� �C��   �/�� ��A"   �4   &	�FA-  %� ;4�5/�� i#�/ .

         $� %l�A��9' ���/����! ���� ��	�� x�L� �X��� "#� �� :A2 

)    ���F� :4�.H� ='��5    �J	
4 �� �/	) ��	� (  �B3)  ���4

 ��<��10�/-�� �_�4   4��lD(�C3 )     �l�* ��l�F� =l?�G

    "�* :�# ���31/0   �/	) �� ��� (  �D2)   ��%J�pH  ��<�� 

 �����7.(  

    �! �0� ����� ���� ����/���:�D�-�D +��,�-�- ./�� �4 

� 1�� �� ����*	2	�#��<�� "/^-�4 ��  �4 ;4�4 z� ���

3	3� ��<�� "	=�� ����j � .��<��  ���-�D�-�D  �

�UA ����#j�A � K	��<�� K � &��J/� ���:�	 

�����	�%# � %#! ��* ���F� �4 �)�J/-� .�H :�	 ;%� 4���U

=�� ]1[. ��* ���F� �< �-��$ ��3 �#:�Fe
2+ ���-  $�

 ���F� :��4 �� �cYU� ='�� �� "�* +�5)�� �nF-�

 ;%��<�	3� :�# ��*BH4
- ���- %#�%	���� �nF-� $� 

��<�� �	- �4�� ;4�.H� �#%�  �#$ +��� �� �	3� ���

=��]2[:  

)1(   2 2Fe e Fe
+ −+ =          0.44 o

E V= − 

)2(2 22 2 2H O e H OH
− −+ = ↑ + 0.83 o

E V= − 

)3(

4 2 2 2
4 2 2 4BH OH BO H O H e− − − −+ = + + ↑ + 

1.67 
o

E V= − 

 ��	/-    ��<�� �	- `	<�A  ���)2 ( �)3(� ��<�� )4 (

 �#$ +��� ���� %���:  

)4(       
4 2 2 22 4BH H O BO H

− −+ = + ↑ 

    3� �	 ��#�� "�* :�  %-��A��	�� �� �)4�E� )5 ( $�

<�A	- `	��<�� �  ���)1 ( �)3 (%#* =�%�:  

)5(
2

4 2 2 2
2 4 2 2 2BH Fe OH Fe BO H O H− + − −+ + = + + + ↑

    
ZUA	� �4 ��� &# "�-����- 	 �)4�E� $� .)6 (!	 ���

�� %�<:  

)6(    4 2 22.5BH H O B OH H
− −+ = + + ↑ 

    �#)4�E� "� ���3� ��<�� �4 &J/^� 	�#� �	2	�# �

J/^� �J-	:* ��Z2��� � %-��4 � ��� ��#ZUA N	)* &	 (�
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"�* ����* -�� �� ��� 	�� � 4$��]1[ .�J9@ $�  �%��

�/- ���4�2-# i;%�* =�%���$* $� #� ��� ���� �C�D�A 

 �/����!=^Y-4�D ;%��U� # �� ����* $�H %��4 �< %

 ���3 ���F� :4�.H� ='��#bA "�* :�		 �-�%�C +��

=�� �/��%- .�/9)���.H� #� �	� � ='�� �A# ���F� 1.

 ���3# "�* :�3� ���F� ��	 ���< 89@ �� � ;%��<�

F� ��Z2��� f%' �� ���� ��<�� f��-� :��$	 K

�A� ZUA ��� � "�* ���	 �L��� $� ;%� &)5 ( �)6 ( �4��4

/- �<	�� &Z� f%' :*  D	)* ��	=�� ����* (� .�/9)�� 

:��$ - ��<�� ���� �-M�@ ���	- o��L� :�%�C .	 =^

��C ^<� � :%� =��4 �<	�, :%� %ZUA +�	 �� ;%� &

=��4 %���
 �! �4.  

    � �� �_�A ��#" �_ � ,�5- �<� D	�A� �?�� ��  "�* ���

ZUA ����	�Z9� & - ����� 	 ;%��U� �4��4 M�� ���4 �� $�

 4�D# :���' �� ��4 ���< �< %#ZUA ���� 8-�� [	 &

 &2' ����� =)�3�<4 .�� "	�C� %��4 �� =?�G +��		bA 

 :%� ����*4 :�U- 4� =?�G �#�.H� �� �<Fe
2+ �4 

=H�# ���< ;%� &	ZUA ����* $�H %��4 ��	3� ��<�� .

8
�� �4���  # ��	3� ���� �< =5D :��A:�Fe
2+  �� $�	-

 ;%��<�	3� ��%J� $� �cYU� =?�GBH4
-=��  . �_�A ��

 ��#��$* "#� �4 ;%��<�	3� ���F� =?�G :4�� =��0 ��

�.�H :�# �� ;%��<�	3� �)�� =9^- �< %� �/H�D �?- �4 

�	� ����* $�H �=9^- "#� �#�.H� �� %#4�D &	ZUA ��A .

 �0� 4��� �4pH- 	��<�� �� �_�A �� .  ���)5 ( �)6 ( �4

3� ��<��	�� � /- :��A	 ���< �� �< =H�D ��pH 

F�	�A���) &�� X��� �� � ��<�� N	 ��<�� ��)5 ( ��

)�A =2�	 %Fe�<   ��<�� � �A)6 ()�A =2� ��	 %B 

�	� �� �A 4�� .�.H� ��# ��%J� �pH� �4 #��� "N#- 	 �0� .

���
 ���ZE�	=��4 � .�/9)���� �?- ��  � �4 %��# "

�� ��%J� =)�3	�� )�A �4�EA ���� ��	 ��� � �.�H "�* %

 ��%J� �4 �< 4��4 4�_�pH ����� 7=��  .� �4# =)�3 "

�	A ��� � �.�H "�* :�ZU	� ���� ;%� &#��� 4��#)* N	 (�

"�* ����* -4�D ���
�� �)4�EA ��� #� :* �4 �< %	� �A# "

ZUA ����* $�H %��4	%� &.  

  

  

  

 8������ ,�)��()ANOVA(  

     �� �< =�� ����* 4��%-�/�� 1�� B-�#��� .	)�-*

�� :* $� ;4�5/��  �	0�A :��A&��'  ���:�D�-�D �4 �� 

�	�� 4�Z�2' �� :%	�� ����� ��<4 . B-�#��� &	�FA

��.��� pYU� =�_ %�2A�%
 4�<��E� :  +��0� :4�� ��4

 �� � =���-�D&	�FA �4 ;4�/^D   ��Z� ����* ���

�� 4��]2[ . ��%_)4 ( 4��%-�/�� &	�FA �� u���� i#�/-

ANOVA ���� �� &��' :* x�L� � �� �� :�U- �� %�4 .

:�2��-�D �� ;%��U� �<  �F� =?�G �4�� ���3 ��* ��

 =<��U� %��4 �� `	A�A �� ��<�� ���4 � "�* :�#

31/55 %��4  � 28/35%��4  :�	� �4 �� �	0�A "#�AM�� 

%�/^� ���4 ���/����! . B-�#��� =9^- �� �_�A �� "	�{2�

) =9^-F ( �4 ��%_)4 ( �^#�J� �F-table KL� �4 

 4�2/'�5/97%��4 � �<, �� � #�/Z- "�< ^- ��%J� �D�  =9

���# 4��%-�/�� ���%_ �4 ;%� pYU� ��%J� $� B-�

�	� :�U- �%��� �A 0�A ;%��4	 �� &��' :* ���ID�

�/- �D%�<��!#�� �=�� i  ���A �< %	�� ��	/- "#� �� :��A

=�� ��4 ��E� x�L� "#� �4 =?�G �/����!.  

  

1�. 4���� *���� & "���  
             �C�D�lA �3��@ =	2�� �� � �-�#�! ��3�� l!	� �	 �l� 

              ��l?�2� �#�l�$* f�l�-� ;��l2� �l� ��	�� N#��� �4 i#�/-

          "	l	EA �l�	�� ��l��/����! �� �_�A �� ��	�� N#��� �����

 =�� ;%� .  ��%_)5 (��	/-  �	!        :�U- �� ;%� f��-� ��	�

��  %�4 .    �L��� X��� ��)3 (�	!          =l)�3 �4 �l< %l� ��	�

        �l� ����� :%� ����* %��4 ��	��7/96  %l��4   =l��.   �l� 

        �l�	�� N#��� �� %	#�A �#��$* f��-� �X��� "	2�    "	l	EA 

    f��-� .	- ;%�=H�D .  &Z�2         BlZ#� �El�� 1��l! i#�l/- 

      �� :�U- �� ��	�� N#��� �4 �-�2-  %�4 .   �< %#4�D ;%��U�

����* %��4 ���	�� =)�3 �4:%�     �l� �l����100 %l��4  

  %��<      �	! �� |��LA �4 ��	/- "#�      4�� �3��@ ��� ��	� .

����"#���     4�%3�4 4��*�� ��L
 3/3 %��4      �l< 4�� %���
 

:�U- �	! �#���< ;%��4 =�� �C�D�A 1�� �� ��	�. 

  

)3                   :(

( ) ( ) ( ) ( )
opt i i i i

T T T T T
Y A B C D

n n n n n
= + − + − + − + −
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��	�� N#��� �4 k��! �9��F�  

    � �4 #   �L��� "Ai   �Bi   �Ci �  Di  �l��# �� N	 EA �l� 	l	 "

  �;%�n   �#��$* &< 4�%EA      � ��T 2��     =�%� i#�/- &< q�

=�� ;%�*.  

     &Z� �4 .	- �U��� �-��/Z)� w�Z���Z	� �#��cA3 

 ����* �(�	)* +��,�-�- ;%��4 :�U-Fe-B��  %��� . $�

 �#��cAFE-SEM +��� �� +��, �< %#4�D ;%��U� 

 �#$ ;$�%-� �� � ���< �9#�JA100%-%� &	ZUA �/��-�-  . ��

+��, :4�� .#�� �-�- � ����* &	)4 �;%� &	ZUA �(�	)* 

��	/- �4 � ;4�� M�� ��	^� +��, ; #� KL�� +%� �� 

%-��4 :%� ;����D* � 82�A �� &#�2A .�� "	�C� ���� 

 �2A� oI_ ���� v	@ .	- `	<�A �4 "�* %��4 "		EA

4��� �4=H�D f��-� +��,�-�- .  �2A� oI_ .	)�-* i#�/-

 :�.	�89%��4 4 :�U- "�* ���� �� �-$� %��4 4�.  

  

�
�( �5��� 

           �l�	�� N#��l� "		EA ��� ! "#� �4       +��, �-�l- ./�l� 

   ����* �(�	)*Fe-B    �#�	2	� ��	3� 1�� ��     ;4�5/l�� �� 

    4�� �?-%� �C�D�A �3��@ $� .       ���l3 �l�* ��l�F� =?�G

      =<��Ul� �� "�* :�#31/55  %l��4         �l� ��l<�� ��l�4 � 

  =<��U�28/35 %��4       ��! :�	� �4 �� �	0�A "#�AM��   �l��/��

%ll-4�� ���4 . �ll5	< �cllYU� "/H�llD �ll?- �4 �ll�" �llC��

y�.�    �l/�� ��A"    �l�	�� x�Ll�          +��l� �l� �l��/����! A2 

)    ���F� :4�.H� ='��5    �J	
4 �� �/	) ��	� (  �B3)  ���4

 ��<��10�/-�� �_�4   4��lD(�C3 )     �l�* ��l�F� =l?�G

      "l�* :�l# ���31/0      �l/	) �l� ��l� ( �  D2)    ��%lJ�pH 

  ��<��7 ("		EA %�  .       ��l?/-� 4��� ��	/- ���	�� =)�3 �4

7/96 %��4         $� .	- %	#�A :��$* � 4�� 100  %l��4    ���l�* 

          4�%l3�4 ��	D ;$�%-� ��L
 �< =��4 =#�Z3 :%�3/3 

%��4 :�U-   ;%��4   �	! �#���<        4�l� �C�D�A 1�� �� ��	� .

  �Ull��� �ll-��/Z)� w�Zll���Z	� �#��cllA �ll< 4�4 :�Ull-

   $� ��cF� .#� +��,  $�%-� �� ;   �#$ 100 �/��-�-    ;%� &	ZUA 

=�� .            +��,�-�l- `l	<�A �l2A� oIl_ ���l� v	@ i#�/-

  ����* �(�	)*Fe-B    $� "	W-�l	� ��l@ �l� �< 4�4 :�U- �� 

89=�� ;%� &	ZUA "�* �-$� %��4 . 
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 1�� �� 8�
 %	^<� +��, �-�- ;$�%-� �� �0�� &���'

�C�D�A" %�_ �"#�- 4��� ���� �2 ;��2� �3 d �11 -20 �

 ����1391. 

 

6���.�/  
 =�
�1->( ?�@. ��$�  	� 4 �AB ��$� 1��C-�� �� $-����B � .  

���/����!   KL�1  L� K2   KL�3  

A :���F� :4�.H� ='��mlit/min 10  5  1  

B :��<�� ���40
C  30  20  10  

C : ���F� =?�GFe2+ mol/lit    1  5/0  1/0  

D : ��%J�pH ��<��  5  7  9  

  

 =�
�2-
��%-� 8�$&�� L9 4���5( �� ���D-.� ���� .  

 pH ��<��  

 

"�* :�# ���F� =?�G 

mol/lit  

��<�� ���4 
0C 

F� :4�.H� ='����� 

mlit/min 

�#��$* 

5  1 30 10 1 

7 5/0 20 10 2 

9 1/0 10 10 3 

9 5/0 30 5  4 

5 1/0 20 5 5 

7 1 10 5 6 

7 1/0 30 1  7 

9 1 20 1  8 

5 5/0 10 1  9 

  

 =�
�3-12�3�& =�
� ��  	���� 5� E� $  ��$� >
� '���( 
F�� .  

9 8 7 6 5 4 3 2 1 �#��$* 

94/82  13/65  17/78  81/74  94/85  53/68  24/89  45/80  80/47  :%� ����* %��4  
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 HI�1 – ������ $J��� 1������ ���6� 4"��� �� $-����B 5� E�$  ��$� 1
F� .  

� =�
4-  ���
��-.� H�
L& M��-� ANOVA.  

F-table (97.5%) =39 

 =�
�5-�� ���($� 12�3�& 16�$7 M��-� N�.� $� 1������ ���6� 4���5( O���� 	"��� #��$� �� �$. 

  

>�-.  � $-����B  ���5( 	���  *�%�$� P���� 8������  8������ QRS�  Q���T� 
F��  

1  A :=�
L� >��,U� QV$.  -  -  -  -  -  

2  B : 4"��� ����  2  99/484  49/242  43/19  28/35  

3  C : =�
L� QW
XFe
2+ 2  18/746  09/373  89/29  31/55  

4  D : ��
Y�pH 4"���  2  78/47  89/23  91/1  75/1  

�@Z  Pooled (A) 2  97/24  48/12  1  65/7  

P����  
 

8  92/1303        ≈%��4 100  

$-����B [�F�&  \@. [�F�&  \@.  Q���T� 
F��  

A :=�
L� >��,U� QV$.  A2 2  65/1  

B :4"��� ����  B3  3  56/7  

C : =�
L� QW
XFe
2+ C3  3  68/9  

D : ��
Y�pH 4"���  D2 2  04/3  

4���5( M��-� ��]���� �       77/74  

	��-�  	"��� #��$� �� ��W-�� ���� �      7/96  
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 HI�2 –12�3�& 16�$7 	"��� #��$� �� �
� ,-". 	���� ��$� /�$B ��])� $��_& .  

  
 HI�3 –  $���_&FE-SEM '���( ����)( *��+ ���� 5� Fe-B 12�3�& 16�$7 	"��� #��$� �� �
� ,-". 	���� ��$�.  

 

 

 

 

 

 

 

 

 

 


