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Abstract 
The main objective of the present study was to investigate Cd(II) adsorption by immobilized silica nanopowder 
within calcium alginate and to determine the isotherm, kinetics, and thermodynamics of the adsorption process. 
Batch flow mode reactors were used to investigate the effects of initial pH, contact time and metal ion 
concentration on Cd(II) adsorption. The optimal contact time and initial pH for Cd(II) adsorption were found to 
be 120 min and 4.0, respectively. Increasing Cd(II) ion concentration from 10 to 1000 mg/L led to increasing 
adsorbed Cd(II) ions from 5.71 to 100.65 mg/g. The results showed that the Langmuir isotherm model was the 
best model to describe the experimental data (R2=0.997). The maximum adsorption capacity (qm) for Cd(II) 
adsorption onto the adsorbent was estimated to be 72.99 mg/g. Based on the mean free energy of adsorption (E) 
obtained from Dubinin-Radushkevich (D–R) isotherm model, Cd(II) adsorption onto immobilized silica 
nanopowder follows a chemical mechanism (E=8.451 kJ/mol). The kinetic study indicated that the pseudo-
second order model was a more suitable model than the pseudo-first order one for describing Cd(II) adsorption 
(R2=0.999). Additionally, the negative ∆Hº and ∆Gº values demonstrated an exothermic and spontaneous Cd(II) 
adsorption onto immobilized silica nanopowder. 
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 �� � #&�< ���#�� �<���?$ (�M�H -��$�#�M% �� i#�$��  5�?<�B�
 � 5��<� (�M�H Q ��� �� @06 =8: �����! -��� Q �� .(�#9 

��#�� Q�%� ��#��% Q ��� 5� -�$�Q ��� ��� #&�G�� =8�:
-�  (M�H �� (D'% ���� ���])J[.

4�59x��� #� -� =8: -��� #� �����! 5�<� (M�H #�gh$
��'�! ��
 e<� �� @06 (�Da$ ��������%�% 

 �>��:� ?$�	.#� �@/�A� 
A0� ���
��� � #�/	%P *m�<0%�#� =8: i#$��  ���xm ��6���j

#���������%�% ��� #� �����! =8: 0
 #� +�1�$�@0�6 (�Da$
 m�<0�%�#� i#�$��  ��B" i#�� .0%0�6 @��4&�� ���'�! ���
 e<� ��

5� (� # � ���1 

eFe Clog
n
1Klogqlog += )l(

5B�� �  �� 5! 
qe-���  -����� C��'�#� =N���: ��� #��� @0��6 =8��: ������ �����

���� *i#9 #� i#9 Ce-��  (�M�H A����� �� @0�%�/�c�� ����� ����
���� C'�#� � #&�< �� i#9 n�KF(��g 5� � m�<0%�#� ��� C��$#$

 .0
&'� =N�: =8: (��#W � =8: �06 �� �D$#� 
5� ��% #�/	%P i#$��  5B�� �B" _�6 (� # � _�6 

m

e

me

e

q
C

Kq
1

q
C

+= )K(

5B�� �  �� 5! 
qm����� C�'�#� =N��: =8�: (��#W #a!0� � #�&�< �� i#�9K

-���� Q�G! ��#�% #�� ��8�: �����*@0%��6 =8�: @���� =8�:
���� #� #&�< C'�#� (� i#9])[.��� q�D$� �� *#��/	%P i#�$�� 
) ������0: ��&!����RL�����?$ #�� � 5��B�� ���� 5��! (��� }#��B� (

����6]K[

KC1
1R

0
L +
= )L(
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10
12
14
16
18
20
22
24
26
28

0 60 120 180 240 300 360 420

یم 
ادم

بک
جذ

زان
می

)
یلی

م
گرم

مبر
گر

(

)دقیقه(زمان تماس

0
10
20
30
40
50
60
70
80

0 200 400 600 800 1000

یم 
ادم

بک
جذ

زان
می

)
یلی

م
گرم

مبر
گر

(

)ر لیتردگرم میلی(غلظت کادمیم

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

6���� � ���������	
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5B�� �  �� 5! 
Co����� C'�#� @0%�6 =8: @��� 5�<� (M�H � #�&�< �� i#�9K*

���� #� #&�< C'�#� #�/	%P (��g .(� i#9 
� _���$ @��� 5� �� ����0: ��&!�� # ��z��#9 :��6RL#��#�

(G9#� =8: Q
!� �
?  *06�� #41 #9 *(� # 8>RL#4�1 ���
 ����� 5�! �$��1 �� � (� =��B� Q
!� �
?  *06�� T  �#�$ 

.��� 0��,% =��B� =8: 0
 #� *06�� T  � 
����
��� i#��$��  A0���x#��� ����% m ���6����(������ �����?$

5� *=8: 0
 #� �� ��� �  � � ��/�6 @�#&�'9 ��Z @0�6 @��4&�� �
(� @06 @�� -�G% # � 5B�� �� i#$��  �  �B" _�6 .(� 

2
m kQlnQln ε−= )V(

5B�� �  �� 5! 
Q=N�: ��� #� @06 =8: @0
 P� -��� *i#�9 #�� A��� C�'�#� 

QmC'�#� =N�: =8: (��#Wi#9 #� A�� �k��� �D$#�� (���g
 C'�#� =8: �{#%A�{ ��8^� #� A�� ��8^� ���
�/� .(�ε

�%E> _�'%�&>jC'�#� A��� ��8^� #� A�{ ��8^� ��� 5�! .(��
� ���?$ # � 5B�� � @��4&����6])K[

)
C
11ln(RT

e
+=ε )Y(

5B�� �  �� 5! 
R#�#� ����9 �%��: (��gnj�/�� ���! 5�:�� �� A��� #� A�{ �
TC'�#� ���� ��! .(� ������! =8�: ���&� ��� �{#% )E(

#�y&� �0z� � @��4&� ��k5� *5B�� @� � @0�� (��VR��� #�� �
� ���?$ # � 5B�����6 

k2
1E
−

= )\(

�0z� � @��4&� ��E�� #�9 .�#�� ��> =8�: ��'�%��� 5�� -�$
 �0z�E���]�)Y*06�� A�� #� A�{���! � ��/��6 =8: (����

 � #&/! 5! �$��1 �� � (��A��� #�� A�{����! ��'�%��� *0�6��
��� 0��" �� ��� =8:])K[.*i#�$��  5�?<�B� t �&% �� q�D$� ��

 _���6 ������B" -�����#9� *i#��$��  � #���/	%P *m�<0��%�#� �����
��
���x#� .(� @06 @�� -�G% m �6����i#�$��  _���$ ����

 *=8: +�&,�pH 5�� Q
�!� -���� � =N��: �� *5��<� �� C��$#$
 # ��z�L�)� #�&�< �� i#9)Jf 5�� 5�:�$ ��� .0%0�6 ���M
$ 5�z�c�
 A�0:)5�� ���?$ C #` # ��z� *#�� @0��� (����i#�$��  ����

�� -�G% +�&,� #� #�/	%P =8: i#$��  5! 0���������! =8:
 
1 Polanyi Potential 

��� 5��[� � �����B$ � #&��G�� *5��?<�B� ������ =N���: ��� #����0���� 
)bbb/f=R2A�0��: 5��� 5��:�$ ���� .()=8��: (����#W #a!0��� *

������ ���>�%�%�#� @06 (�Da$������! =8:bb/\J���� i#�9
 .(� i#9 #� 

(+<)

(=)

(F)

4�5>�+< x= *m�<0%�#� ��� i#$�� xw � #�/	%Px��
���x
#� *m �6������ @06 (�Da$ ��������%�% ��� #� �����! =8:

��'�! ��
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7 ��������	
������� � �

3	����#� +�&,� ��� i#$��  ���#�y&����� #� �����! =8:
��'�! ��
 e<� �� @06 (�Da$ ������� ���> �%�% 

?$�	.#� B�$�C!�
����

m�<0%�#� i#$��  
Kf\f]/J
nYKb/)

R2bLb/f

#�/	%P i#$��  

qm
(mg/g) 

bb/\J

K(L/mg) f)\b/f
RLVJ\/fx)V\/f
R2bbb/f

��
��� i#$�� xm �6���

(mol2/J2) k
bx)f×Y

(mol/g) QoffJ\/f
(kJ/mol) E)Jb/b

R2b\\/f

A�0: ��J#a!0� *������� ���>�%��% =8�: (��#W�(��Da$
#� @06�=N��: ��� ������! =8: .(�� @0�6 5�' �z� #�	 � ����

@�� A�0��: �����J=8��: (����#W #a!0��� 5��! (��� -� � �!����
������ ���>�%�%�_���c ��'�! ��
 e<� �� @06 (�Da$ ��  � 5�' �z�

=N�: # �� � #&G�� .(� ��@�� A�0: ���)� -�G%�5! 0��RL

���)b\/f�VbV/f��� #�� �����! =8: 0
 #� � #��
� *(�
������ ���>�%�%�@06 (�Da$.(� =��B� #�����'�%��� ����?$

@�� *=8: ��
��� i#$��  �� ���	G ���� ���x���DB$ m ��6���
 # ��z� .06 @��Qo�k5� C��6 � �0D� � �#3 � @��4&� �� C�$#$

 ���/%lnQ #�#� �� ε25� A�0�: �� � @0�� (��j@0�6 @�� -��G%
(� .A�0: 5� 5:�$ ��j�0z� **������! =8�: ���&� ��� �{#%

��� #� ������ ���>�%�%����'�! ���
 e<� �� @0�6 (�Da$jl�/�
5� A�� #� A�{���! =8�: � ��/��6 (����� #	%���� 5�! 0��� (���

 ��� #� �����!������ ���>�%�%�@06 (�Da$ .(� 

3	����=N�: =8: (��#W #a!0� #� +�&,� ���������! =8:
���� ��5?<�B� ���� =N�: �� 5' �z� �� ��� ��� 

���� B� 
�:� ;�D$E $F8��G

(?$I $, ?$I %���)
KL7� 

Amino-functionalized nano 
mesoporous silicaJV/)]]K[

Amino-functionalized silica 
nano hollow sphere\K/Lf])L[

Amino-functionalized silica gel ]b/K)])L[
Magnetic p(AMPS) hydrogel 

composite]V/)Lf])V[
Nano-iron oxide supported with 
treated municipal sewage sludge\/)L])Y[

Nano-hydrated ferric oxide 
supported with polyacrylamideJ/)L\])Y[

Calcium alginate b)/Kf])f[
Immobilized Fucus vesiculosus 

within alginatef]/YV])f[
Immobilized silica nanopowders 

within alginatebb/\J#`�� 5?<�B�

 �M��:� N�!7�� �@/�A� 
#� =8: T�&
�� 5?<�B��Q��> �� � =8�: (3#�� � �#�% ��
��

A0� ��&�� A0�� .(�� ���� ����'� 0�
 #� ���#Z � ���� ����
 5D6 ���&
�� 5D�6 � A� 5:�� 5�� *i�� 5�:�� � #$�#����!#> -��
3

A0� #� *���5� =8: �'�%��� ��� �� #� � 5�B�� .0%0�6 @�#�� ��!
5D6 A0� �B" _�6 ��D� (� A� 5:�� 

t
303.2

k
qlog)qqlog( ad,1

ee −=− )�(
5B�� �  �� 5! 

q-��� �� =N�: ��� #� @06 =8: @��� -��� t���� C'�#� i#�9
 � i#9 #�k1,ad =8: (3#� (��g (� 5z�c� d�3 C'�#� .

���/% � _1�� (�� �" log (qe-q) #�#� ��t��  #	%���� *
5D��6 A0��� 5��! (��� 5��[� =8��: � ������B� +���1�$ *A� 5��:��

��5D6 A0� �B" _�6 .0�� (� @0�� # � �� ��% i�� 5:�� 

t
q
1

qk
1

q
t

e
2
ead,2
+= ))f(

5B�� �  �� 5! 
k2,ad 5D6 A0� (3#� (��g *���� #� i#9 C'�#� i�� 5:�� �� i#�9

 .(� 5z�c� 
���/% � _1�� (�� �"t/q #�#� �� t5�! (�� ��  #	%���

5D6 A0� � 5[� =8: � ����B� +�1�$ A� 5:���0���])L[.��
_�6�5D6 T�&
�� A0� �B" -���#9� 5D�6 � A� 5�:�� 5�:��

 @0��G� _��c i�� #�� .(��*������! =8�: T�&
��� _����$pH 
5� R�/$ -��� � =N�: �� *�����! 5�<� (M�H *5�<� C��$#$L*Vf

���� #&�< �� i#9 *)#�&�< �� i#�9 �)Jf .0�6 5�&�#9 #�M% �� 5�z�c�
A0� ���#�y&� A�0�: �� 5�?<�B� ����� ���&
�� ���K@�� -��G%

@06 ��G% ����'&! ����?$ C #�` 5�' �z� .0% -(�� ��  @0�
�� 
5D�6 ���&
��� A0� 5! #�� � 5&�6� �#&�G�� ���DB$ *i�� 5�:���

C����
� �������! =8��: +���1�$ 5D��6 A0��� � #��$ (��� A� 5��:�� 
)bbb/f=R2(.A0�� � ������! =8�: (��?D$ ��� q�D$� �� ����

 *���&
�� ��� #�� @0%��6 =8�: @���� =8�: 0�
 #� 5! �$��1��
5� =N�: T�  ���1 (�G9#� 0�
 #� 5� P -���� � N��4% ��� # 8�>

��#�j5D�6 ���&
�� A0� � 0
 #� *��6 ��0�� =N�: A� 5�:��
� ��#�>���'�%��� *=8: 0
 #� �� A�� �  �� .0
! ��4�&,� ����

_�"� � ��%� 5�/: � 5! 0%�Q
�/�#� 5� -�$ � T�$�&��#&�< ���
-��� ��� � ��/�6 #� A�?� ����� =8�: -��  @���6 ����� ����

 5D�6 A0�� � #���
� *�#! #�� � ���DB$ � #�&�� i�� 5�:���=8�:
-�  ��B� (6� 0��" =N�: ��� #� ���� ���])�L[.

1 Boundary Layer 

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

8���� � ���������	
���

3	�� �������� ���> �%�% ��� #� �����! =8: T�&
�� 5?<�B� t �&%
��'�! ��
 e<� �� @06 (�Da$ 

%��!7�� 3�� B�$�C!�
����

5:�� 5D6 A0� A� 
R2bbJ/f

k1,ad  
(1/min)fJY/f

qe
(mg/g)bKY/)Y

i�� 5:�� 5D6 A0� 
R2bbb/f

K2,ad  
(g/mg.min)fV]/f

qe
(mg/g))V/Jb

(+<)

(=)
4�5M�+< T�&
�� ���/%x= � A� 5:�� 5D6 xi�� 5:�� 5D6

#� *=N�!�@06 (�Da$ ��������%�% ��� #� �����! =8: 
����'�! ��
 e<� 

 �O��:� N���7#��$� �@/�A� 
���� 5&���>�% -� #: �����&!� ���� #��y$ �� T���
 ���#$ 5?<�B�

Jf �$Lf�� #�#� R��'�� 5:��JbK �$K)K i��^% *� ��! 5:��
 dD���9 ��� �{#��% ���  ��� �{#��% #����y$ .0��6j)∆G◦C��'�#� (

 
1 Gibbs Free Energy 

�p<�&%� #��y$ *A�� #� A�{���!l)∆H◦(� A��� #� A�{���! C'�#�
�>�#&% #��y$n)∆S◦#�� *� ���! �� A��� #�� A�{���! C'�#� (�

������� ���>�%�% ��� #� �����! =8:�@0�6 (��Da$ � @��4&�� ���
06 5D���� # � ���� 

DRTinKG −=∆ ° ))f(

RT
H

R
SKln D

°° ∆
−

∆
= )))(

���� �  �� 5! 
R*����9 (��gT� � ��! C'�#� ���KD)qe/Ce�� ��$ C #�` (

(�])\[.
) C�6 � @��4&� ��-∆Hº/R ) �0�D� � �#3 � (∆Sº/R ����/% (

lnKD#�#� �� 1/T*5�@�� ���/,$ =8�: ��>�#&% � �p<��&%� C�$#$
 _�6) 06\A�0�: �� ��#�y&� �  # ��z� .(L@0�6 @�� -��G% .0�%

 A�0: #� ���	%L� -�G%�# ���z� 5�! 0���∆G◦5�� (��� � @0���
 (����� 5�! (�� ��  #	%���� � (�� ��4
� *T���
 ���#$ 5?<�B�

�������%�% ��� #� �����! =8:�*���'�! ���
 e<� �� @0�6 (�Da$
5� 5���" ���1 �4
� # ��z� .(� ���"∆H◦��% -�G% ��  @0
��

 ��4
� *��  #�� -���� .(�� i#$��9 �����! =8: 0
 #� 5! (�
 #�y&� -���∆S◦-�  ���� 5:�� Q��! �� �9 =8�: ������! ���

-��� ��� #� @06 (� =N�: ��8: ���])][.

4�5P�(�Da$ ��������%�% ��� #� �����! =8: T���
 ���#$ ���/%

��'�! ��
 e<� �� @06 

2 Enthalpy Change 
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3	��9�#� �����! =8: T���
 ���#$ 5?<�B� � @0�� (�� 5� t �&%
��'�! ��
 e<� �� @06 (�Da$ ������� ���> �%�% ��� 

���
)K(

∆G◦
(kJ/mol) 

∆S◦
(kJ/mol K) 

∆H◦

(kJ/mol) 

JbKLK)]/fx

f)LK/fxVbb/Lx
Jb]KJ\V/fx
KfKJYLJ/fx
Kf]Jfb)/fx
K)K)KVK/fx

9��Q�!� �$�I 
-�  ��B� =8: *5?<�B� �  �� ��� #�� ������! ��	
�� ��� ���

������ ���>�%�%�t ��&% .0�6 ���#� ��'�! ��
 e<� �� @06 (�Da$
 Q �� �� 5! �� -�G%pH -���� *�0��� @��0��� �� A���� 5�<�

� Q �� =N�: ��� #� �����! =8:�*��
�/� .0��  5�� 5�:�$ ���
 #�� @��$�! Q
!� -����) =8�: A���?$ 5�� -0����)Jf *(5�z�c�

@#�� ��#��5�� 0
 #� ��^� ��� ����&!� ��� _���! R���z� ����1 
&
��� A0�� � #��/	%P i#�$��  A0�� .���� 0���" #�'�� #&/! ��� 

5D6 ��� #� �����! =8: � � +�1�$ � #&�� *i�� 5:�� ���>�%��%
����������5���?<�B� t ����&% �����
�/� .0���%�� 5���[� @0���6 (����Da$

#	%��� *=8: T���
 ���#$ (���� i#$��9 �5���" ����" 0�
 #� 
=8: �����! #���� =N�: @0�6 (�Da$ (��.t ��&% 5�� 5�:�$ ���

5� *5?<�B� �  � @0�� (�� ���������� ���>�%��% 5�! (�49 -��$�
� ��'�! ��
 e<� �� @06 (�Da$�@0�
 � � 0�����! ��N��: 0�%�$ ��

#��-��$�! 78� ���� �� ��	
� ���� ��� .06�� ��� ��� 

>�%���
�R 
k� ����6�> i����3 @�	��G%� (�� �/� � *5��<�z� ���  -�90
��' �% �

#�� -�&�#< ��6�> i��3 @�	G%��� #��G$ Q��e�> ��  �#D�G�>
� �%��0c�.0

! 
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