
����� ��	
� � 
���	�� ��
� � ���� /�	�������� /��	 ! ��	"# � $"# /�	%&�	' ()*+ 

��� 

,-	. /	0 ,�� ,�	
! 1 �- � 2�0 3�	
� �� �4�� 56�� �	"# �� 	� 2�0 

78&� ,�9:�� ;�%
�� 	� �< =	�'�� �

>78�: �?��@>��A %�67! B�&C@��D- ,E	4� ,�F6 � ,��	0 B�&C *(

)���	
� �	
�
 :�/��/�����	�� �	
�
 :�/�/��(

�A�G# 

,-	. 1� ,�	
! �"� �� ,H6 ���
� 6� B67'�ID ,� 7��J' B�6	K 1� L	� �� M�! ;6 >�� /	0 ,6	� �! N6�7! � ���O� 1� 1%&� /	0 >	� AP
. .

�ID6� B6� 7��J' �ID6� 7� ,'�	8%� >	�7�RS' 1T�%- �� � U�� V�	8%� 5�%W� >��� � X< 	� 3�	
� �� ,� /	0 >	� ���9PI .	P� B6�7�	P
�

 ,-	. 7��J' ,��7� YA� 56�� �� ,�	
! � ,4�� >	� 1 �- � ;�0 3�	
� �1P�Z	[� /	P0 78&� ,�9:�� 7� �< ,8�. 7�RS' � ;�0 �� >�

 1� �	"8\� �� �4�� 56�� �	"# 1� 
�	�%W� � �	F��	"# � ;�0 1][
� ���
� 1 �- 1][
� ���
� UP�7I �	PT-� ;�P0.�� 2P6 7P� 
�� 

56�� U &O �� �4�� 
	� 1-� - M�! B�6	K � �	�� @L	� 
	� A! �	T-� 
���7�.NP�� 1P-� - @
��	� ���� 
�� ^	0 �� M�! 
L	� 1-� - 

A-A! 1%!��7� ����� ^	0 �� M�! B�6	K 1-� - � ����� 7�_ ^	0 �� M�! .�ID6� �� �07� 1-� - �6	� �! � �H6`�� 
	� �P� � 	� B�P
#

a� A-A! B���' /	0 MZ	_ >	� .2�%
�� bc� �� �G�%
�� VL�	�� 
	�7%���	K V�7��J' � ,�9:�� 56�� ��� A6�7I ,��7� ,4�� 
	� .

56�� �	 ' �� ��� �	�- d6	%- a� ��A]� �4�� 
	� @CEC@ECe �pH ^	0 ,P� e6�`P�� M�P! B�6	PK Y7P� 1P� 	P� AP�	6 .�P��7� ��

f�7K bG6� �'7K >	��	g-�A6�2�K VA! �� M�! B�6	K Y7� 1� M�! 
L	� U��O�� �� 1� A! P� � 1%P�	� UP6h6� � UP6	
�Z�E	� 
	� 7

;�K VA! ,-	. � U6	%H �� >	� U6	%H �� N�%W� >	�i�� ���`�� U6�7�. ��! .1�Z	[� ���� ,H�%
�� VL�	�� B�� ��@j6��P�6� 1PZ�	�� 

1� 1� @����7� ���A-	%�� 
	[0 ���� B�6	K � k�W�' M674 ���� L	� $�Z� �	�� � 78&� �A! ���< B�� N���� l67�' �� 1Z�	�� B67%"� ���
�

 ̂ 	0 �� A! X	W%-� 1�Z	[� ���� 
	� .5P6�� �� 78&P� ,�9P:�� U�7P� �7P. �	P�-� �� >AP-�� B�P
# 2�P0 1P�C	- �P4�� 
	P�:

M�! 
L	� >M�! N�� >M�! B�6	K .56�� �� 78&� ,�9:�� U�7� ,�7� �� 1 �- 3�	
� �4�� 
	� 56�� �� 7%��� 2�0 �4��� 
	�

��� 2�0 3�	
� .%���	K 7%��� 76�	]� 1� 1:�' 	��� M�! B�6	K U &O �� ,H�%
�� 
	�7 1T�%- �� � 78&� ,�9:�� U�7� U�7I 1T�%- ���'

^	0 �6	-��' �� e6�`�� M�! B�6	K Y7� 1� �	�I �	�- ���� 78&� B��S' �� 	� A�	6.

�o�� 
	� 
A��� :�4�� 56��@/	078&� ,�9:�� @,-	. ,�� ,�	
! 

1�A]� 

���� 
� �
 ��  ! 
"#$% &'(% )�* +,% �,--.
 /-0 1#,23 .


� /5�2% +	�-�-0 6	"�0 7��8 9*"�� ! 9-&�" :8 :'�8 �
 �� 

�-;��% �5" <!�='% /-0 1&'(% )�* .
� �,-%> "�� ! )
�3

 7">,-% #, ��? �
">,@ A,	B�8 
� +,C
" 1,	�
 D,	 +5
�8

 E,% F	">,�" �0� G�H :8 I=
�% J�$  B" �	�2-K�L�3 :,? #,8�	

 ,� B" 9-�-&-5 )�M'�0 7N A-K���� :,8 �,3�O ! P�,8 )�,*

 ���� 
� �	�2-K�L�3 A-QM
 ! R-	�� G�H +% R-	�� )�* #,0�8 .

�./-
�
 :8S�'?� S�TM "� 7"
�-M "� !U�V 7�W=X" E';2X Y�ZM "� [SB
!�M? Y#\M "� [E5�20 

*:+Q- !�'QK" ��� [<�]
�Q% ^�_�% :Rezainejad@cc.iut.ac.ir 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.1

2.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
07

 ]
 

                             1 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.12.7
https://jstnar.iut.ac.ir/article-1-876-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! ��	"# � $"# /�	%&�	' ()*+ 

��` 

a�$-�� �	��]-@ <"�--.
 # !
 7N �&b :? ��8 �	�2-K�L�3 cQb 

Y��,8 9-�,-&-5 �,-K�;� F	">,�" �d" �8 e�-2-%�KN �-K�;� F*�3

�5")f.(

U�,V :,;K�g% �8 �
"!
�* ! U�'�	" R-' ���,5 S!�,O S�,*

 �	�'\�,5" #,2'��@ :T-' [U�,V 
� �,	"�&? ! R-' ���,5 S�,*

 �8 ��� EC"
"YB+M3 U�,V 
� �,	"�&? �,W2
 ! 1-;,C S�,*

 8 I=
�% �YB+M,3 �,5" Y#,0 A-\M,
 h�,V )�f.(9,* R-,2i

 �	� !�' � )Nontronite ( �,-;��% 
� �,8 S�,*YB+M,3 h�,V 

R-%B �	� ���5 ! �� )Saponite ( �,-;��% 
� �,8 S�,*YB+M,3 

R-%B 1-;C # #0 A-\M
 ��  .U�,j
 e#b �&b :8Fe !Al !

�-;��% 
� �W N �k&l F	">�" :T-'  
� �8 S�*YB+M3 h�,V [

�  E% A-\M
 �	� !�'  ��0 .+

�X 
� :?Mg !Si :8 B" E,'O"


 �8 EC"
"YBF3�-;��% 
� ! Y#0 :'�0 h�V �8 S�*YB+M,3 

,,% I,,�T
 1-;,,CE	A-\M,,
 �	� ���,,5 :,,T-'  
� ! #,,28�

%E��0)�f(.

:,T-'  R,	" :,8 E,C
" 1,	�
 :;K�g% �8 7"
�\�* ! R-�O

 +

! /-0 R-	�� ���� 
� :? # #-5
 ! ^�5 /-,0 SP�,8 
�

E'm�2	" �,5" Y#,0 A-\M
 ^�5 .A,-&j
 n	�,' XRD[FTIR 

(Saponite) !CEC E% �--.
 E�"�@���
 �-;��% �8 o8�g% #,2? .

�"�� /-,0 R-	�,� ���� 
� :? �"� 7�M  c\	" �
�� S�*
�Z 

 E �,? ! �,	�2-K�L�? /-,0 SP�,8 
� ! �	�'\�,5" a�
#�b S�,*

 �	�'\�,,5" 6,,5"!#O–,,q! �,,	�2-K�L�? �
"� �� .YB+M,,3 

���� A-\M,
 rb�8 R-	�� G�H :8 �X�2b ^�$' " ! E	P�8 S�*

�5" Y#0 �	�'\�5")��.(

+,,@s	! �,,--.
 �,8 )�,,*�'%"
�� [/-,,0 ^�,,H 
� t�,V S�,,*

 +,% �,--.
 >,-  �=�,� E8�q"! ! h�,q )�*#,2	"�� "�,	B #,23

 +@s	! ^�'23 �j
 [E8�q"! ��,  ! 
"#,$% :,&�q B" t�V S�*

 )�*#-�,,?" [�
 [+,,KN �"�,,% [e�,,-2-%�KN! R,,*NpH <�,,28�? !

+% 9-�&? #20�8)��!��.(t�,V u">q" �8 �=�� F23"! �b�5

 +% �=�� 7#0 �"BN �b�5 :T-'  
� !h�,q #,2	"�� 
� #, "�


#	��  �=	" E�W% F$  Y�-@ 65�
 �=��)`.(

+ �3 +@s	! B" +5
 )�* h��j% t�V 9W% S�* 
� ! Y#0

 F$  t�V �=�� E8�q"! # 
"� +	">�8 .[+ �3 ��  :8 :'�8 :']K"

 �b�5 �8 E8�q"! #2	"�� :T-'  
� ! :'��@ <
�X +
!�='% )�*

 + �,3 B" e"#,3 �* �-dv
 Y�-@ �=�� R-%v
 
� �,5" <!�,='% �,* .

9* E2;% +Z'�8 U�V �
 7">-% R-8 S
"� E8�q"! ! h�q ! �*

 �
"� ��q! �=��)��.(U�V 
� )�*#-�,?" [)#-,5" +�? )�* 

:8 e�-2-%�KN! R*N + �,? w�g,5 +?B�  :	P <
�X +,5
 )�,*

 +% "
 U�V �=�,� h�,q )"�,8 "
 )��	B Ys	! xg5 ! #2 �0��

 +% ��T	" #22?)��.(�
 
� )�*�:�A-�?!
#-* �"#;
 �&b :8 

�
 :8 �]�  �'M-8 )�*�:��,5" �'M,-8 �=�,� �,-]y
 7">-% [

)��.(+%
! 7�,\% S"
"� �,\-% ! �	P�? i )�,* A%�,0 :, �@#2

�\% 7:,	P R-8 )�* :,]K [)" :j=,X ! )" +,% )" /,&l" ! #2,0�8

:5!�� 7�\% R	" )!
 E8�q"! ! h�q )�* Y#,-z-� ! :'�*N �*

�5" .#,2i �	 B!
 #2i B" c� )�*�{ ^��;
 �5" R\�% +'O

��M  AX�O :'=*)�.(

E\-'2-5 <�;K�g% �8 :g8"
 
�[E8�,q"! 7�* ! /-g(K" 

B" �=�,,,,,,��|"+jg,,,,,,5�	B ! +jg,,,,,,5 o,,,,,,� 

)Surface and Subsurface Horizon ( 
�,Wi B" Y��='5" �8 "


 ��  I8�
 [}-K�8"
�� +@#-M(� [^!" :]
�% +\-'2-5 ^#%	! +

# ��? 1-X�
 ~	!�&	" .Y�"� �"� 7�M,  n	�'  E8�,q"! )�,*

 +,% x	�M,
 ^!" :]
�% :K��;% :&-5! :8 +8�V :8 �=�� ��,0 .

�8�d R-8 68"!
 �W N )�,* +,@s	! ! :,K��;% ! +,\	>-� S�,*

 U�V +	�-�-0 # ��? +5
�8 "
 �* .�]� Al :,8 ^��,]
 A8�� 

! �
 Fe2O3:,8 ^#,% 
� +KN R8�? :8 �?�,0 )�,� 
�,H

 #,, ��?)�.(~	!�,,&	" :,,K��;% 7"
�,,\�* ! �,,8�*! :,,;K�g% 
�

:8 �=�,� E8�,q"! ! h�,q #,2	"�� 
� :,K��;% R	�'W8 7"�2b

 �-��{ #0 �(M% ! #0 E��;% E �,? S"�,8 �=�,� h�q 

�,,, �% �,,,	�	" ! �,,,	�2-K�L�? B" �'M,,,-8 �,,,	� �&	
�%

E% #0�8)�f.(

�b�,5 S�*�'%"
�� <"�--.
 +5
�8 �8 Y!�b :;K�g% R	" 
�

 E �,? ! �=�,� E8�q"! �,-;��% 
� U�,V E,5
 E,5�20 )�,*

 1	�
 1&'(% E �? �-dv
 +=-3 +5
�8 :8 [+C
" )�* �,8 E5�20

� >-  t�V �=�� E8�q"!�5" Y#0 :'V"�� .

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.1

2.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
07

 ]
 

                             2 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.12.7
https://jstnar.iut.ac.ir/article-1-876-en.html


,-	. /	0 ,�� ,�	
! �� �4�� 56�� �	"# �� 	�1 �- � 2�0 3�	
� 2�0... 

��� 

���� �f��	�

(.1-� - � 1�Z	[� ���� 3�	
� X	W%-� 
���7� 

7�'5" 
� +C
" 1	�
 
�Wi )
�-'(8 ! ^�j%
�Wi ! 7�W=X" )�*

 t�V B" ! h�(' " 1	�
 B" D	 �* )!
 ��q�% )�* +,C
" )�*

 ���� B" : ��  /-0 R-	�� ! 65! [P�8 )�* #0 e�T " )
"��8 .
�

+C
" 1	�
 �* +'O :? # #0 h�(' " +H�$  �"�% )"
"� 7�\%P"

 #2,0�8 7��,\	 )
��% .�"�,% )!
 t�,V B" /-,0 )P�,8 :, �� 

 /-0 R-	�� : ��  ! +b"
B �-l t�V B" /-0 65! : ��  [)
��%

 #,0 :',0"��8 +b"
B t�V B" .:, ��  e�,�
 o,�b B" �,*|�,
 �|

+' �5 # ��8 �'% .1	�
 /,-
�
 :,8 Y#,0 h�,(' " E,C
" S�* 
�

 E';2X U�W0 oH�2%)Eq(! 7�W=,X" G"�,H" 
� 
�,	B Y"
 :5 !


"�,� S
�,-'(8 ! ^�,j%
�Wi 7�',5" 
� �WMV�� ! 7�%�5 oH�2%

#,, 
"� .+,,@s	! B" +,,V�8 :,, ��  +	�-�-,,0 ! +,,\	>-� )�,,* �,,*

YB"# " 
� :3 #0 )�-@^!#q ��5" Y#0 :L"
" .

p.�ID6� B���' /	0 �6	� �! � �H6`�� >	� 	�

)�"#;
 +@s	! B" : ��  +	�-�-0 ! +\	>-� )�* �,	B w�,0 :,8 �*

YB"#,, " # #,,0 )�,,-@ :+,,� �!
 :,,8 U�,,V �,,��8 �,,�)��([pH 

: ��  o-&;
 
� U�V )�*�/�:�:&-5! :8 hN :8 U�V pH �,'% [

n2,5 �	"#,* :&-,5! :,8 ��]0" Y
��b +\	�'\K" �	"#* �-&8��[

'M,@�8 7�-5"�'-
 �!
 :8 U�V ^��;% 9-�&? <�28�? #-,5" �,8 +

}	
#	�&?�^�%�  )�([<P">,@" �!
 :,8 ^�,;� 9-�&? <�28�? 

e�- �%N)�(
� 9	#,5 <�'5" �!
 :8 + �-
�? ^��]
 �-��{ [pH 

�8"�8f)��([�,
 F	��,?" �!
 :8 U�V +KN R8�? #X
� )��([


"#$%Mg2+ !Ca2+ +��\,5!�'\m5" �!
 :,8 +K��,]
 ! ^�&j% 

e�-2-%�KN ! R*N ! +�
" h�q <"�'-5 
� ^�&j% �+8<�28�?�

)� <� �-
)CBD) (��(# #	��@ R--;
.

p.,-	. 1-� - ,�� ,�	
! ^	0 
	� 

: ��  + �3 R--;
 �Wq t�V )�* :,8 c,Q	" �,
�� �8 +5
 )�*

 #, #	��@ Y��%N ��* ! D	�'-3 �!
)��(Y�Z',5� �,8 cm,5

 ^#% !B���-0 cQ	" �
��XD – 610+ �3 [;
 �W N +5
 )�* R--

#0 .Y��%N AO"�% :, ��  )B�5 /,-
�
 R,	" :,8 >-K�, N )"�,8 �,*

+,,% #,,0�8 :�:,, ��  
�,,�-
 A%�,,0 u">,,q" D,,-Q=
 B" A,,]� �,,*

<�28�3 +,	"�B[F,0�� G�,O ! +,KN �"�,% 7�-5"#-�,3" )�,*

 R*N )�*#-�3" .�">q" D-Q=
 )�
 <"
� SB�,5"#q A%�,0 

��=	�' �5 B" Y��='5" �8 .�Y#0 D-Q=
 u">q" 
��-
 :��]0" A%�0 

9	>-2% �8[^�,Q-&@ R&-,
" �,8 ��],0" [
�,�-
 ! 9-,5�'� �,8 ��],0" 

! <
"�,,O �,,8 A,,]� :,,&O�% )�*#	�,,5"���,,=
 �,,8 +	�,,5�20 

c\	" �
��.

).,�9:�� ;�%
�� /	0 78&� 

�/�+,&� G�,{ },	 A,V"� :,8 ! R	B�
 U�V : ��  �* B" e�@ 

R&-
"�|| +&-% �8 ! #	��@ A$'2% )�'-K�|| !�\-% 
� �=�,� e�@

 A\0 :8 U�V e�@ }	KH2PO4:,3 /,-
�
 R	#,8 [#,0 
�,�-
 


"#$%�+&-% ^�&j% B" �'-K �|+&-% : ��  �* :8 �'-K 
� �=�� e�@

 S�%� 
� ! #0 :��C"�|E' �,5 :q
� �,-��{ 6	"�,0 
� �"�,@

 :Z  Y�% }	 <#% :8 Eb"
B #0 S
"� .e�,T " 
"�\
 !� 
� F	�%BN

#0 .�,% }	 �0�@ B" c� Y`|+,&-% ^�,&j% �,'-K|�/|
P�,% 

CaCl2#,,,0
 B" S�-@�,,,&q S"�,,,8 RL�,,,K�
 Y�,,,g� #,,,2i !

9�- �@
"!�\-% #,0 :��,C" :, ��  �,* :8 �* .:, ��  cm,5 
� �,*

Y
!� <!�='% + �%B )�*��/|�
f�7�,\
 },	 �,8 �b�5 Y#,2*�

 # #0 Y�"� 7�Q
 E\	�'\K" .
� o,-&;
 cm5�||| :,$-�� 
� 
!� 

j% ! ��=	�' �5 #0 "#q +L!
 ^�& .R,	" 
� ��,q�% �=�,� 
"#$%

 +,&	"
 ! +�
�,% �!
 :8 ^�&j%)��(Y�Z',5� B" Y��=',5" �,8 !

#	��@ R--;
 �'%�'�!�'\m5" .�=�,� E8�q"! �b�5 1	�;
 S"�8

 
� :,? #0 Y��='5" ^!"#'% D-'2-5 <P��;% S�"#;
 B" ̂ !#,q �

Y#0 Y�"� 7�M  # " .,q"! <�,b�H" �B"�,8 
�,k2% R	" :8 �,8 E8�

 )
�,%N :%� �8 B" Y��='5" �8 <P��;% R	" EgV�-l A\0SAS-6.0 

+,gV�-l e�,� B" �=�,� E8�,q"! )�,*�'%"
�� ! #,	��@ E5
�8

 :8 D-'2-5 <P��;% #%N �5� .
"#,$% ! �=�,� E8�,q"! �b�,5

 7�%B 
� Y#0 �"BN �=�� S�,*��/|!f��!�,0 B" c,� �b�,5 

F2,,?"!)/,,-
�
 :,,8DRin[DRf[Qin !Qf(~	!�,,&	" :,,K��;% B"

#0 :]5�j%.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.1

2.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
07

 ]
 

                             3 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.12.7
https://jstnar.iut.ac.ir/article-1-876-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! ��	"# � $"# /�	%&�	' ()*+ 

��� 

��
��

�.
�
	


��
�


��

�
�


�
���
��
�
�
�
��
��
��

��
��
���

�
� 
!�

�
��

�
��

�
�

�
��	



�

�
�
�

��
��

��
�

��
��

�

)
C

C
E

(

�
�
�

��
��

��
��

�

��
��

��
��

�� )
A

C
C

E
(

Fe
-C

B
D

A
l-C

B
D



��

�
�

� 
�!

��
"



��

#
C

EC
EC

e
pH

g
kg

-1
m

g
kg

-1
cm

ol
(+

)k
g-1

dS
m

-1

J 1
+

$%
&

'(
'

)*
(

'+
,

-'
,)/*

))/,
+/)

$)
$,/-

$/%
-/*

J 2
$*

,
'*

(
)+

$
'+

,
+,

*/)
%'/,

(/%
$)

-/*
,'/'

&/*

J 3
%*

'
'*

'
'+

)
'+

,
$'

&
)+/+

-+/,
*/)

$)
+/

%)
+'/)

(/*

Z 1
$'

)
'%

+
+)

$
%-

,
)'

$(/(
&/,

&/'
$)

-/-
--/$

-/*

Z 2
$)

)
'*

-
)&

,
'$

,
$)

+
')/-

&/,
'/*

+/
%&

&
'*/+

&/*

Z 3
%'

'
))

-
'%

$
'*

,
$)

&
**/+

$
-/(

+/
+'

%/
$+

-/+
&

S 1
$-

+
'&

-
))

(
%&

,
$$

(
%$/(

(&/,
)/+

$&
*/*

-(/,
)/*

S 2
$&

*
'(

-
)$

*
'$

,
-'

%$/
$%

$&/$
(/)

%)
*/&

('/,
-/*

S 3
'$

,
'+

'
''

*
'(

,
$%

'
)'/*

,&/$
)/(

'$
',

)'/$
&/*

F 1
$(

&
'(

*
),

+
%(

,
$-

'
+(/*

(/,
(/)

%,
*

*)/,
)/*

F 2
$&

$
'-

+
)+

)
'$

,
$%

&
(/*

'/$
,/)

%%
&

&%/,
-/*

F 3
'$

&
'&

$
',

$
'(

,
$$

(
((/*

%/$
'/'

'$
)$

*/$
&/*

J:
+

,
Z,

S
0

F:
2

�
2

3
�#

4
5��

6
�7�

78
�

9
��

5:
9

�;
<�

��
0

=�
��	

"
1,

2
0

3:
>�

��
��

?@
�6

�7�
78

�
,

6
��



�5�

A0
B

	0
9

C
B

D
:

�
#�

C�	
"

�
�

�
�
�

�D
"

E
�

�
�F@

�7

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.1

2.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
07

 ]
 

                             4 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.12.7
https://jstnar.iut.ac.ir/article-1-876-en.html


,-	. /	0 ,�� ,�	
! �� �4�� 56�� �	"# �� 	�1 �- � 2�0 3�	
� 2�0... 

��f 

��A:p.78&� ,�9:�� ;�%
�� 567�' U": ��	8%�� ���� VL�	�� ,[07�_ � ,[0 �7� 

:K��;%+gV e��e���-l+gV�8�d<P��;% )�*

^!" :q
�lnQt = lnQe - k1tdQ/dt = k(Qe-Qt) k1=^!" :q
� �b�5 �8�d)h-1(

e!� :q
�1/Qt = 1/Qe + k2tdQ/dt = k(Qe-Qt)2
k2=e!� :q
� �b�5 �8�d-1))µg P g-1((

~	!�&	" Qt = 1/ß(lnαß) + 1/ßlnt dQ/dt = αexp(-βQ) α=:-K!" �b�5E8�q"!�=��)µg P g-1 h-1(

ß=�8�dE8�q"!�=��-1)µg P g-1(

+	��  I8�
 lnQt = lna + blnt Qt = atb
a=:-K!" �b�5 �8�dE8�q"!�=��b)µg P g-1 h-1(

b=�b�5 /	�CE8�q"!-1)µg P g-1(

+@#-M(�

D-K�8"
��

Qt = Qe + Rt0.5 
R=+@#-M(� �b�5 �8�d-0.5)µg P g-1(

Qt  =  7�%B 
� Y#0 �"BN �=�� 
"#$%t)µg P g-1 (!Qe = ^��;
 7�%B 
� Y#0 �"BN �=�� 
"#$%)µg P g-1(

d6	%-qF� �

(.�ID6� ^	0 �6	� �!�G6`�� >	� 1�Z	[� ���� 
	� 

1	�
 e��
 
� �
 
"#$% +C
" )�*[�,-��{ E �-
�,? ^��,]
[

� ! E\	�'\K" �	"#* t�,V ��,* /-,0 R-	�,� G�,H :,8 �,*

 E% 7�M  F	">�" #*�)^!#q �.(
� �
 
"#$%R-%B )�* +b"
B 

�,5" �'M-8 
�-�8 +b"
B�-l +C"
" �8 :�	�$% 
� .,8 :,q�
 �,8 :

R,,	" ! /-,,0 R-	�,,� :,,-O�  
� +,,b"
B +,,C"
" :,,3R-,,%B )�,,* 

F	�5�� #	�% ��C�% R	" [# 
"� 
"�� /-0 )P�8 
� +b"
B�-l

 +% R-	�� :8 P�8 B" �
 ^�$' " !#0�8 .9-&�" �&b :8 [R	"�8 Y!�b

h�,,H�% 
� +@#,,	�"�* ! A,,%�Q
 7">,,-% [��3�W,,0 :,,$g2% �,,


t�,,V ,,T-'  
� [��,,8 �'M,,-8 :,,$g2% R,,	" )�,,* 
� �
 7">,,-% :

t�V +C
" 1	�
 !� )�*)�WMV�� ! 7�%�5(B" F-,8 ��?�W0 

t�,,,V +,,,C
" 1,,,	�
 !� )�,,,*)
�,,,	B ! E,,,q (7�W=,,,X"

E% #0�8)^!#q�.(1,	�
 e��
 
� +KN R8�3 
"#$% +,C
" )�,*

 F	">,�" /-,0 R-	�� G�H :8 �WMV�� +C
" 1	�
 )�2y'5" :8

E% 7�M  #*� .��% 
� +,KN R8�3 ! �
 �'M-8 �	��$% �,-; )�,*

 �-;��% :8 �]�  /-0 R-	�� /-0 )P�8 )�*[�-dv
 Y#2*� 7�M  

+@s	! �8 S#2&8 ! E'�� �5" t�V S�* .^�,&j% �=�,� 
"#$%

 +8 
� 9	#5 <�28�?)�=���R�K" (t�V 1	�
 :�* 
� �* )�,*

 �,5" :,'��	 F	">,�" /-,0 R-	�� G�H :8 +C
" .�,T N B" :,3

 Y#�b ���� �
 u>,q �8 t�V �=�� B" )" �,5" Y"�,�* )��([

���� :8 �
 <"
� ^�$' " 
"#$% F*�3 rb�8 /-0 R-	�� )�*

�=���+% /-0 )P�8 �-;��% R�K" ��,0 .1,	�
 )�2y',5" :,8

 �,-;��% e�,�
 
� :3 +';2X t�W0 +C
" 9-�,&3 <�,28�3 �,*

 ^��;%)CCE ( 1	�
 
� [�
"� + ��Q	 
"#,$% �,Z	� +C
" )�*

 R-	�� G�H :8 ^��;% 9-�&3 <�28�3 R,	" :? :'��	 F	">�" /-0

 ���,� F	�,5�� �Z �-8 # !
 :,8 },*N ^�,$' " ! E	P�,8 S�,*

R-	�� �5� E% #0�8 .t�V :,�-  :-O�  )�* 
"#,$% )"
"� DM,V

Y
��,,b A,,8�� e�,,-2-%�KN ! R,,*N )�'M,,-8 <"�'-,,5 �,,8 )�,,-@–

E8 <�28�?�S�t�,V :,8 �]�,  �	� �-
 DM,V :,-O�  )�,*

# ��8 .5 ^�&j% :? E	�T N B" <"�'-–E8<�28�?–S��	� �-


 Y
��b "
 
�&]'% e�-2-%�KN ! R*N a�
#�b E% S�-@ #2?[E,��H B" 

:�-  :-O�  
� �'M,-8 �,8�H
 �,8 }M,V[! E@#,	�"�* <#,0 

�5" �'M-8 U�V A%�\
[e�,-2-%�KN ! R*N �'M-8 �k&l R	"�8�28 

Y
��,,b A,,8�� �,,8 S�,,-@CBDU�,,V R,,	" 
� 
�,,k' " B" 
!� �,,*

E�  #0�8 .

p.,-	. 56�� �� /	0 ,�� >	� 1�Z	[� ���� �4�� 
	� 

�"�,,� +,,5
�8 
� B" :,,3 #,,0 Y#*�M,,% c,,Q	" �,,
�� S�,,*
�Z 

 D,-� <#,0 B" /-,0 R-	�� G�H :8 /-0 )P�8 �-;��% )�,*

 }-� <#0 �8 ! :'5�3 �	�	" ! �	�2-K�L�3 ! �	�'\�,5" S�,*

E �,,,,? �	�'\�,,,,5" 6&',,,,(% S�,,,,*�Y�!>,,,,�" �,,,,	"�&? 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.1

2.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
07

 ]
 

                             5 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.12.7
https://jstnar.iut.ac.ir/article-1-876-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! ��	"# � $"# /�	%&�	' ()*+ 

��� 

+% ��0)Q0"A�*)�!�.(<�,]d" :8 �	"�&3 ��q! :;K�g% R	" 
�

 �5" Y#-5
 .t�V 
� �	"�&3 ��q! ^�,j
 �,&b :,8 +*�@ �*

 t�V 6	"�0 
� +K! �5" �	�'Q�5" �,8 :,;K�g% �
�,% )�*pH 

B" F-8fE,0�  �,	"�&3 ��q! ! :'�
 R-8 B" ^�j
 R	" 7�Q%" [

E% )
��% �"�% B" #0�8 .D,-� ��,q! :,&� [6,5"!#O )�,* ! )"

 �0:+ �3 [)" +% 7�M  "
 J�&(% ! 65"!#O )�* : �M  :3 #*�

 t�V R	" 
� +@�B"�* # !
 �,5�* .:, ��  
� :,8 J�,8�% )�,*

1	�
 :&� �K�O ��q! +C
" )�* : �0 ! )" + �3 ��q! [)" )�*

 �	"�&3 J�&(%�+% 7�M  "
 �	�'Q�5" #,*� #, !
 R-,]% :,3

 + �3 A	#]
 ! +@�B"�* E% �Z	#�* :8 �* #0�8 .RQ�% �K�O R	"

:,,8 �,,5" :,,	P 7#,,0 �
�,,V ! �,,	"�&3 +@�B"�,,* A,,-K� )�,,*

 :	P R-8 +�3!
#-* �	�'Q�,5" :,8 7N A	#,]
 ! 
�,8 �--.
 ! )"

#0�8 .:8 /-0 R-	�� G�H :8 �	�'Q�5" ! �	"�&3 F	">�" A,-K�

 �
 R	" B" )
��% �"�% 7��8 E2l �5�* .9*x-,C�
 
� R-,2i

 � G�H :8 �	�'Q�5" F	">�" �&b E% [/-0 R-	� A-\M,
 7"�,


 U�V ^�&j% B" h�5
 :8 "
 7N)Autogenic ( �"� J�,]

" 9,* .

:,8 �K�O R	" 
� ! w�,%" ! �,X�2b �,k&l F	">,�" A,-K�pH 

9* ! /5�2% )
�-8N �d" �8 U�V h!�2'% 7#0 �
 ! DMV R-2i

R-%B +% A-\M
 �	�'Q�5" +b"
B )�* ��0 .)P�,8 �-;��% 
�

/-0[+ �,3 :,? #,2i �* Y#,	� �	�'Q�,5" ! 6,5"!#O )�,*

+% :8 �%" [��0 D,-� <#,0 [�'�3 + "!"�� ! +@�B"�* A-K� )�,*

 + �3 R	" :8 J�8�% �5" �'�3 /-0 )P�8 �-;��% 
� �* .E �,-?

 U�V A%�\
 ! A-\M
 :;K�g% 
� 
� +8N +C
" 1	�
 }	 
� �*

 n	�,'  R,	" :,8 >,-  )
�,-'(8 ! ^�j%
�Wi 7�'5" 7�%#2@ �0�

 ���	 �5�)�.(7�W=X" :$g2% 
� +@�B"�* <#0 :3 E	�T N B"

 + �,3 [�5" ��3�W0 B" �'�3 )�,*�:�:;,5�
 Y# �,0 6�,]2% 

:'��	 )�'�3 + �3 a�
#�b ! # " Y#*�M,% �	�	" ! �	�2-K�L�3 )�*

# #0 .:8E �? �--.
 +&3 
�H 1	�
 
� E5�20 �
�,% +C
" )�*

��8 <
�X R	" :8 :;K�g% :0 )P�8 �-;��% 
�/-! �	�2-K�L�3

 /-,0 R-	�,� �,-;��% G�,H :,8 ! #, ��8 /,K�l + �3 �	�	"

+ �3 :,3 #,2'��	 F	">,�" �	�'Q�,5" ! �,	"�&3 [65"!#O )�*

 1	�
 
� +@#	�"�* :q
� :8 :'�8 �W N :;5�
 �
�,% +C
" )�*

 +% �--.
 :;K�g% #23 .9	�3 +,C
" 1,	�
 D,	 7�-K�q ! Y�"B�

8 ! ^�j%
�Wi 7�'5" 
� "
 +8N #, �"� 
"�� :;K�g% �
�% )
�-'( .

:,8 n	�'  �"�,% B" �,	"�&3 ! �,	�2-K�L�3 �"� 7�M,  Y#,%N �,5�

 Y#-5
 �
" :8 )
��% + �,3 ��,T	" /q�% +@#	�"�* ! # " )�,*

 �	"�&3 9k2%�  6&'(%�+,%
! �,	"�&3 ! �,	P�3��,	"�&3 

�5" Y#0 Y# �0 6�]2%)�.(

).78&� ,�9:�� �	%�� 

K�g% B" S
�-�8 
� U�,V B" �=�� E8�q"! Y#0 Y#*�M% <�; �,*

 ��,T	" �
 EZ'�*N :8 cm5 ! I	�5 :-K!" �b�5 #2i 
� aP��;%

 E% :%"�" ^��;
 #8�	)�|!��.(:,8 �=�� 7#0 �"BN )�ZK" 7"�,2b

 �-;��% )"�8 7�%B B" +;8�
 
� /-0 1&'(% )�*AQ0�7�M  

�5" Y#0 Y�"� .: ��  e��
 
� "�% 
� �=�� E8�q"! [�* :-K!" AO

 ,8 7�%B �0�@ �8 cm5 ! I	�5 :+,% F*�,3 n	
#,
 �,
 [#,8�	

R	" AX�O ^��;
 :3+'8�,d �b�,5 �8 ��2b R	" E8�q"! ! ��0

 +% :%"�" #,8�	 .I	�,5 E8�,q"! U�,2	
!� ! c �,	"[! 6,5�'% 

F2?"! :8 /-
�
 :8 "
 �=�� :'�*N <�=�,� ^�,j " S�,* S�,*

 �N E�?!
#-* :8 A	#]
 ! 
"#	���  9-�&?�	�
�[B" �=�� E8�q"! 

+ �? <�28�? ! E5
 S�* �,	�
��N E�?!
#-* ^�j " �'	�W  ! �*

 E% �]�  #2*�)��.(
� #, ��3 ��W2M,-� 7"
�,Q�* ! )#-,0�K"

t�V 7N A\,0 D,	 :,? �
"� ��q! �=�� A\0 !� +Q*N )�*

 ,8 ! :'�*N S�Z	� ! I	�5 :+,% �,*
 n	
#,
 ��,0 .#,2	"�� 
�

E8�q"![:8 A\0 !� R	" H^�H 
� 7�%>�* 
���,
 ���b�,5 

+% �*
 :-K!" # �0 .�,
 e!� A\,0 7#,0 �"BN 6$� [7N B" #;8 �%"

f� R	" �
 [�
"� :%"�" �b�5 AX�O ^��;
 :3 ��0)�|.(F*�,3

 �,d" �,8 �,5" R,Q�% [7�,%B �8 �=�� E8�q"! �b�5 +T	
#


 )��, " F*�,3 :T-'  
� ! +jg5 
�8 ! +jg5 F0�� F*�3

 F2\�*�8)Interaction ( 7�	 A-� �'� )�� " !h�q �=�� )�*

 Y#,,0 #,,0�8)��!��.(
� �=�,,� E8�,,q"! 
"#,,$% ! �b�,,5

1,,	�
 ��3�W,,0 +,,C
" )�,,*)�WM,,V�� ! 7�%�,,5 (B" �'M,,-8

1,,	�
 7�W=,,X" +,,C
" )�,,*)
�,,	B ! +';2,,X t�W,,0 (�,,5"

)A\0`(+C
" 1	�
 D	 
� ![B" E8�,q"! 
"#,$% ! �b�,5 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.1

2.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
07

 ]
 

                             6 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.12.7
https://jstnar.iut.ac.ir/article-1-876-en.html


,-	. /	0 ,�� ,�	
! �� �4�� 56�� �	"# �� 	�1 �- � 2�0 3�	
� 2�0... 

��� 

K:9-5�'� �8 ��]0" : ��  

K-550  : <
"�O ! 9-5�'� �8 ��]0" : �� ��| <#% :8 :q
� ��b�5 

Mg  :9	>-2% �8 ��]0" : ��  

Mg-ET  :^�Q-&@ R&-
" ! 9	>-2% �8 ��]0" : ��  

$G!(.f�7K L	� U��O�� a� V��r bG6� �'7K �	g-)5Z�(@N�� )X(B�6	K �)u(7� �4�� 56�� @M�!7"�0 

10
.0

9
I

3.
3

K
a

14
.2

1
C

h,
C

h-
Sm

,S
m

7.
04

K
a

Mg

K-550

Mg-ET 3.
22

Q
,I

In
te

ns
ity

0 5 10 15 20 25

2teta 

K

5
I

4.
7C

h

���

�

�

3.
3

K
a

2teta 
0 5 10 15 20 25

Mg-ET

14
.2

1
C

h,
C

h-
Sm

,S
m

7.
04

K
a

10
.0

9
I

Mg

5
I

4.
7C

h

K

K-550

3.
22

Q
,I

In
te

ns
ity

In
te

ns
ity

Mg-ET

Mg

K

K-550

7.
04

K
a

3.
22

Q
,I

2teta 

10
.0

9
I

12
.1

9
C

h,
C

h-
Sm

,S
m

0 5 10 15 20 25

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.1

2.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
07

 ]
 

                             7 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.12.7
https://jstnar.iut.ac.ir/article-1-876-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! ��	"# � $"# /�	%&�	' ()*+ 

��| 

K:9-5�'� �8 ��]0" : ��  

K-550  : <
"�O ! 9-5�'� �8 ��]0" : �� ��| <#% :8 :q
� ��b�5 

Mg  :9	>-2% �8 ��]0" : ��  

Mg-ET  :^�Q-&@ R&-
" ! 9	>-2% �8 ��]0" : ��  

$G!p.f�7K �	g- L	� U��O�� a� V��r bG6� �'7K )5Z�(,N��)X(�B�6	K )u(,: �4�� 56�� @M�! 

2teta 

13
.9

.C
h,

C
h-

Sm
,

6.
96

K
a

Mg-ET

Mg

K-550 

K
0 5 10     15     20      25     30 

9.
78

I

4.
96

I
4.

7
C

h

In
te

ns
ity

Mg

10
.3

1.
I14
.0

6
C

h,
C

h-
Sm

7.
21

K
a

Mg-ET

K-550

K
0 5 10 15 20 25 30

2teta

In
te

ns
ity

3.
54

K
a

Mg-ET 

14
.2

C
h,

C
h-

Sm
,S

m
10

.1
6

I

7.
02

K
a

5.
03

I
4.

7
C

h

3.
3

Q
,I

Mg

K-550   

K

In
te

ns
ity

0 5 10      15      20       25      30 
2teta 

���

�

�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.1

2.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
07

 ]
 

                             8 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.12.7
https://jstnar.iut.ac.ir/article-1-876-en.html


,-	. /	0 ,�� ,�	
! �� �4�� 56�� �	"# �� 	�1 �- � 2�0 3�	
� 2�0... 

��� 

$H!).U��O�� �� �	�� 	� 78&� ,�9:�� ,%�
\ /7"! ,4�� 56�� 5�%W� >	� 

)J1 ,J2�J3 :L	� U��O�� M�'7' 1� ,B�6	K � N��(

$H!w.56�� �� �	�� U!9I 	� 78&� ,�9:�� >	� ,: ,4�� )J(@�	6� )Z(@�	�	� )S(�07� �7")F(

F	">,�" /-,0 R-	�,� �,-;��% G�,H :,8 /-0 )P�8 �-;��%

,,%+#,,8�	)AQ,,0�.(^�,,H 
� �=�,,� E8�,,q"! �b�,,5 #,, !


1	�
 ��8 /-
�
 R	" :8 DMV :-O�  +C
" )�* :/-,0 )P�,8

 > /-,,0 6,,5! >/-,,0 R-	�,,� .
� �=�,,� E8�,,q"! �b�,,5

t�V 1	�
 )�* :�-  :-O�  +C
" )�* ���,� 
� DM,V )�,*

 /-0 1&'(% ��8 <!�='% .
"#,$% /-0 R-	�� �-;��% G�H :8

�
[:,'��	 F	">�" ^�;� 9-�&? <�28�? ! ^��;% 9-�&? <�28�? 

E,% F	">,�" �=�� Ejg5 h�q :T-'  
� !#,8�	 .
� R	"�8�,28

 S�'�? 7�%B <#%[7�,\% B" S�'M,-8 �=�� 
"#$% h�,q S�,*

 E% �"BN Y#22? ��0 .9* E��H B" ! �
 #,X
� R-8 �]y% EZ'�8 

0
5
10
15
20
25
30
35

0 1000 2000 3000 4000 5000

J1

J2

J3

E
;�

T

Y

#0
�"B

N�
=�

�
)

g
/g

so
il

�(

7�%B):$-��(

0

10

20

30

40

50

0 1000 2000 3000 4000 5000

J

Z

S

F

��	
)�
���(

E
;�

T

Y

#0
�"B

N�
=�

�
)

g
/g

so
il

�(

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.1

2.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
07

 ]
 

                             9 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.12.7
https://jstnar.iut.ac.ir/article-1-876-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! ��	"# � $"# /�	%&�	' ()*+ 

��� 

�5" Y#0 #-	v
 9* �=�� E@#-M(�)�`.(

w.78&� ,�9:�� ;�%
�� VL�	�� 1&6	]� 

�-(M
 /	"�C ��5"�8 aP��;% +Q-'2-5 :K��;% R	�'W8 R--;


)r2(�
!"�8 �
"# �'5" )�gV !(SE) +% <
�X ��-@ .<
�]b :8

 �
"# �',5" )�,gV ! P�,8 �-(M,
 /	�,C :3 +
P��;% �Z	�

 �8 :'0"� 93 �
!"�8 :8 #20 7#,0 �"BN �b�,5 :3 +
P��;% 7"�2b

 +% 1-X�
 �'W8 "
 �=�� +,% h�,(' " [#,223 # �,0 .:,;K�g% 
�

 ^!" :q
� +Q-'2-5 <P��;% �C�O)First order ( e!� :,q
� [

)Second order ( +	�,�  I8�
 [)Power function ( +@#-M,(� [

D,,-K�8"
��)Diffusion parabolic ( ~	!�,,&	"!)Elovich (�,,8 

Y�"� # #,0 Y�"� �B"�8 E8�q"! )�* .�-(M,
 /	"�,C)r2(!

�
!"�,8 �
"# �'5" )�gV)SE ( 1-,X�
 
� +Q-'2-,5 <P��,;%

 
� �=�,� 7#0 �"BN �b�5 ̂ !#,q ��,5" Y#,0 Y�"� 7�M,  .

:8 ~	!�&	" :K��;% 7��,8 R-	�� ! �-(M
 /	�C 7��8 P�8 A-K�

 :8 [�
!"�8 �
"# �'5" )�gV :K��;% R	�'W8 7"�2b 68"!
 x	�M
 
�

 t�V 
� 7�%B ! �=�� 7#0 �"BN R-8 h�,(' " :,;K�g% �
�% )�*

#0 .�=�� h�q ! 7#0 �"BN �b�5 x	�M
 
� ~	!�&	" :K��;%

 �,5" Y#,0 Y��='5" �-$��% �8 R-$$j% B" )
�-�8 65�
)��!

�f .( Y�"� ~	!�&	" :K��;% )�"#;
 ��5" �8 "
 �=�� E8�q"! )�*

 9�- �Q% B" F23"! )�* +,% x	�M
 +@#-M(� :&�q B" #,23 .:,8

 )
�_
 B" +Q	 �Z	� <
�]b 9�,- �Q% ~	!�&	" ^#% 
� �
"! )�*

 �5" +@#-M(�)�`!��.(

+	�T N B" :,8 ~	!�,&	" :,K��;% :3
� :,K��;% R	�,'W8 7"�,2b

 Y�"� �B"�8 �V�,0 [#,0 h�,(' " E8�q"! +Q-'2-5 )�* )�,*

 :,,-K!" �b�,,5(DRin))Initial Desorption Rate ( +	�,,W  !

(DRf))Final Desorption Rate(
� :,,K��;% R,,	" /-,,0 B"

7�%B )�*��/|!f�# #0 :]5�j% �b�5 .:-K!" E8�q"! �b�5

 �=��(DRin): ��  t�V )�* B" :;K�g% �
�% )�*��/`�
��/��

+	�W  E8�q"! �b�5 ! �b�5 
� t�V e�@ 
� �=�� e�@!�Q-%

 B" �=�,,�|�`/|�,,
 |f�/|
� t�,,V e�,,@ 
� �=�,,� e�,,@!�Q-%

 :8 �b�5 #%N �5�)^!#q`.(R	�'�3DRin !DRft�,V )"�8 

J1)+';2X t�W0 +C
" 1	�
 /-0 )P�8 �-;��% (R	�'M,-8 !

t�V )"�8F3)+,C
" 1,	�
 /-,0 R-	�,� �-;��% �WM,V��(

#	��@ R--;
 .t�,V 
� �=�,� :,-K!" E8�,q"! �b�,5 �
�,% )�,*

 a�]	�$
 :;K�g%�|| �8 ��,8 �=�,� +	�W  E8�q"! �b�5 �8" .�,-��{

 B" c,� Y#0 �"BN �=�� 
"#$% :]5�j% o	�H B" t�V �=�� E8�q"!

��/|�b�5 )Qin)Initial desorbed Quantity(�"BN �=�,� 
"#$% [

:-K!" Y#0 (!f��b�,5 )Qf)Final desorbed Quantity ( 
"#,$% [

+	�W  Y#0 �"BN �=��(:8+% �5� #,	N)��.(3R	�,'�Qin!Qf

t�,V )"�8J1)"�,8 R	�'M,-8 !F3#,	��@ R-,-;
 )^!#,q`.(

�	��$%Qin!QfB" �'M-8 �25�* ! 7!"
 :;K�g% 
� Y#0 :]5�j% 

�=�,� 
"#,$% +,��H B" [��8 :;K�g% R	" 
� Y#0 :]5�j% �	��$%

 t�V R	" A3 +% R	"�8�28 [��8 �'�3�* t�V R	" �=@ 7"�
 
� �,*

 t�V �8 :�	�$% )�* [�2,5�* ! 7!"
 6,5�
 :;K�g% �
�% )"
"�

+% +2-	�� a�']�  �=�� R-%v
 �-��{ #20�8)�|.(

�B"�,,8 
� >,,-  +	�,,�  I8�,,
 :,,K��;% ��8
�,,3E8�,,q"! �=�,,�

�-$��% ��8 >-%N)^!#q �.(�b�5 �'%"
��"ab" +	�,�  I8�
 ^#% 

t�V )"�8 B" �*f�/|�
��/`t�,V e�@�,&-3 
� �=�� e�@!�Q-% 

:8 �b�5 
� #%N �5�)^!#q `.(�8�d �8 �'%"
�� R	"β/�:,K��;%

 9* ~	!�&	" +2;% +Z'�8 �
"� )
"�)^!#q�.(^#% R	" :,;K�g% 
�

D% �25�* ! 7!"
 ! +&�
�0 ! ^!"� E8�q"! �,8 "
 7�,%B �8 �=��

 
 �-$��%x	�M �5" Y��3)�|!�|.(:,K��;% [�C�O :;K�g% 
�

 :8 D-K�8"
�� +@#-M(� +2;% 
�H )
"� E8�q"! 7�,%B I8�,
 �=��

 ��3 x	�M
 "
)^!#q �.(Y�"� �B"�,8 :8 :q�
 �8 +Q-'2-,5 )�,*

 E8�q"! D,-K�8"
�� +@#-M,(� ! +	�,�  I8�,
 [~	!�,&	" :K��;% �8

+% �% [+@#-M,(� #,2	"�� �,��@ :T-'  7"�
 �!#,j% :,&O Y#,223

5,
� �b�E8�q"! ,V B" �=�� ,t�,% �,*,+#,0�8 .,T-'  R,	",:

-5
�@ 65�
,�–q�
 ,-@ ! �,A�
� B�'5" ,q"!,E8� =�,�,B" �

t�V +�;8 :,8 >,-  �- �m5" )#-5" )�* �,5" Y#,%N �,5�)��.(

9,* cK�,�B +,&� ! �
P!�� ! R	B�5 ! + !
�*N ��W2M,-� R-,2i

 	!�&	" :K��;% # ��3,�8 ~3"! )",F2*,-M(� )�,^�'23 +@# Y#223

 ! h�q #2	"�� �b�5 E8�q"!:8,% 
�3,+�!
)�!��.(:,g8"


 �,,,,8�d R-,,,,8 D,,,,	�> β/�! ~	�,,,,&	" :,,,,K��;% R�,,,,8�d [

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.1

2.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
07

 ]
 

                            10 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.12.7
https://jstnar.iut.ac.ir/article-1-876-en.html


,-	. /	0 ,�� ,�	
! �� �4�� 56�� �	"# �� 	�1 �- � 2�0 3�	
� 2�0... 

��� 

��A:).k�W�' M6�74 )r2(����7� ���A-	%�� 
	[0 �)SE ( �G�%
�� VL�	�� 

���� f��7� �� 78&� ,�9:�� 
	� 

:q
� ^!" :q
� �e!~	!�&	" I8�
 +	��  D-K�8"
�� t�V 

r2SE r2SE r2SE r2SE r2SE 

J1*`�/|`�/�ns��/|��/��**��/|��/|**��/|��/|**��/|�|/|

J2*`�/|��/�ns��/|��/�**��/|��/|**��/|��/�**��/||`/�

J3**��/��/`ns��/|`�/�**��/|��/|**��/|��/�**��/|��/�

Z1**`�/��/�ns��/|`�/�**��/|��/|**��/|�`/�**��/|�|/�

Z2**��/��/�ns��/|��/�**��/|��/�**��/|��/�**��/|f|/�

Z3**��/��/�*��/|��/�**��/||�/�**��/|��/|**��/|��/�

S1*`�/|��/�ns��/|f�/��**��/|ff/|**��/|`f/�**�f/|�|/�

S2**��/��/`ns��/||�/�**��/|�`/�**��/|��/�**��/|��/�

S3*�|/|ff/�ns�f/|�|/`**��/|��/�**�f/|��/�**��/|`�/�

F1*�|/|��/`ns��/|�`/�**��/|��/�**�f/|��/�**��/||�/`

F2*��/|��/`ns��/|��/�**��/|��/�**��/||f/�**��/|��/�

F3*`�/|��/�ns��/|`�/`**��/|��/�**�|/|��/`**��/|�f/`
** !*:+2;% /-
�
 :8 xg5 
� 
"� |�/|<P[|�/|<P

+% #-	v
 "
 :'Q  R	" D-K�8"
�� :K��;% +@#-M(� #23)^!#q�.(

�.��,�9:�� 
	�7%���	K �g%&� �ID6� 	� 78&� ^	0 >	� 

9* /	"�C �'%"
�� R-,8 +Z'�8 ! �=�,� E8�,q"! �b�,5 )�,*

E@s	! t�V S�* 
� :;K�g% �
�% )�*^!#q ��5" Y#0 :L"
" .

�=�,� 7#0 �"BN �b�5 �8 +']y% �d" t�V �
 
"#$% B" ! �
"�

 )�*�'%"
�� �8 )
�%N �k DRin [DRf[β/�!R9* �,]y% +Z'�,8

+2;% E,% 7�M  )
"� #,*� .:,? #, ��? �
">,@ :,8� �
"! ! R�,K"

 +@#-M(� /	�C t�,V �
 
"#$% F	">�" �8 �=�� +,Q*N )�,*

 +% F	">�" #8�	)�`.(+@#-M,(� /	�,C �'M,-8 �	��,$% R	"�8�28

 +% �=�� 
� �=�� E8�q"! �b�5 )P�8 �	��$% A&b B" +Q	 # "�


t�V #0�8 ��	B �
 
"#$% )!�O )�* .)�*�'%"
�� 
"#$% E��H B"

 +% o'M% +Q-'2-5 <P��;% B" :3 E8�q"! �b�5 # �0 G�,H :8 

�,5" :'��	 EM	">�" # !
 /-0 R-	��)^!#,q `.(��,C�% R,	"

 E% E8�q"! S�*�'%"
�� ! �
 R-8 �]y% :g8"
 #	�% :,?"�i [#0�8

 �,5" :,'��	 F	">�" /-0 R-	�� G�H :8 >-  �
 
"#$%)^!#,q 

�.(�,,��@ Y#,,	��  #,,	�]  "
 E,,KN �"�,,% �-dv,,
 :,,']K" .<�,,;K�g%

�
�� + !�'\K"�'� E��\5!�'\m5" c\	" )X-Ray photoelectron 

spectroscopy ( E% 7�M  EKN �"�% �8 U�V <"
� w�g5 :? #*�

 �5" Y#0 Y#-0�� 9? �	��$% 
� E'O)�`.(:8�"�,% E,&? 
�,H

 + �? S!
 <�=�� h�q EKN Aj% 7# �0�� �8 "
 �* E8�,q S�*

 7�\% E5�'5� �-&8�� F*�? �8 �	 :,	P R-,8 �,	 Eq
�V S�* S"

E% F*�? #2*�)�f.(���� 
� #0 :'=@ :z N :8 :q�
 �8 S�,* 

-0 R-	��,E% 9? �	��$% 
� +'O EKN �"�% /! E8�q"! 
� # "�
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.1

2.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
07

 ]
 

                            11 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.12.7
https://jstnar.iut.ac.ir/article-1-876-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! ��	"# � $"# /�	%&�	' ()*+ 

��` 

��A:w.�A! ���< 78&� ��A]� � 78&� ,�9:�� �G�%
�� VL�	�� 
	�7%���	K )soil µgP g-1(

�� A��px/y�+pU�	� )M�'7' 1�Qin �Qf(

:q
� ^!" ~	!�&	" I8�
 �� +	-K�8"
��D)�*
�'3�� +�3 

t�V k1α1/βDRin DRfababRQin Qf

J1|��/|��/��� |f/���/`|�`/|��/��|�/|f�/|��/���/`�|/�|

J2|��/|��/`�|�/���/�|��/|��/`�|/|�/��`/��``/���/��

J3|`�/|�`/���`�/���/��|`�/||�/����/|��/���/����/�||�/�|

Z1|��/|`�/���`/���/�||��/||�/f�f/|�f/�|�/����/`��/��

Z2|`f/|��/��ff/���/��|��/|�`/�|�f/|��/���/����/f��/��

Z3|��/||f/�����/��`/��|��/|||/���`/|�f/���/`���/���/�|

S1|��/|��/��f��/`��/�f|�|/|�`/����/|��/��f/`���/�|�/�`

S2|��/|�f/�`��f/``�/��|�f/|��/����/|��/���/`���/��|/�f

S3|`�/|�f/ff��/`��/��|�f/|�f/�|��/|��/��|/`�f�/�|�/�`

F1|`�/|��/�����/���/�||f�/||�/�`�f/|�`/�|f/����/��f/��

F2|``/|f�/����`/`f|/��|��/|�f/�`��/|�f/�`f/`���/�|||/��

F3|`�/|��/�|��f/���/��|f�/|`�/����/|��/`f�/����/�|�/`�
DRin : :-K!" 7�%B 
� �=�� SB�5�"BN �b�5)��/|F2?"! �!�0 B" c� �b�5 (,

DRf:E	�W  7�%B 
� �=�� SB�5�"BN �b�5)f�?"! �!�0 B" c� �b�5 F2(

Qin ::-K!" 7�%B 
� Y#0 �"BN �=�� 
"#$% 

Qf:+	�W  7�%B 
� Y#0 �"BN �=�� 
"#$% 

#0�8 �d�% �=�� h�q F*�? .

+,2;% :g8"
 t�V ^��;% 9-�&3 <�28�3 �,8�d �,8 )
"� )�,*

 [�"#  7�M  �=�� E8�q"! �b�5+K! 9* �8�d 7�-% +Z'�8 )�*

 ^�;� ^��;% 9-�&3 <�28�3 �8 �b�5 (ACCE)E2;% ! �]y% 
"�

��8)^!#q�.(! ^��;% 9-�&3 <�28�3 R-8 ��3 �
">@ +&�
�0

 �'%"
��β/�t�V 
� ~	!�&	" :K��;% ! 9-$'�,% :g8"
 +Q*N )�*

+2;% �
"� ��q! 
"�)��.(t�V
� [��,	B 9-�,&3 <�28�3 �8 )�*

 9* ! �5P�8 �=�� )B�5�*
 �b�5 t�V R	" R-2i +	�, "�
 �*

 �]q )"�8 )�'M-8 E,% "
"� t�,V ^�&j% �=�� F*�3 7" #2,0�8 .

t�V 
� c\b�8 R,*N )�*#-�3" ! �'�3 9-�&3 <�28�3 �8 )�*

 �5" 9? �']�  �=�� E8�q"! �b�5 [�'M-8 e�-2-%�KN !.
"#,$%

Ald+,Q	�>  
�-�,8 :,g8"
 �=�� E8�q"! �b�5 )�*�'%"
�� �8 

�"� 7�M )^!#q�.(F23"! :3 +	�T N B" E8�q"! ! h�q )�*

�<�28�3 [�*#-�3" +	�3>5 )!
 a�]K�l �=� + �3 ! �* +,5
 )�*

 E% <
�X t�V [��-@ ^��,;% 9-�,&3 <�,28�3 [�
 )"
"� )�*

^�;�[! ^��;% 9-�&3 <�28�3 Ald"
 )�'M-8 �=�� 
"#$% [�'M-8 

#%�q B�� 
� �=�,� 
"#$% R-;% + �%B Y
!� D	 
� ! :'0"� :Z 

% �"BN "
 )�'M-8,+#223 ."�K 5,b�
� �=�� E8�q"! �$%,:�	� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.1

2.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
07

 ]
 

                            12 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.12.7
https://jstnar.iut.ac.ir/article-1-876-en.html


,-	. /	0 ,�� ,�	
! �� �4�� 56�� �	"# �� 	�1 �- � 2�0 3�	
� 2�0... 

��� 

��A:x.��7g6AG6 	� 78&� ,�9:�� 2�%
�� VL�	�� U�7� 
	�7%���	K �g%&� 

�b�5�'%"
�� DRin DRf1/ß RabQin Qf

DRin **||/�**||/�**��/|**��/|**�|/|**��/|

DRf�**||/�**��/|**��/|**f�/|**��/|

1/ß �**��/|**��/|**f�/|**��/|

R�**��/|**��/|**��/|

ab �**f�/|**��/|

Qin �**��/|

Qf�

** :+2;% xg5 
� 
"�|�/|P <

��A:z.�� M6�74 �ID6� �07� � 78&� ,�9:�� 2�%
�� VL�	�� U�7� 
	�7%���	K B�� �g%&� ^	0 >	� 1�Z	[� ���� 
	� 

)�*�'%"
�� �b�5 OCClayCCE ACCE Al-CBD Fe-CBD 

Rns��/|*�f/|ns|f/|�*��/|**�f/|ns��/|

1/βns`�/|*��/|ns|�/|�*�|/|**��/|ns��/|

ab ns`�/|ns��/|ns|�/|*��/|**��/|ns��/|

DRin ns`�/|*��/|ns��/|�*�|/|**�f/|ns��/|

DRf
ns`�/|*��/|ns|�/|*�|/|**�f/|ns��/|

Qin ns�|/|ns��/|ns��/|�*��/|**f�/|ns�`/|

Qf
ns��/|ns��/|ns|�/|*��/|**��/|ns��/|

** !*:xg5 
� 
"� +2;% /-
�
 :8|�/|P <!|�/|P <

t�V �8 ">q" R	" �'�3 
"#$% )"
"� )�*)+% �'M-8 #0�8 .6,8"!


 B" #,;8 t�,V 
� E8�,q"! A,8�� �=�� 
"#$% R-8 ��/|�b�,5 

(Qin)!f��b�5 (Qf)[AldR,	" ^�;� ^��;% 9-�&3 <�28�3 !

:T-'  +% #-	v
 "
 )�-@ #23)^!#q�.(

z.�-	� B�� V�	8' ,�9:�� �� ��� 
	� ^	0 78&� 

�=�� E8�q"! 
� #	�8 9* "
 �
 ��  �-dv
 [�
 
"#$% �8 Y!�b

 ���@ �k  
� .+ �3 J��] " +5
 )�* �,] "�-l ! �	�,� �	�,� J�

 # 
"� �=�� E8�q"! �b�5 �8 +
!�='% �-dv
 .+ �,3 ��q! )�,*

J��] " :8 �	�� YB"# " 
� �--.
 A-K� �d" �8 �W N R'�Q0 ! : "#3�V 

Y!�@ +��H B" ! U�V 7#0 h�H�% [�,'�3 +jg,5 +&%�b )�*

 �b�,5 ! Y�"� 
"�� �-dv
 �j
 "
 7�%B �8 �=�� E8�q"! )�ZK"

 	">�" "
 �=�� 7#0 �"BN +% F#2*�)�`!��.(+ �3 +,5
 )�*

J��] "�-l :8 �	�2-K�L�3 Ay% �	�� Y!�,@ R'0"� A-K� +&%�,b )�,*

 �-Vv,
 �,8 �=�,� 7#,0 �"BN ! #, �d�% �=�,� h�q 
� +jg5

 +% <
�X ��-@ .+ �,? 6,5�
 h�q )�*#2	"�� +��H B" +	�,*

 +,%
! :,8 �]�,  �	�'\�5" ! �	�2-K�L�? Ay% �,\-% ! �,	P�?

I	�,,5 �,,X �,,
�	�'\�,,5" ! �,,	�2-K�L�? 
� "�,,	B :,,'��@ <
[

7�\% +,%
! ! �
"� ��,q! )�'M-8 E8�q )�* �,\-% ! �,	P�?

 7�\% S"
"� �\% A%�0 : �@#2i )�* 7:,	P R-8 )�* :,]K [)" ! )"

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.1

2.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
07

 ]
 

                            13 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.12.7
https://jstnar.iut.ac.ir/article-1-876-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! ��	"# � $"# /�	%&�	' ()*+ 

��� 

:j=,,X +,,% )" #2,,0�8 .J��,,] " �,,W2
 :,,  R	"�8�,,28 :,,Q&8 [)�	�,,�

7�Q% �5" �d�% �=�� 7#0 �"BN 
� 9* E8�q )�* .:8
�H):,3

 7�Q% R	" :i�* #,0�8 :',0"� ��,q! �'M,-8 �*[)�'M,-8 �=�,� 

F	">,�" t�V ��'5� A8�� �=�� Y�-V� :T-'  
� ! Y#0 h�q

E% #8�	 .E �,? �-dv
 �8 :g8"
 
� 7"
�\�* ! �8�*! �,8 E,5
 S�,*

}-'2-5 :;K�g% ��% Y�*�� :$g2% 
� �=�� S�* #, �"� e�,T " S" .


�� �"� 7�M  �W N :;K�g% n	�'  S"�,8 �b�,5 <P��,;% S�,*�'%"

 � �% E �? 7#,0 �"BN ! ��,8 �,	�2-K�L�? B" �'M,-8 �	� �&	
�%

 ��8 �'M-8 9* �=��)�f.(:;K�g% 
� 7"
�,\�* ! R,� 6,5�
 S"

 E �,? 65�
 �=�� E8�q"! ! h�q �8 :g8"
 e�,T " E,5
 S�,*

#0 .E �,? :,8 �]�  �	�2-K�L�? �"� 7�M  �W N n	�'  �,Z	� S�,*

"BN +	� "�
 �
"� S�'�? �=�� SB�5�)�f.(

�,8 J�,]

" 
� [�=�,� I	�,5 E8�q"! �0"� :q�
 #	�8 :']K"

 E% h��O :8 #2%��5 ! #-=% +@s	! D	 Y�-@ �=�� :	�.
 ! #	N

 hN +@��KN :3 )�
"�% 
� [#0�8 w�g% +2-%B�	B ! Ejg5 )�*

 AQM% :Q&8 Y��]  #-=% �W2
 : Y#	#� R	" E,% 9,* B�,5 ��,0 .
�

t�V �*+ �,3 ��  [:;K�g% �
�% )�,-;��% �,* 
� +,5
 )�,*

 #,0 �(M% +C
" 1	�
[:,8 )
�,H + �,3 :,? B" +,5
 )�,*

 1,	�
 
� /-,0 R-	�,� �,-;��% G�H :8 /-0 )P�8 �-;��%

 J��] " ��  B" +C
" J��,] " ��,  :8 �	���  B" [��,3 �,--.
 �	�,�

 KN �"�% 
"#$% +��H,,* +,,-	�� G�,H :,8 9,,�" /-,0 R,F	">

���	 .�b�5 �'%"
��β/�	!�&	" :K��;% ,[~R+@#-M,(� �8�d [

-K�8"
�� :K��;%,! Dab 8�d [,5 �,;% �b�,8�
 :K��,:,8 +	�,�  I

#, �"� 7�M,  +M	">�" # !
 /-0 R-	�� �-;��% G�H)^!#,q 

`.(�=�,� E8�,q"! �,8 �
 ! +,KN �"�% �-dv
 R'��@ �k  
� �8

 ,	�
 
� �b�,5 )�*�'%"
�� <"�--.
 # !
 ! t�V ! +,C
" 1

9,* + �,,3 �-dv,,
 R-,,2i +,,% +,,5
 )�,,* 
� �,,��@ :,,T-'  7"�,,


�-;��% E% P�8 �=�� E8�q"! �b�5 [/-0 R-	�� )�* #0�8[
�

t�V +	� "�
 ! Y�-V� ! h�q �-��{ :T-'  �=�� 7"�]q 
� �*

 F	">,�" /-,0 R-	�� G�H :8 )B
!�M3 A-� �'� ! :'��	 F*�3

+% #8�	.

1T�%-
7�I 

:8 q" E&? 
�H">)F2?"! 
� U�V 1&'(% U�,V 
� �=�� S�*

 ">,q" R,	" R	�
�d�,% B" :,? #, 
"� E�W% F$ )E,% :,8 7"�,


E �? ��? Y
�0" E5
 S�* .1	�
 
� :,;K�g% �
�,% E,C
" S�*[

E �? ��,  B" /-,0 R-	�,� ��,5 :,8 /-,0 SP�8 B" E5
 S�*

J��] " J��] " :8 �	���  
� e"#,? �,* �-dv,
 :,? Y��,? �--.
 �	��

!�5" <!�='% �=�� E8�q" .:,8 �,	"�&3 ��,q! :;K�g% R	" 
�

 �5" Y#-5
 <�]d" .t�,V 6	"�0 
� �,8 :,;K�g% �
�,% )�,*pH 

B" F-8f[E,% Y�"� �]�,  )
��,% �"�% :8 �	"�&3 ��q! ��,0 .

:,8 /-,0 R-	�� G�H :8 �	�'Q�5" ! �	"�&3 F	">�" :,8 A,-K�

 +% )
��% �"�% B" 7#-5
 �
" #0�8 .8"
 
� :']K" F	">,�" �,8 :,g

 G�H :8 �	�'Q�5" /-0 R-	��[9,* U�,V ^�,&j% B" A-\M
 

+% ��W2M-� ��0 .:8 �K�O R	" 
� ! �X�2b �k&l F	">�" A-K�

 ! w�,,%"pH 9,,* ! /,,5�2% 7#,,0 h�,,H�% ! DM,,V R-,,2i

 R-,%B )
�,-8N �d" 
� h!�2'% ��,T	" �	�'Q�,5" +,b"
B )�,*

+% ��0 .E\-'2-5 <P��;% R-8 B"[!�,&	" :,K��;% :,8 ~	 7"�,2b

 
� 7�%B ! �=�� 7#0 �"BN R-8 68"!
 x	�M
 
� :K��;% R	�'W8

t�V #0 h�(' " :;K�g% �
�% )�* .�b�5 �'%"
��β/�:K��;% 

[~	!�&	"R! D,-K�8"
�� :,K��;% +@#-M,(� �8�d [ab �,8�d [

#, !
 /-,0 R-	�� �-;��% G�H :8 +	��  I8�
 :K��;% �b�5

 E% 7�M  +M	">�" #2*� .9*2i1,	�
 e��
 
� R- +,C
" )�,*[

�
 
"#$% t�V �5" :'��	 F	">�" /-0 R-	�� G�H :8 �* .�,8

 �,8 �
 ! +,KN �"�,% �-dv,
 ! <"�,--.
 #, !
 R'��,@ �k  
�

 1,	�
 
� �b�,5 )�*�'%"
�� <"�--.
 # !
 ! �=�� E8�q"!

 9* ! +C
" + �3 �-dv
 R-2i +% +5
 )�* �,��@ :,T-'  7"�,


 
� ! �=�� E8�q"! �b�5 t�,V +	� "�
 :T-'  R-%v,
 
� �,*

 +% F	">�" /-0 R-	�� G�H :8 Y�-@ B�-  �
�% �=�� #8�	 .:']K"

 + �,? �-dv,
 :,;K�g% R	" 
� �=�,� 7#,0 �"BN �,8 E,5
 S�,*

:8 ">q" �	�5 
��O 
� ! E=-? <
�X):,'��@ <
�X U�V 

�5"[+K�O 
� �	�,5 �-dv,
 #,	�]  �=�,� E8�,q"! # !
 
� :?

 #	��  "
 u">q" ���@ Y.�* �8 S��K"�2-% 9-$'�% �-dv
 S"�8 "�K

 ">q" �	�5 �-dv
 G�O ! U�V 
� S#2	"��):,;K�g% #	�8 �,W2
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.1

2.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
07

 ]
 

                            14 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.12.7
https://jstnar.iut.ac.ir/article-1-876-en.html


,-	. /	0 ,�� ,�	
! �� �4�� 56�� �	"# �� 	�1 �- � 2�0 3�	
� 2�0... 

��f 

E �? A$'�% 
��O 
� 7�,2-�H" �,8 �,
 ��,0 e�,T " E5
 S�*

 :8 n	�'  �8 :g8"
 
� 7"�'8 S�'M-8 ��,? �,k  
�W{" Y#%N �5� .

E% :-X�
 R	"�8�28 :,;K�g% ��0 ,
 �,8 :,g8"
 
� S" A$'�,% �-dv

+ �? S�',5"
 
� �=�,� E8�,q"! ! h�q #2	"�� �8 E5
 S�*

 E �? �-dv
 E8�	B
" ! Y�,-@ B�,-  �
�,% �=�,� R-%v,
 �8 E5�20

9* hN E@��,KN 
� 7N F,$  R-2i E,2-%B�	B ! Ejg,5 S�,*

��0 e�T " .

��	
� ���� ��	8%�� 

�.9	�3 w [Y�"B ." !.7�-K�q .����.�,V ^�j
 ! +Z �Zi :;K�g%t+,C
" 1,	�
 D,	 
� �,*�! "B�-� �,V +,b�� YB�,O 
� +,8N 

:&i �Wi 7�'5" 
� : �V
)
�-'(8 ! ^�j% .#WM% +5!��� Y�ZM "� [t�V e�&b Y�Z23 R-�M0 <P�$% :X�V.

�.+ �-?[G.���� .U�V A%�\
 ! A-\M
 :;K�g% )
�,-'(8 ! ^�,j%
�Wi 7�',5" 7�%#,2@ �,0� 
� +,8N +,C
" 1,	�
 }	 
� �*.

 7�	��#0
" +5�20
�3 :%�U�V +5�20[)B
!�M? Y#\M "� ،7�W=X" +';2X Y�ZM "� .

3. Aharoni, C. and Y. Suzin. 1982. Application of Elovich equation to the kinetics of chemisorption. Part 3: 
Heterogeneous microporosity. J. Chem. Soc. Faraday Treans. 78: 2329-2336. 

4. Aharoni, C., D. L. Sparks, S. Levinson and I. Ravina. 1991. Kinetics of soil chemical reactions: Relationships 
between empirical equations and diffusion models. Soil Sci. Soc. Am. J. 55: 1307-1312. 

5. Allison, L. E., and C. D. Moodie. 1965. Carbonates. PP. 1379-1396. In: Black (Ed.), Methods of Soil Analysis. Part 
2, Am. Soc. Agron, Madison, WI.  

6. Bar-Yosef, B., U. Kafkafi, Rivka Rosenberg and G. Sposito. 1988. Phosphorus adsorption by kaolinite and 
montmorilonite: I. Effect of time, Ionic Strength, and pH. Soil Sci. Soc. Am. J. 52: 1580-1585. 

7. Curi, N. and D. P. Franzmier. 1984. Toposequence of Oxisols from the central plateau of Brazil. Soil Sci. Soc. Am. 
J. 48: 341-346.  

8. Drouinean, G. 1942. Dosage rapide du calcaire actif du sol; nouvelles donnees sur la separation et la nature des 
fractions calcaires. Ann. Agron. 12: 441-450. 

9. Elkhatibm, E. A. and J. L. Hern. 1988. Kinetics of phosphorus adsorption from Applachian soils. Soil Sci. 142: 222-
229. 

10. Elrashidi, M. A., A. van Diest and A. H. El-Danaty. 1975. Phosphorus determination in highly calcareous soils by 
the use of an anion exchange resin. Plant Soil 42: 273-286. 

11. Evans, R. L. and J. J. Jurinak. 1976. Kinetics of phosphorus release from a desert soil. Soil Sci. 121: 205-211. 
12. Garcia-Rodja, I. and F. Gil-stores. 1997. Prediction of parameters describing phosphorus desorption kinetics in soils 

of Galicia (Northwest Spain). J. Environ. Qual. 26: 1363-1369. 
13. Gee, G. W. and J. W. Bauder. 1986. Particle size analysis. PP. 383-411, In: A. Klute. (Ed.), Methods of Soil 

Analysis. Part 1, Am. Soc. Agron, Madison, WI. 
14. Gerin, P. A., M. J. Genet, A. J. Herbillon and B. Delvaux. 2003. Surface analysis of soil material by X-ray 

photoelectron spectroscopy. Eur. J. Soil Sci. 54: 589-603. 
15. Haynes, R. J. 1999. Effect of liming on phosphate availability in acid soils. Plant Anal. 68: 289-308. 
16. Hussain, M. S., T. H. Amadi and M. S. Sulaiman. 2003. Characteristics of soils of a toposequence in northeastern 

Iraq. Geoderma 33:63-82. 
17. Istok, J. D. and M. E. Horward. 1982. Influence of soil moisture on smectite formation in soils derived from 

serpentinite. Soil Sci. Soc. Am. J. 46: 1106-1108. 
18. Kittrick, J. A. and E. W. Hope. 1963. A procedure for the particle size separation of soils for x-ray diffraction 

analysis. Soil Sci. 35: 621-626.  
19. Kumar, V., R. J. Gilkes and D. S. Bolland. 1995. Forms of phosphate in soils fertilized with rock phosphate and 

super phosphate as measured by chemical fractionation. Aust. J. soil Res. 31: 465-480. 
20. McDowell, R. W. and A. N. Sharpley. 2003. Phosphorus solubility and release kinetics as a function of soil test P 

concentration. Geoderma 112: 143-154. 
21. Mckeague, J. A., J. E. Brydon and N. M. Miles. 1971. Differentiation of forms extractable iron and aluminum in 

soils. Soil Sci. Soc. Am. Proc. 35: 33-38. 
22. Mikutta, C., Lang, F. and M. Kaupenjohann. 2006. Kinetics of phosphate sorption to polygalacturonate-coated 

goethite. Soil Sci. Soc. Am. J. 70: 541-549. 
23. Murphy, J. and J. P. Riley. 1962. A modified single solution method for determination of phosphate in natural 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.1

2.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
07

 ]
 

                            15 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.12.7
https://jstnar.iut.ac.ir/article-1-876-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! ��	"# � $"# /�	%&�	' ()*+ 

��� 

waters. Anal. Chem. Acta. 27: 31-36. 
24. Olsen, S. R. and F. S. Watanabe. 1963. Diffusion of phosphorus as related to soil texture and plant uptake. Soil Sci. 

Soc. Am. Proc. 27: 648-653. 
25. Ovalles, F. A. and M. E. Collins. 1986. Soil landscape relationships and soil P availability in North Central Florida. 

Soil Sci. Soc. Am. J. 50: 401-408.  
26. Pavlatou, A. and N. A. Polyzopoulos. 1988. The role of diffusion in the kinetics of phosphate desorption: The 

relevance of the Elovich equation. J. Soil Sci. 39: 425-436. 
27. Penn, C. J., G. L., Mullins and W. Zelazny. 2005. Mineralogy in relation to phosphorus sorption and dissolved 

losses in runoff. Soil Sci. Soc. Am. J. 69: 1532-1540. 
28. Peterson, S. R. and J. J. Jurinak. 1979. Kinetics of salt release for Mancos shale. Agron. Abstr. P. 151.  
29. Rajan, S. S. and R. L. Fox. 1972. Phosphate sorption by soils. I. Influence of time ionic environment on phosphate 

sorption. Commun. Soil Sci. Plant Anal. 3: 493-504. 
30. Raven, K. P. and L. R. Hosner. 1994. Soil phosphorus desorption kinetics and its relationship with plant growth. 

Soil Sci. Soc. Am. J. 58: 416-423. 
31. Rhoads, J. W. 1986. Cation exchange capacity. PP. 149-158. In: A. C. Page, (Ed.), Methods of Soil Analysis. Part 2, 

Am. Soc. Agron, Madison, WI. 
32. Samadi, A. and R. J. Gilkes. 1999. Phosphorus transformation and their relationships with calcareous soil properties 

of southern western Australia. Soil Sci. Soc. Am. J. 63: 809-815. 
33. Sharpley, A. N. 1983. Effects of soil properties on the kinetics of phosphorus desorption. Soil Sci. Soc. Am. J. 47: 

462-467.  
34. Sparks, D. L. 1989. Kinetics of Soil Chemical Processes. Academic Press, San Diego, CA. 
35. Sparks, D. L. 1998. Kinetics of sorption/release processes on natural surfaces. In: P. M. huang, N. Senesi and J. 

Buffle (Ed.), Structure and Surface of Soil Particles. Vol 4. John Wiley and Sons, New York, NY. 
36. Sparks, D. L. 1999. Kinetics of soil phenomena: Future directions. PP. 81-102. In: P. M. Huang, D. L. Sparks and S. 

A. Boyd (Ed.), Future Prospects of Soil Chemistry. Soil Sci. Soc. Am. Spec. Pub., Soil Sci. Soc. Am. Madison, 
WI. 

37. Wahaba, M. M., S. M. El-Ashry and A. M. Zaghlool. 2002. Kinetics of phosphate adsorption as affected by vertisols 
properties. 17th WCSS. Thailand. 

38. Walkey, A. and I. A. Black. 1934. An examination of Degtjareff method for determining soil organic matter and a 
proposed modification of the chromic acid in soil analysis. 1. Experim. Soil Sci. 79: 459-465. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

44
.1

2.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

1-
07

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            16 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.44.12.7
https://jstnar.iut.ac.ir/article-1-876-en.html
http://www.tcpdf.org

