
"�; <
� ���1��  l.\� �/� " ��� �� ����
#... 

84����� � ����������	
��



�� )$= ����G�/ E�F� �S� 
/��
 >�?= �
�5 �
 .�'�$� 
;4��1+ NB- �
 N+  � 
�<� ��� 

*
�9c�! ��'
 ���
���4�
4+ ���' +�,�:q �^��
� ��

'+���R\� M1W�\ 7�:���) ,M��$ M ���� 7�9���) ,�$�� M ��$��& T
U���) 
F+���R\� M1W�\ 7�:���) ,M��$ M ���� 7�9���) ,-%#
 6�4� T^
J
�9�
�� ������) 

(B
C%� 7��%#
�)((`'N[(F )G('(hzilouei@cc.iut.ac.ir 

G�����)A/C/LCN��M>9B/@5/LC(

���1/ 
>�� -� ^8/@/�A	 '8��R% !�7 3�4�� =���5 =�	 c�$ ���  =�O� .�/ 3� ����5 &��$ >5�C �5 3% .���1�� j"b� �L� =���5
:��b

'8��R% !�7 3��8��� � !�7 8b�� �5 H�-�l��C =�O� .�/��5!��7 �8�5� ��C >�� .��5 . � 8�8� 4��� H�-�l��C � ���1 .�/ ^�B+ .��5
HO� &��(� -� c�1 H��N �5 .�/ Y��E� .�/dP� drP ���� �� c�I @���-% \���� .8� '��O��� c�1 HO� -� 8b�� >���25 
C ��� 3�<� �/

=�	 c�$ ���1�� �� &��$ >5�C =�-� 3� ���`8b�� �  !�7 8b�� @��4$� D7�� 
C H��dF� 8b�� �� &�B�$ >5�BC ��m+ .H�� '8
�$ ���1��c!% 8�8� @��4$� �9�5 �/ !��7 .4��I !��7 �� �� !�7 3��8��� � 8� H�-�l��C .�/ �5 H�-�l��C`8b�� �B  &�B�$ >5�C

gG 8b�� 
���� H��N ��dP���� �� c�I !��B7 =���  .��5 
C ��� 3�<� !�7 =����  :����U� .��� @��4$� c�1 HO� -� &8B� 6�B/ .�B/
�����~�����R � 3����	6��'�=� Y�b�  ��25 �� c� �4�� .�/ 5 .8��C
��+� �����.!��7 ��+� ��� -� �/.&"+ �5 =������ =B�O� .�B/

!��7 !�7 8b�� � 3��8��� @��4$� D7�� 
C 8� '��O��� � � c������	 � >u���  H�-�l��C � ���1 c�$ .�/.8� 

'F
) ��% ���
2 :'�1/Q> �
� ;�* @4[� @�05� ��% @��+��/O/(�\��I @�� * =��I 

/0&��1� 
S ;. �7��O* n@. +� !0��+ 6�%@� ,+	
%.� �1 0�� ��4(=. N�
�

 ����. 6* �'0�� 
%' �O
$�1 
7� . ,�%��A N%�� #�5�%:� �%?� �%�	�
�
%% F� <�%%W��!$%%��+ S %%;. �%%
��R�y���� �%%����.
%%A +� �%%��

[O�%%� 94�%%=. N�
%%� S %%;. 
%%F�� 	 0%%E� #+�%%���� !�$%%��+
_��A +� �O* 9���$;. .0�� �$
�� #�� ]C%H �%� 	 `
%$�1 #�
'

�7��O*!���' 2 (=� ��=�. #�%���(��� 	 ���%���? �7��%O* ,�%���
6* �R� #�
' <+) ��? ���
']3[.#��V���	� �-�� �$
�� �'��.

 )�A 2.�%? �$E� ,�F%=� �%Z$W. !�Z %?	
$A #���%H�	 	 0%E� #�%�
,�7
 Z
� !N�* _	� 	 �)�R �%H�	 
%F�� 	 �%� #�% O�� #�%� 0%�� .


b���%H �� #	�H �� 0E� �-�� #
@? �'��.}m�%��� �%$E� ���%.
!0�� ND	� +� 	 ��� 7 #�� ����V�?* �� ���� H 	 �� _4d�R #��

�. 2��H ������ ��?]G[.
f
$�7#�	��R #�� ���7��O* #+��1�A 	 ]CH #�
' �� #�%�

 0%%�� #�	
%%d �%%$E�]}[f	� . #+�%%�1�A #�
%%' �%%E-$U. #�%%�
�7��%%O* f	� .���� ��%%�	 6* 9�P$%%=. 	 �%%$E� #�%%� ]C%%H #�%%�

,���)* �%. �� �%$E� #�� f	� !�$%�� �%� �%' 6��%� !��� Z %? #�%�
f	� f	� 	 �h ;. 0��+ #�� �$�� �(�V R #�� 
� �1 �
1 #��'

 ���V. <��10��	�;. 	����� ����o6�%.+ `�b. #�
' f	� 6��%' 
%'
 n%%@. �(�a�%O� ' 0%%�� f	� N%�� 0��	�%%;. N�
%�]�[f	� . #�%%�

 #�
'��%1 ����� �� �(�V R ]CH f	� 2.�%? �%1 ��$%�� 
%� #�%�
,���1��� !���=D _C%� 	 +�%7 #+���	��? 9�V @W� !�=��
7 #��

_��� ����� �' ��0��]3{>z[
R 6� . �� .�������� ]C%H #�
' �1
,���)* �%' _C%� !0%�� ,�%? �$R
7 ��1 �' �$E� #�� 6�.�%��� 0%-5

 e���. ���. ���� 0%�� �$R
7 ��
k #
$= ' ]33[,��E$%�� ,+	
%.� .
f	� +� �(� _��� ���. +� ,���)* ]CH �R
� �' 6	
P. #�� #�%�

S ;. +� �$E� 0�� �'* #��]3G[.
,���)* _��� ���. $�� �� �' �$E� #�� _��%� �%-1 ��%O* #�%�
_��� !(��� 7)�
 /8 _��� 	 ���
. #�� n %�P� #V$�%� �O* #��

�. ���?]3}[._��� +� �O* #�� ���% 7 �%. !6��%� !
(%= � l�%7�' 
!,�� �� .+ <���' �$��A !9�� _!�� ��� 	 _�� 
/ R _,�? �$���

,V%%� +� �
%%' <�%%� �� ,� %%��A #]33 !3�	3z[.���%%. ���%%
. ���%%.



� ���1��  l.\� �/� " ���"�; <
 �� ����
#... 

85 ��������	
��
����� � ��

�E$��,���)* _C� �� ,� `a	
%q* 2.�%? �%$E� #�%�I]G[0% O
A !j!
�.�	 !�k�	 �k�	 0 R�
7 0% O�1Tg�%� !0% O�q+ !���%
. #�%�\	

`�%%%
R N'
%%%1K0%%%��]G!3m!3r!3s	3~[.�%%%-A N- A	
%%%A 	
�-A 6�����M`	��$. ��. N�
� ��7��%O* ]C%H �� �%O* #V$�%� #�%�

�' �$E� �Z?�. ���	�]G{ 	G3[.
_��� �' �)�Z
. �
 /8 �O* #�� _* #��%�+ ���%P. 0%E� ,�
Z�

�. _C� V � �' �1 0�� �O�H �� N�� 	 ���1 _C%� 6�V% . �%-1 ��8
6* 0E� �' !0� � ���+ �� _��� 2 O� N Z� �4%�� �
 /8 �O* #��

�. ���? 6* _* _C%� 6�V% . +� �%� 
%' N %�YZ� 	 ��%? �$%��1 �%� 
6* #�	��? R� _* �h� #	� 
' �� ,�	V��? ]3G 	GG[_��� . #��

 �� ��%A _C%� ���%���� ���
. �%���� ��$��%� 0%-5 �%' N %�YZ� 	
#���A!0R��+�' 0 -'�k 	�%Z1 ��W. ,��E$�� �%���� ̀ �%� �� . #�%�

_��� �' 
 �� �-A ����. �O* #V$�� #�� �-A 	 N- A	
A ���� 6�����
 #
$= '?�-A <�R .0�� ,� �' 6����� ��$��� N$?�� 0-5 2%U-U$.!


%'�
' �%�� _C%� ���%���� ��%�+ l�Z� �h� 6��� ��
k �� $�� �� �'
��� �� ��� 6+	�]G}[o_* 0 %��� �%' ���� �' �O	 �%��� �$%�	�

 �%-A 6�%%����!#��$��%%� 	 �;h%� 9�H4%%�� �%%' +�% � ��%%�	 .����

.���. +� 6��1�� _* #�� ����. #V�
7¡LMA �;h%� �4�� #�
'

�-A <�R ,��E$�� 6����� 0�� ,�?]G{[.
�-A <�R #��$��� �4�� #�
' �1 #���. +� �(� 6�%���� ���%.

 ,��E$�� �%. ��
k �
% 7 �� `�%
R N'
%1 ��%�H .0%�� `�%
R N'
%1 !
�-A <�R ��$��� �%. 6����� �%���� 
%' ,	4%5 <�(;$%�� [��V%R� !6*

�' _* 0-5 ,�%? �4%�� _��%� _* _C%� [��%1 w%5�' #V%�
7
 (0�+��.�1 _���).��? 

�� N[�	|A ]�� �' ��$��� �� `�
R N'
1 ���H 
 Xi� ���
'
�-A <�R 6�����!,���)* _C� 6�.���� 	 ���� 
' _* +� �%$E� #��

 0%�+��.�1 _��� ��$��� �� `�
R N'
1 �� @' ���P. N  
� 	<�%W��
�? #� H� N �YZ� ._��� ��� Z ? 0%�+��.�1 	 �O�%� <�%R #�%� 

'�� ��W. ,��E$�� ���
' ��c�. <�W� �%? 	<
%�	V�� 
% ZF�) #�%�x!
Q O��	
RIJ Q O�� 	>6��
$AII _��%� N%�� #�
' �%
O�h. ���%. �%�

.0R
7 ��
k 

1 Aerogel 
2 Perlite 
3 Vermiculite 
4 Zeolite 
5 Activated Carbon 
6 Polypropylane 
7 Polyurethane 
8 Lauryl Methacrylate (LMA) 
9 Langmuir Isotherm 
10 Freundlich Isotherm 

 02,� , 3
�� �(
 0�03
�� 

�-A �-A `±�#
$��Ij #��W� <�� �'K-FLEX 4405 01
%? `�:;.
#� !N%%�+� �Z %%? 6���%%/1 9��� %%�	V�� �	�>#� 6�%%$. 2%% �R #� 

#��W� <�� �' #
Z -A 9��� �	V��Isocyanate300 ,�%? #���%�
�
 6�%%$�A `�%%.
� !N%%�+� �Z %%? 6���%%/1 01
%%? +�IT `�%%
R N'
%%1 	

3}{>3{{ _* !6�%ZO* g
%. 01
%? +� ,�%? #���%�
� 
$.	
( .
 	 Nq�%O�� !6�@E%�� ,�F%=�)�A #�	�	 &/%� <�%� 0E� !6�� 6	�'

 O	
$A 	 6�@E�� �Z ?	
$A `�:;. v�-U. N-��+<�
%��I\ ,�	�%;.
 f�%� �hP�}{�%�m{l� %�-� �%��� 01
%? +� ,�%? #���%�
�
�Z ? l��A .0R
7 ��
k ���
' ���. [�	|A N�� �� 

 0 0�
� 5�- VKC% ��?��4 
N�� �� [�	|A�' 6�� 6	�' _* +� <�R 2.�5 6���5 ��� Z %? #�+ 	

�' 6�$�A `�.
� <�R 2.�5 6���5 $�%� #�
%' .�? ,��E$�� �(�V R #�+ V
�-A <�R �-A ��$'� !6����� 6�V% . �%' 6�%� 6	�%' _* �%' `�3�%���

 �.
� 6�V% . �%' 6�$�A `�.
� 	3{�%.
� �%��� �%' 6V%Z� �- %�	
 v�-U. �( ��(. 	 �?' ��FZ� `�-;.��.* 0��.<�%R 2%.��5 #�+

�' �(�V R #���%@F� N ��%A #�%.� �� �%��' 6��%' ��
%R 2% O� .���%?
�' N �YZ� ��c�. �	� �%' �%��/� v4$%�� !���%. ]4%�� +� #
 7�-�

 .��%? ��%�+ ���/� V � v4$�� 6�.+ 	 ��? �	
? 6VZ� ���+ +� �%A
 �%-A +� NFZ� v�-U. &� `�:H <�%R 2%.��5 	 `� 9��� %�	V�� !�+

}{{IK �'6�V .}s�.
� ���� �%' 	 �%? �R�%d� 2��H v�-U. �'
 9�.3{�' � ��X �	� �%' �( ��%(. 6V%Z� �- �	rpm3{{{ ,�+ n%�

�= ? 6VZ� ��� !�? 9�%. �%' ]
%� 	 t��%� v�%-U. +� #�G{
�P k� ��
k ��� 
�+0R
7 �%-A <�%R 	 ,�%? 2.�1 [�1�	 �� 6�%����
 � O��.��? 

 0$0D4+�t��; Ld�� &��? 
�%-A <�%R ��$��%� �� `�%%
R N'
%1 +� 0%�+��.�1 _��%� �� 6�%%����

 $��%� �$�	� _* 6�V . +� �� 0�� ,�? ,��E$�� �%-A <�%R �� 6�%����
�$��1 ��? 0E� �� 6* ��$��� 	<�%R _��%� V$�� f	� .��1 0�	�

�-A �%' �'�=. �/�
P� #
Z -A 0�+��.�1 �� `�
R N'
1 �' ,�
Z� 6�����
�-A <�R V$�� f	� 6�����!0�� f	� �%' �%����' �1 9	�E� N�� �'

 
11 Redlich-Peterson Isotherm 
12 Polyester Polyol 
13 N-pentane 
14 Petroleum ether 
15 Isocyanate300  



"�; <
� ���1��  l.\� �/� " ��� �� ����
#... 

86����� � ����������	
��


,��. 	� V$�� _��� N�� #� ��![�1�	 +� 2/k ���' `�
R N'
1 �%-A `�
�-A �' 9��� �	V�� �' v�-U. `���? .��%? 2��H ��FZ� v�-U. ��

 N'
%1 !+�% � ���%. `�%
R N'
1 ���� 6�V . �' ���� �' ��1 N�� #�
'
�-A �' `�
R �' `� �	� �' �( ��(. 6VZ� �- �	rpm3{{{ �'9�.	�

05��,�+ n� <�R 2.��5 ��� 	 �? 9��� �	V�� 	 �+}{{ �%/8 
'
 �%-A <�%R V$�%� �� ,�? 
1� ��+	 #������ 	 f	� 6* �%' 6�%����

 _��� V$�� 6�? 2.�1 	 6�? ,
Z -A [�1�	 <�Z�� 6�.+ .�? �R�d�
 0�+��.�1��05�� 
���%P. +� � P;� N�� �� .��'G!}!�!z	m

�.
� ���� $��%� �4%�� #�
' `�
R N'
1 �%-A <�%R #�� 6�%����
#�
' ��$��%� 
%' `�
R N'
1 
 Xi� �' ���� �' .�? ,��E$�� 0E� _C�

�-A <�R �O�-� ' !6�������� `�%
R N'
1 ���H 
 Xi� ���
' ��c�.
 ��$���<�R N�� 
$.���A #	� 
' �%-A <�%R +� !_C%� #�� �%' 6�%����

 %' `�%
R N'
%1 
 Xi%� �%� �? ,��E$�� �$�' �Z � �O�-� ��$��� #	� 

_��� ,|�	 �h� �?�' 
$Z1 ��]G�[.

 0.0*+
�!
 LM� D�-�) ���H 

'��� _��� _C� �
(-Z5 ���',+���� 	 0%E� _C%� 0 R
� #
 7

_��� _*!������$%�� f	� ���A 
'ASTM F726-99 .�%? <�%W��
_* n$� � _C� [��.+* ��>!0E����P. <�%� 0%E� +� �%:U=.

 
=' 2��� ��m{{ �- . 
$ OH#	�Gz{ �%- . 
%$ O 6�%� 6	�%' _*
�? �$U��.�$E� ��) 0.�UdG��3{�- . 
$. ��%$'� .��'3<
%7 +�

 9�%. �%' 
%=' 	 �%? �%$U�� 
%=' 2��� �' 	 6+	 0k� �' _���z
�P k� �	� �' 
( ? #	� 
'rpm3{{ 0%?C7 +� �%
' .�%? ,��� ��
%k

	� �P k�
( ? 2.�1 �k�� +�!���� ���%? t��� ]
� +� _��� #��
 9�. �' 		��P k� �� .���? 6�V�	*6���A ���� &%� �� _��%� #��

 �%%%= ? ]
%%%� �%%%? 6+	 #���������$%%%�� �%%%/8 
%%%' �%%%.��� �� . 
ASTM D4006 !���� �' _��� #���{{ �- . 
%$ O v�%-U. N%-��+
�? �$�? �4.�1���$;. �.�%Z� �%� %� t��%� 6* +� _��%� 9� �%?�.

' ��� ������$%�� �%/8 
%' 
 hP� 9� -Z5 <�W�� �!_C%� _* n%WH
 ,�?7"G�� 
'�
' 6�� 6	�' _* �O�F� �' ���� �' 	 �.*3�� <
%7
�- . 
$ O �� .�%? �%$R
7 
%c� �� 6* n%WH �%' 
'�
' _* <
� !6�%��A 

�%h'�� +� ,��E$%�� �%' _��%� <
7 &� #�+� �' ,�? _C� 0E� 6�V .
�? �/��;. 
�+ 

)3(
0

0ws

S
SSS

S
−−

=

���h'�� N�� �� 
Sk%� 0 -'�%� 0E� _C%_��<
7 
' <
7 e�H 
' !Ss_��� <
� 

!(_��� + 0E�+ _*) ��/?�Sw_��� S��� ,�? _C� _* <
� 

	S0� O	� &=� _��� <
� <
7 e�H 
'.0�� 
_��� 0E� _C� ����!2%1 �%' ,�%? _C� 0E� 6�V . 0/��


R �� ����. 0E���/��;. 
�+ �h'�� +� 	 0�� _C� ����.��? 

)G(100
O
OP

t

a
a *=

���h'�� N�� �� 
Pa !0E� _C� ����Oa���P. 	 ,�? _C� 0E�Ot���P. �� 0E� 

_��� l
$��<
7 e�H 
' .0�� 
_��� 0E� 0R��+�' 6�.����!�%' ,�%? _C%� 0E� 6�V . 0/��

 �/��;. 
�+ �h'�� +� �1 0�� ,�? _C� ���. 21�.��? 

)}(
t

0

M
M

R =

���h'�� N�� �� 
R!_��� 0E� 0R��+�' 6�.����M0,�? _C� 0E� 6+	 e%�H 
'

<
7 	Mt,�%? _C%� ���. 21 6+	 <
%7 e%�H 
%' �.�%Z� .0%��
[��.+* #�� N�� �� _C�[�	|A ) S %;. #�%.� ��Cº}±G{	 (

<�W�� ��
(� ��' 	� �' �?�' ���$� 	.�%? 
1� �'��H N F�� . 9���
 ��9��%%� +� [ %%' ]�
%%;��3z�%%��� 	� 
%%� N F��%% . ���%%P. +�

.���? ��
(� [��.+* 

 0R0Ld�� ���'
 �(
_��� #� H� `4%H +� ,��E$%�� �' 	 ��� Z ? #� H� f	� �' �� #�%�

<� O	
$A 	 Nq�O�� �$E� _��%� #�% H� #�
%' .�? <�W�� 
�� ��%$'� !�%�
���� �' ��' ,�? ,��E$�� �4/k �1 _��� #��3z{ �- . 
$ O �� Nq�%O��


=' &� Gz{ �- . 
$ O �$U�� �?n� �4.�1 6VZ� &� �' 	,�+ .�%? 
���� ��� <� O	
$A �' �/�
. N���� 	 ��� _��� #�� .�%? �$%�? 
��

���� 9�. �' _��� #��305��&=� �� #�%.� �%' N%1mz�%���
 l� �-��? &=���]Gz[.

 0S0U4��+` 5�?,V4
 ��( 
<
�	V�� _C� #��,��� �' �'C%� ���%� 	 �O��
� #�� � %��� �%'

,���)* [�1�	 �F��F� �' �� �%� @' �� 	 �$���
A _��� ���. #+�%�
 �%%E�� �%���� [%%P� !_��%%� ]
%:. �%%. �%��1]Gm[[��%%.+* . #�%%�

 `�%. N�
%$@' _�%U$�� 	 _C%� 0 R
� 
b1��H N  
� #�
' <
�	V��
_��� #�
' �O��
� A �O�� <�R #���-<�%W�� 0%�+��.�1 	 6�%����

[��.+* ���$� .0R
7 `�. �' �� Q O��	
R 	 
 ZF�) #
$.���A 	� #��
� O�� #
$.���A �� `�. 	>`	��) �? ���
' 6��
$A3(



� ���1��  l.\� �/� " ���"�; <
 �� ����
#... 

87 ��������	
��
����� � ��

�,��/0`�. �-�� #��
$.���A ,�? ,��E$�� _C� �O��
� #��]jM[

`�. �� !<
%�	V�� #�%�qe6+	 �%H�	 �� ,���%? _C%� ,��%. ���%P.
 `��
� 0O�H �� _��� 	 <
%7 �� <
%7 e�H 
' Ce�O��%
� 0%c-D

 _C� +� �
' ���. +�R `�-;. �� ND	� 
$ O �� <
7 e�H 
' .0%��
 <�%� �%' �%H�	 6	�%' 0%'�X &� &Z1 �' 
 ZF�) <
�	V�� 0 '�-h.

�. ,��� 6�=� �O��
� 
$.���A �� #+����� ��$1�R 6* �%O��
. �%1 ��?
0�� ,�.* 
�+ �� 

)�(
0

L bC1
1R

+
=

�� N�� �� �h'�� 
b_C%� #�
%' _��%� 6��%' e%���. ,�%��� 6�=� 	 
 ZF�) 0'�X

0�� ,���?o���7 �' 
�)�' ���P. �1 #�b_C%� 0 R
� ,���� 6�=�
 .0�� N ��A #�� 0c-D �� 
$= 'C0�� ,���%? _C%� � O	� 0c-D

 `�-;. ���. 6�=� .��� RL�. 6�=� �� <
�	V�� ��� &%� �� 	 ���
� k� 6� ' �. 
� ���P. 0E7 6���RL6�=� 0�� _C� 0 ��. ,����o

RL>1 	RL= 0!RL=1 	0<RL<1 ,�%%%��� 6�%%%=� e%%% �
� �%%%'
 	 �%%h� 0%%O�H �� 6��%%' e%%���. !#
�C%%A�� 0%%=7
' 	 #�%%.*��1��

 0�� 
 ZF�) `�. 6��' _�-h. 	 e���.]Gs[.
�� �%1 ���.+ Q O��	
R <
�	V��KF�%. [��V%R� �%'��!0% R
�

 
%c� ���%. ,���%? _C%� ,��%. _C� #�
' _��� �%. 
$%= ' ��%? .
N �YZ�n�' .0�� _C� 0 '�-h. ,���� 6�=� 
%7� �%-1 ��8n��
,�	�%%;. N %%' #� G�%%�3{!3�%%�G+� 
%%$Z1 	3�%%' �%%?�' e%% �
�

6�=� 
d �� �' _C� 	 S��$. !_�� _C� ,����0�� � o��
'
,�	�;. n� �'��. +� 3�%�3{���%P. #�
%' ��n_C%� ,�%��� 6�%=�

�. _�� ����� ]G~[.
`�. 6� . +� Q %O�� `�%. #
$.���%A �� <
�	V�� #��>6�%�
$A

 �%' �%O* 9�%/ 1
� 	 N F�%� 9�V%-R ���. +�R _C� #�
' e-D� ��%1
�. �$R
7 �7|�	 `�. N�� .��? Q O�%�	
R 	 
 ZF�) `�. 	� 
� #��

 �� 	 [%%?�A ��k�%%. �%%q��� �%%O��
. &%%� e%%O� �%%1 ����%%� �� .�%%��
 n1 �- � �;h� [?�A
E� 
'�
' 	(β=0) !�?�' �%h� �O��
. N��

�. 2��/� #
�� 6���k �' 	 ,�? �%' ��%�+ �;h%� [?�A #�
' .��?

#�+� A,B>>1	β<1. N�� !�%? �%���� Q O��	
R �O��
. � /? �O��
 

0/�� 6* �� �1
B
A	(1-β)�' �' v�/��� �� e �
�KF	n�O��
. ��

 ����� Q O��	
R �%1 �h��
%? �� .��%'β=1 �%?�'!Q %O�� �%O��
.>
0%O�H N%�� �� .0%?�� �%���� 0��/%? 
% ZF�) �O��
. �' 6��
$A

0/�� 
B
A�%�) &%� _C� 0 R
� #	��. #��5 
c� +� #�q0	B

�? ����� _C� �O��
� 0'�X #	��.]}{ 	}3[.

 0T0&89:� Ld�� ���4 �(
_��� ������? #�
' +� ��6�.+* #��FTIR <�R � O�� ���
' #�
'

�-A 6�����!�7�%�1�
A 6�V% . ,���%=. #�
%' #��%� B�(�	
( . 	
�%%-A <�%%R ��$��%%� �� `�%%
R N'
%%1 �.�%%Z� .�%%? ,��E$%%�� 6�%%����

_��� <�%W�� #�
' 0�+��.�1 	 �O�� <�R #�� 6�%.+* _C%� #�%�
 ��
'� �� e
(. 9��� �'3*3*3�$��� 
$..���? ,��
' 

$0I�� , J4�K! 
$0�0�bC% Z�O J4�K!FTIR �
� 5�- �?��4�

�-A �O�� <�R �' v�'
. V.
k 6	��. � 8 2(? �� 6�����3,�%.*
& A N O	� .0�� _��%� �' S/�
. #�� �	�%H �� �O�%� <�%R #�%�

t�. `�8cm-1}}�{ .0�� & A N�� S/�
. 9�?�
��� �' 
���$. ��
2 �1	�� � �-.�5 ,	
7 �' )-OH�. �1 0�� ( ,	
%7 +� �%?�� �����

 ��$��� �� ����. 2 �1	�� ��-A �-A [�1�	 �8 �� �1 �?�' `� `�
& A .0�� ,�=� [�1�	 ���	 9��� �	V�� �' �� ��%��. #�%� `�%8

t�. �	�%H �� #�%�cm-1G~z{ !,	
%7 9�%?�
��� �%' v�%'
. #�%�
) �-.�5CH>) 	 (CH2>,
 W�+ �� ( ��'
1 #��.0�� �� %�' &% A

t�%%. `�%%8 �� #�%%kcm-13r}{ 	 6�%%���� ,	
%%7 �%%' v�%%'
. ,	
%%7
 ��'
1) 2C=O>(0�� �%-A [�%1�	 
%X� �� �%1 9��� %�	V�� �%' `�

 �%-A <�%R ���%���� ��$��%� �� 	 ,�? 2 (=� �� .���� ��
%k 6�%����
 `	��G��.�� �.�Z� & A #�� �-A ��$��� �' v�'
. #�� 6����� 

�,��\0& A ��.�� 9�?�
��� �' v�'
. V.
k 6	��. � 8 #��
,	
7 A ��$��� �� ����. �-.�5 #���-6����� 

*,�H&O���� �
���)N�� ��O &C�
3cm-1(
C-O33z{>3{r{
C-N3}z{>3{{{
N-H}z{{>}}{{

(C=C)& ��.	�* �P-H �� ����.MDI3m{{
C-H}{{{>Gsz{

-O-H(2(O�)}�{{>}G{{
)C=O
$�� (3r}z>3rG{

& ��.	�* �-H #	� 
' ���A [� �s�{>r~{

���5�?,V4
 ��(&�3�"��K�
����(


 ZF�) qe = qmax 

2CLK1
2CLK

+

KF(L/g) 
qmax(g/g)

Q O��	
R Qe = KFCe
1/n N KF (go/ga)/(go/L)n

Q O��>6��
$A qe =
β+ 2

2

gC1
AC  

A (L/g) 
B (L/g)β
β



"�; <
� ���1��  l.\� �/� " ��� �� ����
#... 

88����� � ����������	
��


Wave Number (m-1)
<=#/0� 8FTIR �-A <�R 6����� 

�. 	 0�� ,�.* & A �.�Z� 6��� ,	
7 N�� �' v�'
. #�� �-.�5 #��
2(? �� �� 3.�
1 ,���=. 

$0 0s=� J4�K! Ld�>� +
 ���>! ��=>%,�=�� ��( ��>(
D4+�t��; 

�' ��$��%� �� `�%
R N'
%1 ��%�H 	 �7��1�
A 6�V . ���
' ��c�.
�-A <�R +� 6����� �%��
' #�
%' .�%? ,��E$%�� #��%� B�(�	
( .

 <�%R ��$��%� �� 6* #
% 7��
k ,�%;� 	 `�%
R N'
1 �7��1�
A 6�V .
�-A ���Z� ��V' +� 6�����3{{ ) 
'�
'x3{{ 2(%?) �%? ,��E$%�� (

G�%%-A <�%%R ��$��%%� �� `�%%
R N'
%%1 !2(%%? �%%' �%%��� �%%' .( 6�%%����
�' [%UA e���. 9��� %� �� `�%
R N'
%1 �%ZW� 	 0%�� ,�%? &

�Z� ,��� 0Z�k N'
%1 !`�%
R N'
%1 ���H #)�' ���� �� �.� ��?
�-A _C� �' `�
R `�-%� n%WH [��%1 e��. ��� �' `� 	 ,�%? �%�

.0�� ,��� [��1 �� l�Z� �h� 

$0$0LM>>� �>>��3 �>>� ��>>"- h��>>; Z>>
K9� �43�>>1� �>>B

Ld�� D4+�t��; ��( 

2.�%? `�%
R N'
1 �-$U. 
���P.G!}!�!z	m�%��� �%.
� ��
_��� 2 (=� ,��E$�� 0�+��.�1 #�� �? _C%� 6�.���� 	 ���� 	

0�+��.�1 S��� �-��H #�� ���. ���
' 0%R
7 ��
%k N%�� #�
%' .
0c-D �� [��.+* ��c�. 2.�%? 9	�%E$. �% O	� #��G{!�{!m{!

3G{ 	G{{ 
$ O �� <
7 6�%Z� .�%? <�%W�� <�%� 0E� +� �� �%1 ��%8 
2(?}0�� �U=.!���� [��VR� <�%R ��$��%� �� `�%
R N'
%1
�-A �� 6�����z���� _C� 6�V . [��VR� w5�' ��+	 ,�%? 0%��

 �� �O	m���� _C%� �%��� <�%R ��$��%� �� `�
R N'
1 +� ��+	
 [��1 �%' �%1 0%R�� `�-%� 6�%? �$%�' 2% O� _��%� ��$��%� #�%�

0c-D #�
' .0�� 0�+��.�1 _��� �.�Z� <�� 0E� N ��A #�� #�� 

<=#\0�(5 ���Z�7�V' �' #��� B�(�	
( . #��xIJJ!_���
 �' 0�+��.�1j����) `�
R N'
1a�' 0�+��.�1 !(T���� `�
R N'
1

)b�' 0�+��.�1 !(K����) `�
R N'
1c�' 0�+��.�1 !( ���� N'
1
) `�
Rd(

�%%? _C%%� �%%��� [��V%%R� e%%��. 0%%�+��.�1,�%%1 �%%���%%' 0%%-5
0%%E� 0%%�	� _��%%� ��$��%%� 6�%%? 
%%� �%%' 0/%%�� 0%%�+��.�1 #�%%�

_��� 6�%?��$��� �� `�%
R N'
%1 ��%�H 0-5 �' �O�� <�R #��
 _��%� �� _C� ���� .0�� 0%�+��.�1z�%��� 0%c-D �� #�%�

 � O	�G{{ !3G{ !m{!�{
$ O �� <
7 	G{�%' 0/%�� <�%� 0E� +� 
e% �
� �%' �O�%� <�R _���z/z!z/~!z/3z!G3	3z�%���

 �%���P. .0R�� [��VR� _C%� 0% R
� �%' 2%��H _��%� 0% R
�
 
F��% ' &/%� <�%� 0%E� ]C%H #�
%' �%��� _��� ����� �' v�'
.

,��E$�� #�
' ,�? � @� _��� _�� 0 R
� l�% P. �� ��V%' #�%�
 0��`	��)}.(

$0.0Ld�>>� LM>>� ����>>!
� �>>%��� ,z��>>g 5�>>- ��>>(
D4+�t��; 

_C� 6�.����!���%. 2%1 �' _C� #�
' 
c� ���. ,��. ���P. 0/��

R �8 �� _��� �' ,�? _C��&%� _C� 6�.���� .0�� _C� ���

�EO�. +� �(� _��� _��%� +� ,��E$%�� #�
%' �%���� �� %�' #�� �%�
0��  O� 	%R� 6* 2%' [��V%
R �-1 ,�+���
� .0�� #+����� ���%�

cd

b a



� ���1��  l.\� �/� " ���"�; <
 �� ����
#... 

89 ��������	
��
����� � ��

<=#60_��� _C� ���� � O	� 0c-D �� 0�+��.�1 	 �O�� <�R #��
�-A �O�� <�R) <�� 0E� 9	�E$. )6�����B�' 0�+��.�1 _��� !(j����

) `�
R N'
1B 2% �' 0�+��.�1 _��� !(T) `�
R N'
1 ����B 3% _��� !(
�' 0�+��.�1\) `�
R N'
1 ����B 4% �' 0�+��.�1 _��� !(KN'
1 ����
) `�
RB5% �' 0�+��.�1 _��� !( ) `�
R N'
1 ����B 6%((

�,��60+� ��
' �' v�'
. &/� <�� 0E� _C� 0 R
� ����P.
_��� `	��$. #�� S/�
. 	N�� �'[�	|A 

Ld�� 
Ld�� D�-�)

)g/g(
]���

�-A 9�;E�
$��~]}G[

�-A 9�;E�N- A	
As]Tj[

6�7��
A 
A}]Tj[

_�� 
/ R}]Tj[

l� g��}]Tj[

0 O
As]Tj[

�O�� <�Rz/~N��[�	|A

0�+��.�1z����s/33N��[�	|A

�?�' 
�)�' _��� &� _C� 6�.����!	 �h%� <�%Z� �1 N�� 2 O� �'
 �%. ,��E$%�� _C%� 
%c� ���%. ,��%. _C%� #�
' �� ��� nWH !�%�1

�. 
�)�' V � 6* _C� 0 R
� �% k� �%��
' #�
%' .�	� 2%'�k 	 
%�
_��� _C� 6�.���� !���$� ����P. �� ,�%? �4%�� 	 �O�%� #��

0c-D ) <�� 0E� �-$U. � O	� #��C02(? �� (�.0�� ,�? �q��� 
Z�6�N'
%1 �%��� [��V%R� �%' 0%�� �U=. 2(? �� �1 ��8

_��� ��$��� �� `�
R 0%�+��.�1 #��!_��%� _C%� 6�.�%��� �%�
 �%%. [��V%R� �� `�%%
R N'
%%1 �%%��� [��V%%R� 
 Xi%%� N�
$%%= ' .�%%'��

_��� ��$��� 0�+��.�1 #��!0c-D �� <�%� 0%E� N ��%A #�� ��%'
 �
�+0c-D �� �%� l�%Z� 6�%(.� <�� 0E� #)�' #��_�_* �%' �%�

_��� _C� ���� ����P. �' .0�� 
$Z1 	 0�+��.�1 	 �O�� #��
�. �@�* _C� 6�.���� ��$��%� �� `�%
R N'
%1 ���H �1 0E7 6���

�-A <�R 6�����!_* w5�' _��%� ��$��%� #V%�
7 0%�+��.�1 #�%�
?6�.�%��� #	� 
%' `�%
R N'
%1 ���H 
 Xi� ���
' #�
' .0�� ,�

0c-D 
' ���' _C� #�� �
1 V1
Z� N ��A.�%. 6�=� ���$� �%1 �%��
_��� �� <�� 0E� � O	� 0c-D �� 0�+��.�1 #��G{!
%$ O �� <
7

 �%-A <�R ��$��� �� `�
R N'
1 ���H #���%��� �� 6�%����G!}!
�!z	m�.
� �����' �$����� 6�V% . �' e �
�~!G}!}~!r}	

33s ����.��� [��VR� �� 6�.���� 

<=#n0_��� 0R��+�' 6�.���� �� 0�+��.�1 	 �O�� <�R #�� 0c-D
�-A �O�� <�R !<�� 0E� 9	�E$. � O	� )6�����B�%' 0%�+��.�1 _��� !(

j����) `�
R N'
1B 2%CA �%' 0�+��.�1 _��� !(T�%��� N'
%1
) `�%%
RB 3%CA �%%' 0%%�+��.�1 _��%%� !(\�%%��� `�%%
R N'
%%1 

)B 4%CA �%' 0�+��.�1 _��� !(K���%� ) `�%
R N'
%1B5%CA !(
�' 0�+��.�1 _��� ����) `�
R N'
1B 6%CA(

$0R05�>>?,V4
 �>>%��� &
�>>%, &>>� 5�>>g D>>k! LM>>� ��>>(
Ld�� D4+�t��; ��( 

,��� ���$� <�R S��� <�� 0E� _C� ���F=��.+* #�� `�-%� #�%�
`�
R N'
1 �' ,�? #��$��� �4�� �$�' �Z �!�-$U. 
���P. ��G!



"�; <
� ���1��  l.\� �/� " ��� �� ����
#... 

90����� � ����������	
��


}!� !z	m�%%.
� �%%���+��%%.
�	V�� `�%%. �%%� �%%' `�%%
R N'
%%1
 Q %O�� 	 Q O��	
R !
 ZF�)>0%R
7 ��
%k �%
O�h. ���%. 6�%�
$A.

0'�X `	�� �� `�. �� _C� #�.�Z� #����%q��� 0%�� ,�%? �%' .
 
���P. �' ����R2`�. �' v�'
. Q %O�� #��>!
% ZF�) 	 6�%�
$A

`�. N�� ��F=��.+* ���$� �' �'�� �'�h� ��
R 	 �$?�� ��_C%� ���
[ A 
$@' �� �. �� ' �%' v�%'
. `��
� 
$.���A ���P. �' ���� �' .���1

�. 
 ZF�) `�. 0c-D �� 
 ZF�) `�. �1 0E7 6��� 
%$@' n%1 #��
0c-D +� �. )�' #�� 
R ������[ %A �� _C� ��� �'�%h� .�%�1 �%� '

`�. 
$= ' ��
� Q O�� 	 
 ZF�) #��>� n%� �%' 6�%�
$A _��%� �
0�+��.�1m���� ̀ �-%� 
$%= ' 6�%? �$�' 2 O� �' ��$��%� #�%�


R ����. �/��� �-.��5 
 Xi� [��1 	 _����_C%� 
' �F� q�. ���
 `�. �' ���$� #��7+�� �' ���� �' .0�� �;h� _C� +� 
 D �' 0E�

�. 
 ZF�) �%' _C%� �1 0E7 6��� �%�) &%� 9��%� N%FZ� 	 #� 
.0�� �$R
7 9��� 

$0S0
Ld�� ���' 

R �� �
%(. ,��E$%�� #�
%' _��� &� 6��� ���
'�#+�%���� �%��

n%%@. +� �%%(� �%%EO�. N�
%%� 
R &%%� #�
%%' _��%%� _�%%U$�� #�%%���%%��
 �$
�� #+�����0�� �� 6* �%��' _��%� +� �
%(. ,��E$%�� #�
%' .

� H� +� [�	|A N�� �� �1 �
1 � H� �%? ,��E$%�� ��� Z %? f	� �%'.
!f	� N�� �� �' _��� <�% O	
$A 	 Nq�%O�� �%$E� `4H ���. �%' 
%��

 #�
' 	 �? &=� �4.�1 6	* �� ��� 	 �$�? 2.�1 ��8 [��%.+* 
��
k ,��E$�� ���. ��W. _C�.0R
7 �. 6�=� ���$� �%��� �1 ���

_��� _C� 6* 2% O� �%1 ,�%? 
$%= ' ��%W. _C%� �� �O�� <�R
�. �' �$E� `4H [?�A ����� 0%E� ,��. &� 6���5 0%�	� #	� 
%'

0E� 	 _��� �h� 0�	� 2(? .�?�' _��� 6�
1 
�z#�% H� 
%X�
_��� S��� _C� ���� 
' _��� �� 0�+��.�1 	 �O�� <�R #��

0c-D �� �. 6�=� <�� 0E� 9	�E$. � O	� #�� .���B<�%R _��%�
 	 `�-� �O��B" �' � H� 	 ,��E$�� +� �
' �O�� <�R _��� f	� 

<=#o0_��� #� H� 
X� �� 0�+��.�1 	 �O�� <�R #�� �-A �O�� <�R !<�� 0E� 9	�E$. � O	� 0c-D )6�����B�' 0�+��.�1 _��� !(j���� N'
1
) `�
RB 2%CA �' 0�+��.�1 _��� !(T����) `�
R N'
1B 3%CA �' 0�+��.�1 _��� !(\����) `�
R N'
1B 4%CA _��� !(�' 0�+��.�1

K����) `�
R N'
1B5%CA_��� 	 !(_C� ���� 
' (")0.45 �' ,�? � H� #�� 



� ���1��  l.\� �/� " ���"�; <
 �� ����
#... 

91 ��������	
��
����� � ��

�,��n00'�X <
�	V�� #�� Q O�� 	 Q O��	
R !
 ZF�) _C� #��>_��� S��� <�� 0E� _C� #�
' 6��
$A 0�+��.�1 	 �O�� <�R #��
 ��j!T!\!K	 �.
� ����`�
R N'
1 +� 

, 5�?,V4
 ��!
	4
�^ 

Ld���(

z��g 5�- 
D4+�t��;

 ���3
D4+�t��;

$���3
D4+�t��;

.���3
D4+�t��;

R���3
D4+�t��;

S���3


 ZF�)
qmax(g/g) 
KL(L/g) 

RL
R2

mmz/s
{G}/3

)�mm/{>{{z/{(
~~~{/{

r{}/s
mG~/G

){G/{>{{G/{(
~~~3/{

}z3/33
�Gs/{

)3{z/{>{3G/{(
~~~z/{

~3r/3{
rr�/3�

){{}/{>{(
~~r~/{

~rr/3{
m}/3

){}G/{>{{}/{(
~~sG/{

GzG/r
~r/{

){z/{>
{{z/{(

~~~r/{
Q O��	
R

KF(g/g)/(g/L)n

n
R2

mr/3
�{G/m
z3Gs/{

r{z/�
�{G/r
�r�m/{

zmm/z
sms/m
�~{�/{

{}/m
m~s/r
�{~/{

zsG/m
mss/s
}~GG/{

3s3/�
zs�/s
m3Gs/{

Q O��>6��
$A
A(L/g) 
B(L/g)β

β
R2

mGz/3
3{s/{
3/3

~~~r/{

s~}/3
3Gz/{
3/3

~~~s/{

m~}/G
3s{/{
{z/3

~~~m/{

r3r/G
3G~/{
3G/3

~~~r/{

~z�/}
3~s/{
33/3

~~~s/{

}zm/G
Gm{/{
{�/3

~~~~/{

<=#p>_��� #� H� 
X� ���
' )�O�� <�R #��a!`�
R N'
1 �-$U. 
���P. �' 0�+��.�1 	 (
j����)b!(T����)c!(\����)d	 (K����)e(_C� 6�.���� 
' 

�R0H���� 
�

���� 
� �(7 

�R0H���� 
�

���� 
� �(7 

�R0H���� 
�

���� 
� �(7 

�R0H���� 
�

���� 
� �(7 

�R0H���� 
�

���� 
� �(7 



"�; <
� ���1��  l.\� �/� " ��� �� ����
#... 

92����� � ����������	
��


`4H �' �=$�? _C%� �%��� [��V%R� N�
$%= ' .0%�� �$E� #��
 ,�? � H� �O�� <�R _���G/Gz���� �% O	� 0%c-D �� m{<
%7

 
$ O ��.0�� 
[��.+* ���$� ���. 6�=� _��� #� H� �1 ��� 0%�+��.�1 #��

�' � [��VR� w5�' `4H �' t�
U$�� f	� _��%� _C%� �%�� #�%�
 <�%R ��$��%� �� ��%��. `�
R N'
1 #������ �.�Z� �� 0�+��.�1

 �%-A 0%c-D �.�%%Z� �� 	 6�%%���� 0%%�� ,�%%? <�%%� 0%E� �%% O	� #�%%�
2(?)z_��� #� H� 
 Xi� N�
$= ' .( 0�+��.�1 �� 0�+��.�1 #�� 

G���� _��%� �%' v�%'
. _C%� �%��� 6�V% . N�
$%= ' 	 0��
 0�+��.�1z����c-D �� �% O	� 0�{
%$ O �� <
%7 6�V% . �%'~r

����[��.+* ���$� .0�� #�� �. 6�=� _C� <�%R _��%� �1 ���
 ) �% H� +� �
' �O��B" 0%c-D �� ( <�%� 0%E� 9	�%E$. �% O	� #�%�

) � O	� �O�� <�R _��� �' 0/�� #
$= ' 6�.����B6�=� ��� +� (
�. 2(?) ����m�. [��VR� N�� 0-5 .( �V% . [��V%R� ����� 0%E� 6

	 ,�? _C�N �YZ� [%?�A 0%-5 �' ,�? _C� _* 6�V . [��1
_��� �h� 
R �%8 �� �%$E� `4%H �' ����% H� �%�� 6�.�%��� .�%?�'
_��� _C� 2(%?) 0%�� ,�? 
$= ' V � � H� +� �
' 0�+��.�1 #��

m(.�. [��VR� N�� 0%E� _C%� 6�V . [��VR� 2.�5 	� �W $� ����� 
.�?�' _* _C� 6�V . [��1 	_��� ��� Z ? #� H� 
X� <�%R #��

 0%c-D �� _C%� 6�.�%��� 
' 0�+��.�1 	 �O�� n%1 #�%�!
$%= '
_��� �.�Z� #�
' 6�.���� N�
$= ' .0�� 0c-D �� �� #)�%' #�%�

 _��%� l�%Z� [��%1 0-5 �' ��d�. N�� �1 0�� 0E� _* �%' �%�

0��_��� l�Z� [��1 0-5 . �%�) 0.�U%d [��V%R� _* �%' �%�
� #	� �$E��' ��� N�� �1 0�� _* �h 	 ]
%� 6��' 6��(� 2 O�

[��.+* �.�Z� �� _* ���P. #�� _C�0��.

.0&b�K! ���H 
�. 6�=� ���$� _��%� �� _C%� ���� �1 ��� 0%�+��.�1 #�%�!�%'

 �%-A <�R ��$��� �� `�
R N'
1 ���� [��VR� �%� 6�%����z�%���
 �.
� 0%c-D �.�%Z� �� [��V%R� !<�%� 0%E� �% O	� #�%� 0%R��.�%'

 +� [ %%' [��V%%R�z�%%.
� �%%��� <�%%R ��$��%%� �� `�%%
R N'
%%1
�-A 6�����![��%1 _C%� ���� �%. [��%1 N%�� �%1 0%R�� �%����

�' _��� ��$��� �� 9�
EH �.�Z� �/�
P� 6�? �$�' 2 O� �%' .�%?�'
 �%-A <�%R ��$��%� �� `�%
R N'
%1 ���� [��VR� 6�.�%��� !6�%����

 � �U%=. � O	� 0c-D &� �� _C� �%. 
�)�%' !<�%� 0%E �%' .�	�
' ���$� �' ������. ,�.* 0�� ��%�H �%� @' �%��� �%1 0%E7 6��%�

�-A <�R ��$��� �� `�
R N'
1 ,���)* _C� #�
' 6����� �%$E� #��
z0�� �.
� ���� _��� _C� ���� N�
$= ' 	0�+��.�1 #��
�� �% O	� 0c-D�{
%$ O �� <
%7 <�%� 0%E� +� 0%�� 6�%=� ���%$� .
�. `4%H �%' �O�%� <�R _��� ��� Z ? #� H� �1 ��� !�%$E� #�%�

 �%. [��V%R� �� _��%� N%�� _C%� 6�.�%��� 	 _C%� ���� 	 �%��
 _��%� #�% H� N �YZ� 	 6�.�%��� [��V%R� e/%� 0%�+��.�1 #�%�

 _C� �����.��?.

R0]�
�� 
1. Zhou, Y-B., Tang, X-Y., Hu, X-M., Fritschi, S., and Lu, J. (2008) “Emulsified oily wastewater treatment 

using a hybrid-modified resin and activated carbon system.” Separation and Purification Technology, 63, 
400-406. 

2. Wang, D., Silbaugh, T., Pfeffer, R., and Lin, Y.S. (2010) “Removal of emulsified oil from water by inverse 
fluidization of hydrophobic aerogels.” Powder Technology, 203, 298-309. 

3. Clark, R.B. (1997). Marin pollution, Avaye Ghalam Pub., Tehran. (In Persian) 
4. Ijah, U.J.J. (1998) “Studies on relative capabilities of bacterial and yeast isolates from tropical soil in 

degrading crude oil.” Waste Management, 18, 293-299. 
5. Li, Y.S., Yan, L., Xiang, C.B., and Hong, L.J. (2006). “Treatment of oily wastewater by organic–inorganic 

composite tubular ultrafiltration (UF) membranes.” Desalination, 196, 76-83. 
6. Al-Jeshi, S., and Neville, A. (2008). “An experimental evaluation of reverse osmosis membrane performance 

in oily water.” Desalination, 228, 287-294. 
7. López-Vazquez, C., and Fall, C. (2004). Improvement of a gravity oil separator using a designed experiment.” 

Water, Air, and Soil Pollution, 157 (1-4), 33-52. 
8. Li, X-B., Liu J-T., Wang, Y-T. Wang C-Y., and Zhou, X-H. (2007). “Separation of oil from wastewater by 

column flotation.” J. of China University of Mining and Technology, 17, 546-577. 
9. Zouboulis, A.I., and Avranas, A. (2000). “Treatment of oil-in-water emulsions by coagulation and dissolved-

air flotation.” Colloids and Surfaces A: Physicochemical and Engineering Aspects, 172, 153-161. 
10. Carmody, O., Frost, R., Xi, Y., and Kokot, S. (2008). “Selected adsorbent materials for oil-spill cleanup.” J.

of Thermal Analysis and Calorimetry, 91, 809-816. 



� ���1��  l.\� �/� " ���"�; <
 �� ����
#... 

93 ��������	
��
����� � ��

11. Brandão, P.C., Souza, T.C, Ferreira, C.A., Hori C.E., and Romanielo, L.L. (2010). “Removal of petroleum 
hydrocarbons from aqueous solution using sugarcane bagasse as adsorbent.” J. of Hazardous Materials, 175, 
1106-1112. 

12. Sun, X-F., SunSun, and Sun J-X. (2002) “Acetylation of rice straw with or without catalysts and its 
characterization as a natural sorbent in oil spill cleanup.” J. of Agricultural and Food Chemistry, 50, 6428-
6433. 

13. Adebajo, M.O., Frost, R.L., Kloprogge, J.T., Carmody, O., and Kokot, S. (2003). “Porous materials for oil 
spill cleanup: A review of synthesis and absorbing properties.” J. of Porous Materials, 10, 159-170. 

14. Annunciado, T.R., Sydenstricker, T.H.D., and Amico, S.C. (2005). “Experimental investigation of various 
vegetable fibers as sorbent materials for oil spills.” Marine Pollution Bulletin, 50, 1340-1346. 

15. Choi, H.M., and Cloud, R.M. (1992). “Natural sorbents in oil spill cleanup.” Environmental Science and 
Technology, 26, 772-776. 

16. Bastani, D., Safekordi, A.A., Alihosseini, A., and Taghikhani, V. (2006). “Study of oil sorption by expanded 
perlite at 298.15&#xa0;K.” Separation and Purification Technology, 52, 295-300. 

17. Moazed, H., and Viraraghavan, T. (2005). “Use of organo-clay/anthracite mixture in the separation of oil 
from oily waters.” Energy Sources, 27, 101-112. 

18. Meininghaus, C.K.W., and Prins, R. (2000). “Sorption of volatile organic compounds on hydrophobic 
zeolites.” Microporous and Mesoporous Materials, 35-36, 349-365. 

19. Okiel, K., El-Sayed, M., and El-Kady, M.Y. (2011). “Treatment of oil–water emulsions by adsorption onto 
activated carbon, bentonite and deposited carbon.” Egyptian Journal of Petroleum, 20, 9-15. 

20. Li, H., Liu, L., and Yang F. (2012). “Hydrophobic modification of polyurethane foam for oil spill cleanup.” 
Marine Pollution Bulletin, 64, 1648-1653. 

21. Wu, D., Fang, L., Qin, Y., Wu, W., Mao, C, h., and Zhu, H. (2014). “Oil sorbents with high sorption 
capacity, oil/water selectivity and reusability for oil spill cleanup.” Marine Pollution Bulletin, 84, 263-267. 

22. Kenes, K., Yerdos, O., Zulkhair, M., and Yerlan, D. (2012). “Study on the effectiveness of thermally treated 
rice husks for petroleum adsorption.” J. of Non-Crystalline Solids, 358, 2964-2969. 

23. Fakhru’l-Razi, A., Pendashteh, A., Abdullah, L.C., Biak, D.R.A., Madaeni, S.S., and Zainal Abidin, Z. 
(2009). “Review of technologies for oil and gas produced water treatment.” J. of Hazardous Materials, 170, 
530-551. 

24. Barikani, M. (2005). Rigid polyurethane foams, Polymer Society of Iran Publication, Tehran. 
25. Nikkhah, A.A., Zilouei, H., Asadinezhad, A., and Keshavarz A. (2015). “Removal of oil from water using 

polyurethane foam modified with nanoclay.” Chemical Engineering Journal, 262, 278-285. 
26. Crini, G., and Badot, P-M. (2008). “Application of chitosan, a natural aminopolysaccharide, for dye removal 

from aqueous solutions by adsorption processes using batch studies: A review of recent literature.” Progress 
in Polymer Science, 33, 399-447. 

27. Foo, K.Y., and Hameed, B.H. (2010). “Insights into the modeling of adsorption isotherm systems.” Chemical 
Engineering Journal, 156, 2-10. 

28. Kumar, K.V., Valenzuela-Calahorro, C., Juarez, J.M., Molina-Sabio, M., Silvestre-Albero, J., and 
Rodriguez-Reinoso, F. (2010). “Hybrid isotherms for adsorption and capillary condensation of N2 at 
77&#xa0;K on porous and non-porous materials.” Chemical Engineering Journal, 162, 424-429. 

29. Dávila-Jiménez, M.M., Elizalde-González, M.P., and Peláez-Cid, A.A. (2005). “Adsorption interaction 
between natural adsorbents and textile dyes in aqueous solution.” Colloids and Surfaces A: Physicochemical 
and Engineering Aspects, 254, 107-114. 

30. Moussavi, A., Asadi, H., and Esfandbod, M. (2010). “Ion exchange efficiency of nitrate removal from water 
1- equilibrium sorption isotherms for nitrate on resin purolite A-400.” J. of Water and Soil Science, 20/1, 
185-200. 

31. Wu, F-C., Liu, B-L., Wu, K-T., and Tseng, R-L. (2010). “A new linear form analysis of Redlich–Peterson 
isotherm equation for the adsorptions of dyes.” Chemical Engineering Journal, 162, 21-27. 

32. Srinivasan, A., and Viraraghavan, T. (2010). “Oil removal from water using biomaterials.” Bioresource 
Technology, 101, 6594-6600. 


