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Q� ,���
� �.9 ,���� 9� ��)��)]�[:

)h(h�) W.��9' ���$  �Y *W.��9' ����  ���$ �Y = (,���M��9'

            ,FG �F�� T.� �� ��( ������I�� S����' =&� ��  L�F	 

          ��IVFY C�FI�� k��Z M�Y�I����; ��.��( �� �z�� M�Y�I����;

           QF� �F��w  kF��Z ���F.��9' JF��  QB��V� & ��F)�� .�  �F�

      W.�F�9' �� SF�� =��Ip� M�Y��wI�     QF� ��z�F  �FY �F���>B .

           M�F�.� ��FY =��FIp� M�Y��wI� ,� AIV�� U��� L&�+�

    Q� W.��9' _. �� ,� ��� �F)�� ���� ����  .   �F� QD�B�F 

           M�FY�I����; 9� Q6��F� lF���� QF.���� M�Y���$� _	�

         A6�SF� M�FY��I��( ,� ��V� �� ����V6 �. ���w  ,� ��X

Q� L�	����Q� R������..

��V�   M�FYSN        U�F.9 ~��F  9� ���KIF�� �F� 0  L&� ,F��� 

 ���' ����      Q� ����� �� U�E�� T.� & ���    ��Y &� ,� ���&'

   U�FF) kZ��FF6 & �FF��; ,FF� [.�FFI� T����FF�� U��FF� _FF.�S�

    �.' ���� U��S	Y ���� T������ C�6 :��.��& .   QFIZ& �>F�

W.��9'         JF��I� M�F*� R���F) ���E  ��� ��D �Y  M�F�B   9� 

  ��V� 9� �Y���E   M�YSN  Q� ���KI��  ��F) .   ��VF�SN  9� 

Q� ,���
� �.9 ,������)]�[         :

)m(

MSD      q.�$  ���; r�� ,� ,��  ��    ���� Q &�FKI� M�Y .

       Q� ,���� ���; U�) �IB�S� �� AIV�� �B�   R���FBMSD  9� 

Q� ���� �.9 ,�����.':

){(

���; U�) �D�G �� AIV�� �B�Q� ,���� ���B]�[:
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         ��Y ���+� ���X� �� M�.>;���w  WY�� �B� &)yo ( ��

 R�)�� �P�MSDQ� ���� �.9 ,���� 9� �.']�[:

)�(
2

1

)(1
o

n

i
iN yy

n
MSD −= ∑

=

   J��&� ��1  R?   & c   R n     & �Y���E  ���$  yi    �F��; ���+� 

��� ���E  �Y %���.

 I�� L���Y  wI� 9� ���K��  �SN        ��FY U��F	� ,F���� M��� 

         ��VF� TF.� ,G ��	� i�"I�� �� Q6��� �.��     �}���F6 �� �FY

��G.

 اوليه و روش آزمايش اوليه و روش آزمايش اوليه و روش آزمايش اوليه و روش آزمايشموادموادموادمواد----2222

           & L���F� M�F�����' ,��N��G 9� �.�� Q�' C��
� ,��	�

 ,�+� ��      �) ,��  ������' l���  9� �$� M� .   Q.��	�F) S����'

  k��FF) C�FF�
� TFF.�gr/l1c��FF�' ���A Rgr/l20�FF� . RA

ppm02<��FF��& . & Appm34��FFB ���FF� A.Kelex100 9� 

  FD ����� �  T F�  �F) , .�.    9&�F� & C���F��&S.     ���F� �F� T

Merck    �(�B ���Z ���KI�� ����  .W.��9'   �� H��"I�� %�Y

      5�Y J��  & ,I���;�� =&� ,� C76      �F� & Q��FI�*.� ���;

     �) L�*�� QV�X��w� US	Y 9� ���KI�� . .��9' ��W�Y.  ,G 


   M��� ��oCcc         �� M���.�; xK6 ��P�	� R�) L�*�� u�� ,� 

                ��F� RQF�' 9�F( �F6 9� W�F� ��"�  9� M��B��� & ��.'�(

     Q� �&�V� =�;�� �. J��  ����G�&�) .     L�F*�� 9� �F$�

             ��F� 5�F.�I
� QF�' 9� Q�' 9�( W.��� ��P�� ,� W�G�&

�FF) kFF+I�� ��I��FFG� qFF�Z �FF. kN��FF� ���FF�G�& . ��FFP�	�

�            W.�F�9' �FY R[.�I� M���' k��
  & ,.S*  �� �Z� W.�S(

 �FF) L�FF*�� ��FF� &� .  =&� ,FF� A���FFB RU�FF.�; �� &ICP & 

        �9���� Q�' 9�( �� Q	 � i>� =&� ,� A������'   �F) M�F�B.

���� S���FF�' ��FF�' & �FFY���& SFF. :��(ANOVA) =&� ,FF� 

           SF�� & �FY�I����; ,���� ���� Q.����) ��P�� ,� QD�B� 

 �; ��z�         L�F� ,��F��� RQ��F.9�� �� U�B���B %�Y�I���  ��SF(�

EXCEL�) L�*��  .

طراحي آزمايشطراحي آزمايشطراحي آزمايشطراحي آزمايش----1111----2222

� ����B�k�E�  9� M        مطالعات  �P�	� ,� ��� U��� ,��&�

              �F����Z W.�SF(� & M��F�� o��t.�IF�� L�F��Y �� L�� 9�(

  C76 J��  A���B Q��"I�� H��"I��)Kelex100(   r�F� �F.�� R

     � C��� � 9� ��) ���KI�� kE��      �F��w  RT���� M���E�� �	� ,

��� .             C���F � 9� kFE�� r�� ��) L�*�� 5�$���� ,� ,��  �� �>�

%e`     �F(�. ���w  C�����&S.� ,� ]�[R]�[ . kFE��    �F�*�9 M�FY

            M��F.9 M9�F� ��� 5��Z M���� RA� T��� ���$  �� �� ��

                   ,F� �� QF�' & QF�' 9�F( ��F	  ��F� k��� T�	Y ,� & ����

�� & ���� W.�SFF(� 5�FF)  �� C7FF6 Q��FF"I�� 5��FFZ ,FF*�I�

Q� WY����Y�]�[.
 QFF��Z 5�FF$���� �� U�FFD]�[R]�[R]�[  ��FFX ,FF�	� 9�

             �F� T.9&�F� M�F �� RL���F� ��VF��� 9� A���B H��"I��

 v�Z� ��.������              TF.� �� R��F� ���F�� 5�F�z� ,F� [F.�� M�Y

   v�Z� U���� ,� ,$����   i�"I�� ����� �F) .     lF���  ,F*�I� ��

 S.� RT.9&�F� k��)  C���F��&&Kelex100   lF���  U��F�$� 

�) i�"I�� QY���.��9' 5�$���� M��� Q�' 9�( ���z.

��	�V�           RT.9&�F� QF����  ��VF� ,F���� ���+� Q.����) 

 & C���FF��&S.�Kelex100   TFF.� ���FFY� T.�FFI	�� 9� QFFE. 

 ��� ,$���� .          �F8�� & C���F��&S.� �F8�� ���F+� T.������

Kelex100 Q�FFFF8� �I����FFFF; &� U��FFFF�$�  5�FFFF$���� ��

  �) i�"I�� QY���.��9' .        L�F	  �� ,� ��.� A�� �I����; _.

     Q� A�� C76 �� H��"I�� M�Y��.'�(      QF	*6 ��VF� R�F)��

     Q� Q�' 9�( ,� Q�' 9�(�)�� .    5����w  �z� Q.����) T.������

            �F�.� ��FY A������' & A���B H��"I�� M&� �� ��I��( T.�

  �FF(�B ���FFZ QY���FF.��9' 5�FF$���� .����  & ,FF��&� 5�FF$

 Q��Z 5�$����]�[R]�[R          U�F�9 & ��� �I����; &� ,� ��� U��� 

           QF� �z�F� A���FB C7F6 �� H��"I�� M�Y��.'�( �� �F)�� . &

           Q.����) ,� L9u & ,P67� k��Z R��.'�( M&� �� ���' ��z� 

Q��)�� .         M�FY�I����; U���� ,� S�� �I����; &� T.� T.������

    Y���F.��9' 5�$���� �� Q�8�  ���F) ]�F
� Q . QF����  �FY

           QF� �F�� �F� k��+  �� U��9 ,� ��� U���   �&�F
� �� �F��� �

           ,� A���B H��"I�� U�S�� ��.� ��X 9� & ��� ���w  Q$��&

     Q� ��V6 ���V� C76 �8�� 5����w �)��]�[R]�[ .  ,� �>�

     L�F	  ,� �) ,I(�B A�	^  5����w  T.� �I�� Q.����) k���

     �� Q�8� �I����; [�;c  �F�        �F���B ���FZ ,F$���� ���F� � .

QFF��Z 5�FF$���� 9� ���FF� TFF.� ���FF+�]�[R]�[ M�FF
� ,FF� &

                TF.� �� ���>F� M�FY�I����; ,F���� ��F� ,F� �F) i�"I��

  ��FF�B ���FFZ ��FF) i�FF"I�� ���FF� T�FF� �� 5�FF$���� .��

  C&��)2(             �F��' Q��F"I�� ���F� ���F+� & Q�8� k��� n�; R

  ��� ��) ���&' . � ��z�F  �8�� ��"�  ���   kF���� TF.

         �F) ���KIF�� QD�B�  M���' S����' =&� 9� Q�8� .  T�F�&�

         �� �F� ,FG �F�� lF���� ,F.��' i�"I�� =&� T.� 9� ,�6��

           i�F"I�� M�FY�I����; ,F��G M��9' ,��� r�	*� TI(�B �P�
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            �F)�� U' 9� �FI	G �F.��� RQ��"I�� ,.��' M��9' ,��� R��) .

     9� �FI	G �FF.��� Q��F"I�� ,FF.��' M��9' ,F��� �>F�0<�FF)��  .

    ,F.��' T�� 9� QD�B�        ,F.��' R��F��� M�FYL25  ��  lF����

 ��� ��"�  .       ,F.��' T.� 9� ���KI�� ��c       �� Q�F8� kF��� c

Q� Q���� k��Z ����)��.

     C&�� �� ,� �����	Y)2 ( 
� ,P67�  �I����; n�; R��)

     �� %��F� ��) i�"I�� 
�8��     ��F) %9�F� ,F�.   H��"IF�� J

��B�    
	*6 ��V� R��� Rk��) A          U�F�9 R
F�' 9�F( ,� 
�' 9�( 

'�(.    � 
F	*6 �8�� R��.          �F8�� & 
F�' ��F( �� C���F��&S

    ����� H��"I�� 
	*6)Kelex100( ��� R.    ,���� & ��&�
� 

          
F��Z 
 �F$���� %�FY��� 
F���� 9��I����; �Y ,F�  JF�� 

U�++
�q�I"���' ���� R��� ��) L�*��]�[R]h�[ R]hh[.

C&��C&��C&��C&��))))2222((((::::���' ���� & �Y�I����; ���' ���� & �Y�I����; ���' ���� & �Y�I����; ���' ���� & �Y�I����; W.��9' 
6��X �� W.��9' 
6��X �� W.��9' 
6��X �� W.��9' 
6��X �� 

5 4 3 2 1 Parameter  level
75 65 55 40 27 (A) Temp. (oC)
5 4 3 2 1 (B) A/O

210 150 90 60 30 (C) Time(min) 
25 20 15 10 5 ) %((D) Isodecanol
15 12 9 7 5 (E) KELEX100 (%)

      $  & 
�8� %�Y�I����; i�"I�� 9� �$���    �F��' ���F� T ,

  ��' 
D�B�  =&�. ��9' ,.W�Y.   �� ,� �� 
 F.     R��F) L�F*�� �

 
� ,!������ .  � 
D�B�  =&�.  r�	*� ���� �� �� i�"I�� T

      
� L�*�� ��) i�"I�� %�Y�I����; %��9' ,����Y� . v����

 � ��.      � ,� ,��  �� & =&� T.        I����F; �FY %��9' ,F��� ,FE� �

             ��F� %�F��� �I����F; �FY ���� ���$  �� ����� F.   R�F�� _

            TF�� �� ��F) i�F"I�� %�FY�I����; %��9' ,��� ,��	*�

    �� ����� ,$����0< �F��  .   �� 
D�B�F  =&� vF�X U�FD F. �

  ��' %��9' ,���.   � ��) i�"I�� , F�   9� �I�0<   ��' R�F)��  F. ,

    C&�� �� ��) ���� U���)0 (  ��9' ���$  ��.  W0c    ,F��� & 

 %��9'0?��� ��) i�"I�� 
D�B�  =&� ,�.

C&��C&��C&��C&��))))0000((((::::��' ��' ��' ��' ....��9' ,��9' ,��9' ,��9' ,....
D�B�  =&� J��  ��) 
6��X 
Y���
D�B�  =&� J��  ��) 
6��X 
Y���
D�B�  =&� J��  ��) 
6��X 
Y���
D�B�  =&� J��  ��) 
6��X 
Y���

 و تحليل يافته ها و تحليل يافته ها و تحليل يافته ها و تحليل يافته هانتايجنتايجنتايجنتايجارائه ارائه ارائه ارائه ----3333

آناليز استانداردآناليز استانداردآناليز استانداردآناليز استاندارد----1111----3333

          C&�F� �� A������' & A���B ���+� S����' [.�I�)1 (  ,F!���

 ��� ��) .     �F+� ������IF�� S����' ��    ���F+� ��FY �F�wI� ��

 A���B �P�p ����	�Z��      lVF6 �� ppm         9� �F$� QF�' 9�F( �� 

  Q� W.��9' L�*���)�� .      :��F.��& S���F�' [.�I�)ANOVA(

 C&�� ��)? (   ��� ��) ���� U���. Q� U��� C&�� T.�  �Y�

   ���+� ,�Kelex100) H��"I������� (       �F� QF�' 9�( ��%{m R

     �� ��� & T.�I���%�/m  z�  T.�I	�      H��"I�� ��.'�( �� �� ��

 ���� A���B.          C&�� �� ,G A������' & A���B ���+� S����' [.�I� 

  ���	))1 (         QF� U��F� R�F�� ��F) ,F!���      i�F"I�� ,FG �FY�

           W.�F�9' ,F��G �� C���F � M�F� ,F� C���G�&S.�    5��FZ R�FY

     �F�� ���� W.�SF(� �� ����G H��"I�� Q��"I�� .   ,FG M��F��

 ��FF�' H��"IFF�� ���FF+� T.�I�FF�� A���FFB �FF� ���FF	Y A���%`

QFF��FF)�� . H��"IFF�� �FF� ���FF+� TFF.� &1? �FF� U' M�FF8�� 

    Q� ,��  k��Z C��� � 9� ���KI���)��]e[ .    �F��z [.�FI� TF.�

E D C B A Test No.
1 1 1 1 1 1
2 2 2 2 1 2
3 3 3 3 1 3
4 4 4 4 1 4
5 5 5 5 1 5
4 3 2 1 2 6
5 4 3 2 2 7
1 5 4 3 2 8
2 1 5 4 2 9
3 2 1 5 2 10
2 5 3 1 3 11
3 1 4 2 3 12
4 2 5 3 3 13
5 3 1 4 3 14
1 4 2 5 3 15
3 5 5 1 4 16
4 5 1 2 4 17
5 1 2 3 4 18
1 2 3 4 4 19
2 3 4 5 4 20
5 2 4 1 5 21
1 3 5 2 5 22
2 4 1 3 5 23
3 5 2 4 5 24
4 1 3 5 5 25
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Q�  C����� ,G ��G       T�F� ��	  ��� C���G�&S.� ��S� M�Y

       ��� ���� WY�G �� Q�' & Q�' 9�( .    y��� [.�I� T.�)   ,FG R�

     F��
  & ,F.S*  ��P�	�           A���FB SF�( �FP�p R[.�FI� M��F�' k

��) q.�$  ��Y �I����; U���� ,� Q�' 9�( �� ����	�Z��.

 C&�� C&�� C&�� C&��))))1111((((::::+� +� +� +� ��������.... ����	�Z�� �P�p ���	Y ,� A���B Q��.9�� � ����	�Z�� �P�p ���	Y ,� A���B Q��.9�� � ����	�Z�� �P�p ���	Y ,� A���B Q��.9�� � ����	�Z�� �P�p ���	Y ,� A���B Q��.9�� �U'U'U'U' ��  ��  ��  �� 

Q�' 9�(Q�' 9�(Q�' 9�(Q�' 9�(���B H��"I�� 9� �$� ���B H��"I�� 9� �$� ���B H��"I�� 9� �$� ���B H��"I�� 9� �$� AAAA

*W.��9' ���E  [.�I�

            ,�F��
� :��F.��& ��VF� ,VF.�+� ��F�( U��9' v�X

  C&�� �� ��))� (       ��	I�� ��� �� ������I�� ���( ���+� ��

%��) ��h/m(  Q� U��� R       9�( �� A���B �P�p 5����w  ,� �Y�

  ,� ��V� Q�'   Q�$� �Y�I����; 5����w    QF� ��� �F)�� .  ��F��

             ��F) ,�F��
� :��F.��& ��V� U�D ��� M��� C�}�)�/{ (

   9� �IB�S���h/m Q�             �F� �F�� 5��F��w  �Fz� ,F*�I� �� �)��

Q�$� Q�' 9�( �� A���B �P�p M&�Q� ����)��.

  C&��)c(      M��F� �� QF�' 9�F( �� A���FB �FP�p J��I� R

     �F� M�FY�I����; q�I"� ����     TF.� ��z�F  & ���� U��F� �z

     Q� U��� Q��.9�� �� �� �Y�I����;�Y� .     C&�F� 9� ���KI�� ��

)c (Q�              T�F�$  ��FP�� ,F� �� �FY�I����; ,F���� ���F� U�� 

     ��F� �"�� ��.'�( ,���� J.��) .  C&�F� ��  ���>F�    TF.� 

 � ����  , ,.�� 5��8 Q� �"�� �����)�� .  R��FY U�D

   �( 9� �$� Q�' 9�( �� A���B �P�p   QF� H��"IF�� �F�.'  R�F)��

            i�F"I�� ,F���� U��F�� ,F� Q
�� �I����; �Y M��� T.������

              9�F( �� A���FB �FP�p T����F�� T.�I	� M���� ,� ��� ��)

��� Q�' .

C&��)c(        k.@ 5��^� �� A���B H��"I�� ,���� J.��) R

Q� T��$ ���:

- �� ����� L�� ��� �� ���cc�����I��� ,��� R

- � ,FF� �FFP� 
FF�& .,FFE� �FF� C�FF�
� %�FF�� . �)c< ,FF��� 

I��������  (         
� WY�� 
�' 9�( �� ��	  9� :;.    
F� �>� ���

     ��� L&� ��� U�� )21?/c1 (       ��F� �� 
����D �7IN� ,�

  L��)c?4/c0 (��   ����� S.   %��� 
�$?<    I��F� ,F��� � ����

�� U���� ,� ����(�B �P� �� ,�.

-6 ��V�*� ����� C&� ��� �� Q�' ,� Q�' 9�( Q	 �2:2

- �� ����� L&� ��� �� ��.��( U��9`< ,+�Z� 

-           ��F� �� QF�' 9�F( �� C���F��&S.� Q	*6 ��V� U�S��

 �� ����� C&�%c

-     QF	*6 ��V� U�S��Kelex100         ��F� �� QF�' 9�F( �� 

 �� ����� L���D%hm

      W�; ,���� J.��) �� A���B �P�p ���+�   v�X R��) Q���

  �F.��B ,�F��
� �.9 ,����:  �FB� Ai ,Bj ,Ci ,   ,F���� J.��F) 
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)�(
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 ��� ��i ���� ���Z .W�; J.��) ��   ���F+� T.� R��) Q���
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  Q� Q��.9�� �8���)�� .        ��F) ,�F��
� U�F��	X� ��&�F
�

  ,FF���� vFF�X A���FFB Q��FF.9�� M��FF�)� (  �FF� �FF����{/h�±
Q��)��]�[.

)�(
e

ef

n

VF
IC

*
. ),1,( α±=

    U' �� ,Gα   R�V.� Ve     R�F�N :��.��& f   ��9' ,F���  M

   & ��Nne    Q� �z�� M�Y����  ���$         �F.9 ,F���� 9� ,G �)��

Q� �����.' :

)�()�z�� M�Y�I����; M��9' ,��� r�	*�+h) /( k� ���$ 

W.��9'�Y =(ne

              ,F���� J.��F) �� M�F�.�  W.�F�9' _F. ,�6�� T.� ��

Re*
Ga(%)

Re
Ga(%) SNS

*Ga
(ppm)

Ga
(ppm)

Test 
No.

39.24 30 -35.121 52.86 60.9 1
29.66 23.86 -36.092 62.2 66.24 2
17.15 22.80 -36.860 72.08 67.16 3
31.72 25.49 -35.871 59.4 64.82 4
27.48 30.13 -35.841 63.09 60.79 5
73.68 79.82 -26.195 22.9 17.56 6
58.44 61.74 -30.820 36.16 33.29 7
5.08 9.18 -38.150 82.58 79.01 8
35.46 33.60 -35.112 56.15 57.77 9
17.26 15.01 -37.262 71.98 73.94 10
25.69 32.79 -35.797 64.65 58.47 11
68.90 76.20 -27.639 27.06 20.71 12
66.51 69.10 -28.953 29.14 26.88 13
13.37 15.51 -37.437 75.37 73.51 14
13.47 14.48 -37.483 75.28 74.4 15
39.98 44.16 -34.054 52.22 48.58 16
31.11 28.44 -35.722 59.93 62.26 17
71.31 74.36 -27.485 24.96 22.31 18
25.53 27.18 -36.134 64.79 63.35 19
12.25 9.37 -37.798 76.34 78.85 20

75 83 -25.390 21.75 14.79 21
19.32 15.61 -37.125 70.19 73.42 22
24.24 20.14 -36.614 65.91 69.48 23
11.08 6.34 -38.002 77.36 81.48 24
52.10 56.44 -32.004 41.67 37.9 25
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      �FF� �FF���� U' �� A���FFB Q��FF.9�� & �FF) L�FF*��%h�/�m�9����   ,F� �) M��B    QF� ��F) ,�F��
� ��&�F
� �� �F)��.

 C&�� C&�� C&�� C&��))))????((((:::::��.��& S����' [.�I� :��.��& S����' [.�I� :��.��& S����' [.�I� :��.��& S����' [.�I� ))))ANOVA((((���� M&� �� ������I�� ���� M&� �� ������I�� ���� M&� �� ������I�� ���� M&� �� ������I�� Q�' 9�( �� A���B �P�p M�YQ�' 9�( �� A���B �P�p M�YQ�' 9�( �� A���B �P�p M�YQ�' 9�( �� A���B �P�p M�Y))))ppm((((H��"I�� 9� :; H��"I�� 9� :; H��"I�� 9� :; H��"I�� 9� :; 

 C&�� C&�� C&�� C&��))))cccc((((::::q�I"� ���� M��� Q�' 9�( �� A���B �P�p J��I� q�I"� ���� M��� Q�' 9�( �� A���B �P�p J��I� q�I"� ���� M��� Q�' 9�( �� A���B �P�p J��I� q�I"� ���� M��� Q�' 9�( �� A���B �P�p J��I� (ppm)

SNSآناليز آماري نتايج با استفاده از متغير آناليز آماري نتايج با استفاده از متغير آناليز آماري نتايج با استفاده از متغير آناليز آماري نتايج با استفاده از متغير ----2222----3333

C&�FF�)1( �FF�wI� �.��FF+� RSNS���� M��FF�  �FFP�p M�FFY

  9�( �� A���B    Q� U��� �� Q�' �Y� .   C&�F�)` (    S���F�' [.�FI�

     M�Y��wI� M&� �� :��.��&SNS   Q� ,!��� �� �Y� .   TF.� v�X

              ���F+� �F� ��F) ,�F��
� :��F.��& ��V� ,V.�+� & C&��

       U���	X� ��� �� ���( ��� ������I��ec  �F8�� )133/`( R

Q�Q�$�          �F� R��F) Q���� M�Y�I����; 5����w  ��z�  U��� 

 ����w  M&�        U��F� �� A���FB �P�p 5 QF� �FY� .    �F�� TF.�

      9� ���KI�� ,� ��� U���SNS    ���� M���' S����' �� R T.� M�Y

            ��F�� A���FB Q��F.9�� �� �Y�I����; ��z�  ��) y��� R��.'�(

�FF)�� ,IFF)�� QFF	� . A�	^FF  QFF���� ,FF���� �� ,FF*�I� ��

              �F� �z�F� M�FY�I����; TI(�F. ��	� ��P�� ,� ,� �) ,I(�B

.'�( ���� M&� �FF� R�FF� C&�FF� M�FFY)� ( 5�FF��	�Pooling

��) L�*��.

 C&�� C&�� C&�� C&��))))`̀̀̀((((: : : :  ��wI� 9� ���KI�� �� :��.��& S����' [.�I�  ��wI� 9� ���KI�� �� :��.��& S����' [.�I�  ��wI� 9� ���KI�� �� :��.��& S����' [.�I�  ��wI� 9� ���KI�� �� :��.��& S����' [.�I� SNS

���    =&� �� v�Pooling       ��F��� M�FY�I����; U��� 9� R       QF� ��FY �F�wI� M&� �F� �z� T.�I	� M���� ,� ���  R�F)��

Effect 
Percent

Pure Sum 
of Square

Variance
)F(Ratio Variance

Degree 
of 

Freedom
Sum of 
Square

2.509 494.706 3.700 169.476 4 677.903 Temp
22.372 4402.705 25.033 1146.476 4 4585.902 A/O 
6.511 1283.880 8.008 366.769 4 1467.077 Time
24.901 4910.167 27.803 1273.341 4 5093.364 Isodecanol(%)
32.371 6383.179 35.843 1641.594 4 6566.376 KELEX100(%)
11.381 45.799 29 1328.177 Error

100 FTable(4,29,0.05)=2.701 4643.455 49 19718.799 Sum

Level
5 4 3 2 1 Parameter

55.395 55.359 52.547 53.134 62.854 Temp.
65.424 67.4 53.951 51.046 41.468 A/O
53.823 52.531 53.952 52.369 66.614 Time
68.962 57.954 62.738 49.406 40.229 (%) Isodecanol
42.602 42.248 59.257 65.506 69.678 KELEX100(%)

Effect 
Percent

Pure Sum 
of Square

Variance
)F(Ratio Variance Degree of 

Freedom
Sum of 
Square

0.0 -3.773 0.85 5.346 4 21.383 Temp.
16.8 65.344 3.6 22.625 4 90.500 A/O 
3.59 13.966 1.55 9.781 4 39.123 Time
15.62 60.756 3.41 21.478 4 85.913 (%)  Isodecanol
17.26 101.795 5.05 31.738 4 126.952 KELEX100(%)
37.82 6.289 4 25.157 Error
100 FTable(4,4,0.05)=6.388 24 389.028 Sum
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 �) ���� .     �  U���	X� ��� �B���     �&7� R���. WY�� �8�� 

  QFF	*6 �FF8�� �I����FF; �� 5��FF��w  u�FF� �I����FF; &� �FF�

Q�$� S�� C�����&S.�Q� ����)��.

 JFF��I� �.��FF+�SNSC&�FF� �� )3 ( U��FF� ��FF) ����
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C&��)� ( ���� 5&�K  .          9� ���KIF�� �F� M��F�' S���F�' =&�
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� QFF	*6 �FF8�� Kelex100  �FF� �FF���� QFF�' 9�FF( �� %h�

 C&�� C&�� C&�� C&��))))4444((((:::: ��wI� 9� ���KI�� �� :��.��& S����' [.�I�  ��wI� 9� ���KI�� �� :��.��& S����' [.�I�  ��wI� 9� ���KI�� �� :��.��& S����' [.�I�  ��wI� 9� ���KI�� �� :��.��& S����' [.�I� SNS k	� 9� �$�  k	� 9� �$�  k	� 9� �$�  k	� 9� �$� Pooling

Sum of 
Square

Degree of 
Freedom

VarianceVariance
)F(Ratio

Pure Sum 
of Square

Effect 
Percent

Temp.----------------------------------------------
A/O 90.500422.6253.88967.23017.282
Time39.12349.7811.68115.8534.075

(%) Isodecanol85.913421.4783.69262.64316.102
KELEX100(%)126.952431.7385.456103.68226.651

Error46.54085.818FTable(4,8,0.05)=3.83835.890
Sum389.02824-------FTable(4,8,0.1)=2.806100

 C&�� C&�� C&�� C&��))))����((((::::T������ ���+�T������ ���+�T������ ���+�T������ ���+�SNS�Y�I����; q�I"� ���� %����Y�I����; q�I"� ���� %����Y�I����; q�I"� ���� %����Y�I����; q�I"� ���� %���

  ���+�SNS    	X� ��&�
� & ,����     J.��F) �� U' M��F� U���

       U���	X� ��� �� & �.�� ,����%��      �F� ����� l� �I� ��/m��

  &��/m± W�;  �.��B Q��� .        �FP�p %��F� lF� �I� �.��+� T.�

          �F� C��F$�  
�' 9�( �� A���Bppm��/h�      Q��F��	X� ,F���� �F� 

    �F� �����)ppm{�/m�   R ppm��/h{ ( ��IVFY .  Q��F.9�� �F8��

          �F� ����� l� �I� R�.��+� T.� �� C��$� A���B %��/��    M��F� & 

     �� ����� U���	X� ,����%)��/��  R%hh/��  (Q���)�� . W.��9'

     �) L�*�� ,���� J.��) �� M��.�  .     T.� �� A���B Q��.9�� ���+�

    �� ����� W.��9' %��         ,�F��
� U�F��	X� ��&�F
� �� ,� �) 

���� ���Z ��).

گيريگيريگيريگيرينتيجه نتيجه نتيجه نتيجه ----4444

Level
5 4 3 2 1 Parameter

-33.827 -34.238 -33.444 -33.508 -35.957 Temp.
-36.078 -36.511 -33.595 -33.480 -31.311 A/O
-34.199 -32.969 -34.323 -33/051 36.431 Time
-36.802 -34.969 -35.083 -32/748 31.472 (%) Isodecanol
-31.394 -31.731 -34.763 -36.283 -36.802 KELEX100(%)
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Optimization of extraction conditions of gallium from Bayer solution using 
Taguchi experimental design

M. Abdollahy, S. M. Koleini
Tarbiat Modares University
M. Keikhaie
Tarbiat Modares University

A B S T R A C T

Solvent extraction of gallium from Jajarm Bayer process liquor was 
carried out using Kelex100. Organic phase including Kelex100 as an 
extractant, isodecanol and kerosene were used. In this research, 
Kelex100 and isodecanol concentrations in organic phase (%v), aqueous 
to organic phase ratio, time and temperature were optimized using 
Taguchi experimental design method (L25(55)).
Optimized conditions were determined as : T= 40 oC, Time= 60 min, 
A/O ratio = 1:1, Kelex100= 12% (%v) and isodecanol = 5%(%v). 
Under these conditions gallium  extraction was 92% .
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