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 "$� 4! � d8�0 ����� 	#��� e�'0 .�- �� 	0���4 %I "@�]

�- f�
 e!�E � F�B �#R2  � ��I "$! ��'- ��: !	$

 a�50! "�	$ �� �3580 ���#$� d�R 	g! 2� h	-  �#R!)2 .(  

��8�^I %!�8� �� %�8�  "i�5E � !_I +$�0 ��(�! 9�B

 ��� �#c�8� "3�4 +�,- "$! .%�j	$ k�l ��8\'B  9�B!4

 ��	7A %�j	$ "���c 9!2!� �1  ��8#3B �W� ��!4

�/�j "$! ��� 9�8� . 2!�/- ��#�!��� .!	g! ��! "�� ��4�:- 

�%�8� 	m1!�E nW$ �7��(I %�8� +$�0 EPA 

)Environmental Protection Agency (2� bI � ��-��I 

5/0 -��	7�	� ( 2��	# �?�! ��� "$! )4 �3 .(.���1	0 �(I 

 S�0�-�2I .���1	0 �&8R ����!4 ��p�(�0 �%�8� �8 �- 2!	R

 � � _�(�B ...C�- 4!  2� �1 �8#3B �#5  .^�q,- ��	0

<?E ���0 9!	� 9���4 2�j �� ����'�� [��8�  �2�- �(I 9�B

�- 2!	� ���5#$!  � 	�7)5 .( �1 ���B�8�!	R ��E 2� ��8\'B

��j 4�7 � ��c "5  f�^�
 � r!	`#$! 9!	� ���5#$! �2�- �

�- 2!	� �- ��:�! bI 9���4 2��3� 	���/- ��	�7  9��E �1 ���

��	1�2��B 4! ��^�� 2��3� C:E "$! �#5  9�B . bI ��!

bI ��� 2� C:E ��	#��� 9!2!� ��� ��(�0  2� ��� ��(�0 9�B

"$! 4�7 � "5  ��(�0 �8�!	R . ��:�! �� � s�!�E ���8B 2�

�����^�
 2� &��- ��  �B ��	1�2��B 4! 9���4 	���/-  9�B

�- ��:�! bI �� t��`- .2�� �� ��  �#5   �#E!2 �� �1 � ��

bI �u�c �7��(I v��� bI �� � �,W$ 9�B  �8�-4	�4 9�B

�-  � ��)6 .( [��8- 4! .���1	0 ��! XwE ��!	��8���I �� 

x�qc bI 9�B �,W$ � �8�-4	�4 �-!�(! "$! .

�(�(� �  9�B �8�	1 )Carbon nano tubes  ��CNTs(  �	1�-

<��(�-  � ���-	7 92!���
 9!2!� �1 �8#3B ���c 9�B

�- ��^�� 2��3� ����'�� �8��� . XwE 9!	� �!�- � �  ��! 4!

9� �8 �- �(I ��881 ���(I .���1	0 4! 92��3� ��31!  � �B

 �8 �- �0���1	0 XwE ��8\'B � 94�7 4�R 4! 2!	R �(I .���1	0

1  �2- 9� 9	0 �%�8� �	�1 �(�B %�#- Y 2 ��B  �<�R 9�B

<��,- 4! ���j �(I �!�- � S���R ��$! ����!4  ��I 9�B

 "$! ��� ���5#$!)7 .(  

 9�B�8�!	R +$�0 �8�-4	�4 bI [��8- 4! %�8� XwE  

��	#37 2�j �� %�7� �7  �1 "$! �#R	7 2!	� �$2	� �2�- 9!

�`�0 ����_�(��� 9��E! &-�� ��'� 2�j �� � %��$!��31! �	

 "$! ���� bwl)8 .(�(�(� �  9^�� bwl "�R	i  �8�	1 9�B

��8�^I XwE 2�  ��! �8 �- w58- 2�#c�$ "�� �� �(I 9�B

�(�(� �  ��	7 4! 9���4 	���/- ��l� � �B  9�	��'� 9�B

%I 2� �,W$ "$! �B . +$�0 %�8� bwl C3� ��-

�(�(� �  1!� 4! ���  ��'� 2�j �� �8�	1 9�B �8���8�� f8

 S�0�-�2I �/�E ��� %�	#�(! �7�8B� � %�	#�(! �7� 	�7

��	7 � %�8�  9�2 	� ��l�- �,W$ S���31��	1 9�B

�(�(� �  �- �8�	1 9�B  ����)7 .( ��� ��: ! y�/,0 e�$! 	�

 +$�0Lu � %!2��'B ��� bwl "���c �3��/- �� �

�(�(� �  �(�(� �  � ���$ �8�	1 9�B ?�! �8�	1 9�B �� ��� z

 ���$�HCl �H2SO4 �HNO3  �NaOCl  �:�#  ��! ��

�(�(� �  4! ���5#$! �1 � ��$2  �� ��� z?�! �8�	1 9�B

 C��$ "�	�1�{�B)NaOCl] (Multi walled carbon 

nano tubes surface is modified with NaOCl  ��

)NaOCl(MWCNT [ f��-4I �2!�- ��� 2� �8��7 ��	#��

� XwE 9!	� ����- %�8  ����)6.(  

�(�(� �  %�	1 z?�! �1 �!� %��  f��-4I ��!  9�B

 �:�#  2� �1 ��� nW$ f�!�R! v��� ��$! S'1 �� �8�	1

�- %�8� 9!	� bwl f�!�R! v���  F�2 ��! S'1 �� � ���

�-  4! ���5#$! �(�/- ��! 2� � �	1 &��E 9	#�� d��#  %!�0

�(�(� �  1�{�B �� ��� z?�! �8�	1 9�B C��$ "�	�

)NaOCl(CNT  �!� %��  !2 %�-� !2 ��	#��)6 .( y�/,0

 +$�0 ��� ��: !Su  x!�c ��!� %��  %!2��'B �

 ����'�������RMWCNT  "�B�- �x��c �8 �-92�#c�$ � 

�,W$ �� 4! 9�B�8�!	R %��$!��31!  ��l�0 &��� 2�j ��

 +$�0 %�8� bwl "�R	i � "R�� �B!�c �����MWCNT  !2

�- �����  ��`�)9 .(��! �� �l�0 �� <�R &-�� 	�1 �1  � 94�$

z?�! �(�(� �  94�$  ���� .�(�W- 2� �2!��� �8T �8�	1 9�B

 �(�W- 2� bwl f�!�R! v��� � "$! ����Lu � %!2��'B 

�- 2�@# ! ����	7  	�1 ��2� 9!2!� �1 C�3�1 "�	�1�{�B ��2

?�! 2� 9	#�� �	��'� "$! 9	0^���(�(� �  z  �8�	1 9�B

���� �#�!� . � C��$ "�	�1�{�B 	g! �(�W- ��! 2� ��!	��8�
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�(�(� �  z?�! 2� C�3�1 "�	�1�{�B  �$2	� �8�	1 9�B

���	7 .�(�(� �  +$�0 %�8� XwE %�-� !2 2�1w- �(�W-  9�B

�(�(� �  � �2!��� �8T �8�	1  z?�! �2!��� �8T �8�	1 9�B

�1 "�	�1�{�B �� ��� C�32)CaOCl(MWCNT  �

�!� 2!	� �$2	� �2�- !2 C��$ "�	�1�{�B.  �(�W- ��! C�$

�(�(� �  �	�2�1 ����� ��� ��: ! .�(�W- ��� 2�  �8�	1 9�B

�(�/- ~�B 2� �1 "$! C�31 "�	�1�{�B �� ��� z?�!  9!

���	�  "R��.  
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�W/- .2�� �� �1 ��� �5���0 y�/,0 S� 	H�E �(�W- 

���	7 ��: ! . ��I <��,- "c�$ 9!	� 4��  �2�- ����'�� �!�-

�(�(� �  z?�! �  "1	� 4! �2!��� �8T �8�	1 9�BMerck  ��

 ^�� x��c)7/99 ��2� (���	7 92!��	c . ���0 2�@8- ��

�(�(� �   � C��$ "�	�1�{�B 4! ���� z?�! �8�	1 9�B

�� ���5#$! C�3�1 "�	�1�{�B .1�{�B ���0 9!	� C��$ "�	�

 "@�] 4! ��� ��: ! ���� .�(�W- �� �l�0 ��30  ��2�

���	7 ���5#$! . C��$ "�	�1�{�B30 �(�(� �  �� ��2�  9�B

 .�- �� �2!��� �8T �8�	12  9�-� 2� "��$100  �l2�

�# �$ �� �	$ a�0! 9�-� 2� �{$ � �� ���l �!	7.  9!	�

 C�3�1 "�	�1�{�B ���030 �2 ��'B 4! ��  ��2� ���5#$! F

%I &�(� �� �(� ����	7  �-�l .2�� �� C�3�1 "�	�1�{�B �1

 bI 2� �0 �� ��!� 2!	� %�'B 9�2 	� ��� ��� bI �� !�#�! �"$!

 C�3�1 "�	�1�{�B <��,- �� &���0 � ��� &E30  ��2�

�(�(� �  ���0 9!	� �1 ��E!	- ��/� �{$ � ���  �8�	1 9�B

	�1�{�B �� ��� z?�! �2!��� �8T 2!	�0 ��� ��: ! C��$ "�

���	7 .��! �� �l�0 �� �(�(� �  �1  �� ��� z?�! �8�	1 9�B

 �
 !2 %I ���� "$! "��j2 [�	$ b��l C�3�1 "�	�1�{�B

 2� %� ���l 4!2�0���$� ��� S�c �0 �	1 92!���  . � �' 

 ��� ��� bI � %�8� 4! ���5#$! �� ������-4I 2� 4��  �2�- %�8�

##8$ .2�� ���� ���0 S� . 2!�/- ���I <��,- "c�$ 9!	�

100 ���- �� �R�H! ��� ��� bI 	#�( S� �� %�8� �	7 . 9!	�

 !�#�! �bI 2� .���1	0 ��! %�	1 &E60  2�1w- <��,- �/���

 .�- �� �{$ � "R	7 2!	� S� �$!	#(�! ��'E 2�24  "��$

 9�-� 2�25 �# �$ �l2�  "�	$ � �!	7250  �� �/��� 2� 2��

 CB�� ��4 . 4! �� �2����24  �"��$30  S� �$!	#(�! �/���

���	7 ��: ! . r2�c %��� 4�R �� "(�E 4! <��,- "(�E ��! 2�

 �_�_ �(�� &c!� 2� �1 �-I "$� �� ��'B <��,- S� � ��

bI &-�1 2�j �� ���	7 92!���  � ��� �8�.  

.��� /�� ,  

f��-4I ��: ! 9!	� ���� 9	W� S� 4! �B  9!250 ���-  9	#�(

 2!�/- �� �1 ���	7 ���5#$!5/0  %I 2� b��l 	#�( 2� �	7

 � �� �#`�2100 ���-  %I �� ��� �#c�$ %�8� <��,- 4! 	#�(

���	7 �R�H! .�4!� ! � ���� .�(�W- �� �l�0 �� 9	�7  9�B

 � ��I [��8- 2� %�8� .���1	0 "@�] ��'� 2�j �� ��W�,-

b?H�R  ��� ���(I 9�B10  �0100 ���- "$! 	#�( 2� �	7 .

 "@�] ��!	��8�100 ���- ���	7 b�`# ! 	#�( 2� �	7 . 9	W�

���� bI &-�1 2�j �� 9!  %�'B 9�2 	� � �� 9�8�)625 

Orbital shaker, Model OS ( .�- �� � "R	7 2!	�1 

 � "��$2  9�-� 2� �"��$25 �# �$ �l2�  .�� �� � �!	7

250 �� ��4 CB �� �/��� 2� 2�� .f��-4I �'B  �B3  2!	�0 2��

���	7 .� �'  2�81 2�  �� �1 "R	7 2!	� ��  �B�� � �'  S� �B

 fB�1 �1 C��� ��'W- �0 ��  �R�H! ����l � �7 ~�B %I

�(�(� �  9�2 	� bwl 4! ���  ��80 <��,- 2� %�8� "@�]  �B

 y�	j 4! �� � 9	W� ���� �� %�� bwl 	g! 2� � "$! ����

%I "@�] 	�`�0 B"$! ��	�  !��
 fB�1 � . 9!	� V�':- 2�

 bwl ��E	-24  ���#$� +$�0 � �' GC/MS ���	7 ��(� I .

pH �(�(� �  �� e�'0 4! �� � &�� <��,-  �� �8�	1 9�B

 .2��pHin  �pHfin ���	7 "�g �� .  

�(�(� �  9�2 	� ��� bwl %�8� 2!�/-  .2�� �� �8�	1 9�B

 �(��0 2!�/-)qe (���- U3E 	� �	7 	� �	7  �B�4�� "�l �

 +�!�2 4! U�0	0 �� .���1	0 ��! XwE1  �2 �� ���5#$!.  

q� = (C� − C�) ×
V

m
 

 �W�!21 

%R =
C� − C�

C�
× 100 

 �W�!22  
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�W�!2 ��! 2� �1 :C0  �Ct  2� %�8� "@�] U�0	0 ��

�(�(� �  �� e�'0 4! �� � ��(�! <��,-  U3E 	� �8�	1 9�B

���- �- 	#�( 	� �	7 �8��� .v  C:E 	#�( U3E 	� ��(�! <��,-

 �m 9	W� �� ��� �R�H! b��l %4� "$! �	7 U3E 	� �B .  

� ���� ��(0 !"��  

 ���#$� S� 4!GC  "1	� �� t��	-Agilent  �� ��:- �1

MSD  <�-C5975  <�- �R!	7�0�-�	1 4�7 �A7890  ��

 "(�E y�2�0Split/Splitless �4!� ! 9!	� ����  %�8� 9	�7

���	7 ���5#$! . %����$ %�#$ S� 4! f��-4I ��! 2�  

)5% Phenyl-95% Climethyl polysiloxane; 

30 m × 0.25 mmI.D; 0.25 µm( HP-5ms  4�7 �

 ����B) x��c995/99 ��2� ( %��	l "�	$ ��1 ���-  	#�(

�� ���5#$! &-�E 4�7 %!�8� �� �/��� 2� .�-� �-� 	� %�#$ 9

���	7 C�@80 	�4 .2�� �� :40 �# �$ �l2�  9!	� �!	710 

 �0 f�!�R! ��/���120 �# �$ �l2�  "�	$ �� �!	710  �l2�

�# �$  2� �-� �#�!���  � �/��� 2� �!	7120 �l2� �# �$ �!	7 

 .�- ��2 �/��� . �E 2� y�2�0 &,- 9�-�250 �l2� 

�# �$ �!	7  � ���	7 C�@801 ���- C:E 	#�(  4�7Headspace 

 ���#$� ��GC  "(�E ��Splitless �� y�2�0 . y�2�0 9!	�

� �'  S� 4! %�#$ &c!� �� � �'   2!�	�HS )Head space (

 ��  ��CTCPAL-CombiPAL  .2�� �� �1 �� ���5#$!

�-� 	� 	�4 ���	7 9��2 :  

� �'  %�	1 �	7 %�-4 :25 %�	1 �	7 9�-� ��/��� :70 

�l2� �# �$ E ��!	7��� "�!�	� � �'  C: :1 ���-  9�-� �	#�(

y�2�0 Y 	$ :110 �l2� �# �$  4�7 �� ��#3� %�-4 ��!	7

%_�	#�  :2 Y 	$ %�� 	
 %�-4 ��/��� :03/0  %�-4 ��/���

y�2�0 :1  [��- � �'  C:E � �/���2 ���- <��� 2� 	#�(  9�B  

10 ���- ��� 9	#�( .� �'  �� ��'  � �7 ~�B  �R�H! �B���	�  .

 pH � �'   S� +$�0 �BpH  V�  4! 	#-EUTECH  <�-

1500 �4!� ! �� 9	�7.  

12�� ��  

�(�(� �  4! �(�W- ��! 2� �(�(� �  � �2!��� �8T �8�	1 9�B  9�B

 � C�3�1 "�	�1�{�B �� ��� z?�! �2!��� �8T �8�	1

�(�(� �   "�	�1�{�B �� ��� z?�! �2!��� �8T �8�	1 9�B

 C��$�� ���5#$! .�(�(� �   9!2!� �2!��� �8T �8�	1 9�B95 

 �l2�c 	W� � x��c ��2�20-5  ��c!� 	W� �	#-� � 6-2 

<�j �	#-� � 10-1  9	B�i �#�3 !� �	#-�	��-35/0-15/0 

�# �$ 	� �	7 �2!��� �!�0 � U�- 	#-  �B15-3 ���.  

"(	��, �&�& ��  

��!� ��(� I 9!	� b��l �3��/- � �B  9�BMWCNT �

)2)OCl(Ca(MWCNT  �)NaOCl(MWCNT  XwE 2�

�	  4! %�8�  f��-4I �E!	j 2!�R!DOE   

)Design of experiment (���	7 ���5#$! . 4! �(�W- ��! 2�

 ��1 &�2�#1�R z	j)General factorial plan (�� ���5#$!.  

  

%)*�� �( 

&�3�45 12�� ��  

 <��l1  +$�0 %�8� XwE ��2�MWCNT �

)2)OCl(Ca(MWCNT  �)NaOCl(MWCNT  9!	�

 %�8� ��(�! "@�] �1 �#(�E100 ���-  "@�] �	#�( 	� �	7

 b��l5/0  e�'0 %�-4 �	#�( 	� �	71  � "��$2  � "��$

 %�4 CB .��250 �- %��  !2 "$! �/��� 2� 2�� �B�.  

2!��'  1 �(�(� �  +$�0 %�8� XwE %!��-  �8�	1 9�B

MWCNT�(�(� �  � "�	�1�{�B �� ��� z?�! �8�	1 9�B  
  

 +'�,1:  ./�0 1�2" 34� �5�!MWCNT �)2)OCl(Ca(MWCNT  ')NaOCl(MWCNT  8��0 1���  ��"1  ' 9:�/2  9:�/  

;<�,  

%�='� 9>?@  

)C0(  

)�?�� �)�= �" ��A(  

 8��0 1��� �! 1�2" 34� 1����1 9:�/   8��0 1��� �! 1�2" 34� 1����2 9:�/  

 %����B 9>?@)Ct(  

)�?�� �)�= �" ��A(  
34� �5�!  

 %����B 9>?@)Ct(  

)�?�� �)�= �" ��A(  
34� �5�!  

*MWCNT  2/0 ± 100  0002/0 ± 02/13  98/86  0002/0 ± 02/11  98/88  

)2)OCl(Ca(MWCNT 2/0 ± 100  0001/0 ± 56/8  44/91  0001/0 ± 32/9  68/90  

)NaOCl(MWCNT  2/0 ± 100  0002/0 ± 20/9  80/90  0002/0 ± 81/9  19/90  

MWCNT: Multi walled carbon nano tubes 
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 C�3�1)2)OCl(Ca(MWCNT �(�(� �  �  z?�! �8�	1 9�B

 C��$ "�	�1�{�B �� ���)NaOCl(MWCNT  %�-4 2� !2

 e�'01 �- �3��/- CB �� "��$ ���' .  

2!��'  2  +$�0 %�8� XwE %!��-MWCNT �

)2)OCl(Ca(MWCNT  �)NaOCl(MWCNT  %�-4 2� !2

 e�'02 �- �3��/- CB �� "��$ ���' .  

  

  
��!��� 1 : ./�0 1�2" 34� �5�!MWCNT �)2)OCl(Ca(MWCNT  ')NaOCl( MWCNT   

9>?@ �"  %�='�100 �?��  ;<�, 9>?@ ��)�= �" ��A5/0  8��0 1��� ' �)�= �" ��A1 9:�/  

  MWCNT: Multi walled carbon nano tubes  
  

   
��!��� 2 : ./�0 1�2" 34� �5�!MWCNT �)2)OCl(Ca(MWCNT  ')NaOCl(MWCNT  

  %�='� 9>?@ �"100 �?��  ;<�, 9>?@ ��)�= �" ��A5/0  8��0 1��� ' �)�= �" ��A2 9:�/   

MWCNT: Multi walled carbon nano tubes 
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2!��'  3  2� %�8� bwl "�R	iMWCNT �

)2)OCl(Ca(MWCNT  �)NaOCl(MWCNT  "@�] ��

 ��(�!100 ���-  e�'0 %�-4 �	#�( 	� �	71  CB %!��- � "��$

 %�4250 �- %��  !2 �/��� 2� 2�� �B�.  

2!��'  4  2� %�8� bwl "�R	iMWCNT �

)2)OCl(Ca(MWCNT  �)NaOCl(MWCNT  "@�] ��

 ��(�!100 ���-  e�'0 %�-4 �	#�( 	� �	72  � "��$ CB %!��-

 %�4250 �- %��  !2 �/��� 2� 2�� �B�.  

  

F"  

�	  +$�0 ��� ��: ! 9�B��(� I e�$! 	�  2!�R!DOE %!��- �

 +$�0 %�8� XwEMWCNT �)2)OCl(Ca(MWCNT  �

)NaOCl(MWCNT  %�-4 .�- 2�1  X?#c! 9!2!� "��$

�8-  92!�)| t| < Prob ST�1  4! 	005/0 ("$!.  %!��-

�(�(� �  +$�0 %�8� XwE  �� ��� z?�! �8�	1 9�B

�- %��  C�3�1 "�	�1�{�B  X?#c! 92�-I 	@  4! �1 �B�

�8- �(�(� �  ��� 92!�  "�	�1�{�B �� ��� z?�! �8�	1 9�B  

  
��!��� 3 : �! 1�2" ;4, 9�*�GMWCNT �)2)OCl(Ca(MWCNT ' )NaOCl(MWCNT 9>?@ �"  %�='�100 �?�� ��A  

  ;<�, 9>?@ ��)�= �"5/0  8��0 1��� ' �)�= �" ��A1 9:�/   

 MWCNT: Multi walled carbon nano tubes  

  

  
��!��� 4 :9�*�G ;4, 1�2" �! MWCNT� )2)OCl(Ca(MWCNT ' )NaOCl(MWCNT �" 9>?@ %�='� 100 ��?� ��A   

�" =���) 9>?@ ;<�, 5/0 ��A = �"��)  '1��� 8��0 2 9:�/   

 MWCNT: Multi walled carbon nano tubes  
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�(�(� �  � C��$ "�	�1�{�B � C�3�1  ���  z?�! �8�	1 9�B

�(�(� �  �1 92�j �� K�2!� ��l� %�8� XwE 2�  �8�	1 9�B

 %�-4 .�- 2� C�3�1 "�	�1�{�B �� ��� z?�!1  "��$

�- XwE %�-� !2 ��	#�� 9!2!� �����  %�-4 .�- 2� �(�2 

�(�(� �  2� %�-� !2 bwl!� &�(� �� "��$  z?�! �8�	1 9�B

�8- X?#c! � �#R�� fB�1 ��� �(�(� �  ��� 92!�  9�B

 ��l� C��$ "�	�1�{�B � C�3�1 "�	�1�{�B �� ��� z?�!

�(�(� �  XwE %�-� !2 �-! ��2!�   �� �2!��� �8T �8�	1 9�B

"R�� ����� %�-4 "�w7.  

%�'B  2� �1 2�j2!��'  1  K"$! ����-)2)OCl(Ca (

MWCNT  4! f��)NaOCl (MWCNT  �MWCNT 

�- �81 XwE ��I <��,- 4! !2 %�8� � !�0 . �1 2�j %�'B

�- 2�@# !  "�	�1�{�B 2� 	�1 ��2� %��� 	0^�� &�(� �� "R2

��! �� �l�0 �� � C��$ "�	�1�{�B �� "�3  C�3�1  	�1 �1

<�R &-��  94�$z?�! � �(�(� �  94�$  �8T �8�	1 9�B

 XwE %�-� !2 C�3�1 "�	�1�{�B ��!	��8� �"$! �2!���

�- %��  C��$ "�	�1�{�B �� "�3  9	0^�� �B� . 2�2!��'  

2  +$�0 ��I <��,- 4! %�8� XwE %�-� !2 �� )2)OCl(Ca (

MWCNT  4! f��)NaOCl (MWCNT  �MWCNT 

  �� %�8� XwE %�-� !2 �-! �"$!�(�(� �  z?�! �8�	1 9�B

 %�-4 2� ���1  4! 	#�� "��$2 �- "��$  �� ��! �1 ����

z?�! &�(� �� bwl "�	$ �#R2 ^�� &�(� &-�� � 94�$  2!�

�(�(� �  nW$ %�� �- ��� z?�! 9�B ����.  

2!��'  3 �- %��   bwl "�R	i �1 �B�)2)OCl(Ca (

MWCNT  4! f��)NaOCl (MWCNT �-  �(� ����� 	B

�(�(� �  ��  "�3  9	#�� bwl "�R	i ��� z?�! �8�	1 9�B

� 2!� ���  z?�! �2!��� �8T �8�	1 �(�(� �  �� . 2� ��8\'B

 e�'0 %�-41 �(�(� �  2� bwl "�R	i "��$  �8�	1 9�B

�- %��  �
 �"$! 	0^�� ��� z?�! z?�! �� �1 �B�  94�$

�- �	1 	#'1 ��  !2 e�'0 %�-4 %!�0.  

!��' 2 4 �- %��   bwl "�R	i �1 �B�)2)OCl(Ca (

MWCNT  4! f��)NaOCl (MWCNT �-  	B �(� �����

�(�(� �  ��  9	#�� bwl "�R	i ��� z?�! �8�	1 9�B

� 2!� ���  z?�! �2!��� �8T �8�	1 �(�(� �  �� "�3  . 	�

 +$�0 ��� ��: ! .�/�/,0 e�$!Lu � %!2��'B z?�! �

�(�(� �  %�	1  9�B nW$ f�!�R! v��� ��$! S'1 �� �8�	1

�- �- %�8� 9!	� bwl f�!�R! v��� �:�#  2� �1 ���  � ���

�- F�2 ��! S'1 �� �	1 &��E 9	#�� d��#  %!�0 . ��8\'B

 9�B� ��
 e�$! 	� %�8� bwl C3� ��-π-π  ��8B� %�	#�(!

 � %�8� S�0�-�2I �/�E ��� �1 "$! �� 	�7 %�	#�(! �

��	7 31��	1 9�B�(�(� �  S��� �- ��:�! �8�	1 9�B  ���)7(. 

 .�(�W-Yin � %!2��'B  �1 �!� %�� pH  <��,- 9��$!

��	7 f�!�R! v���  nW$ 9�2 	� 9��$! 9�	��'� 9�B

�- ��	1 � �7 �1 ��� �- 	���0 !2 %Z�31! ���1	0 9�B �B� .

��	7  2� �1 9��$! 9�	��'� 9�BpH  z�W$ 9�2 ����


�- &���0 ��	1 ��� ��	7 &-��  ��8��1 �&�31��	1 9�B

�- bI %��� S���31��	1 � �81^ �8��� .��	7 ��!  9�B

 �8 �- �0���1	0 bwl 9!	� x�c 9�	��'�BTEX  9!2!� �1

��	7 �- �4^ ��8#3B %�8� �/�E �8 �- ���B ���� . .�/�/,0

�- %��  ��� ��: !  .���1	0 bwl �1 �B�BTEX  9�2 	�

�(�(� �   bwl "�� �� �8�	1 9�Bπ -π %�	#�(! ���  9�B

�/�E � ��	1 nW$ 2� ��l�-  K"$! .���1	0 ��! S�0�-�2I 9�B

%�� ��� S�0�#$!�	#�(! 9�	�  �1 92�j ��  ��� &q#- 9�B

 .���1	0 bwl v��� ��	1 �,W$ _2�� � S�0�-�2I �/�E ��

�- ��	1 z�W$ 9�2 	� %�8�  ���)9 .( .�/�/,0Rao � 

%!2��'B  <��,- 4! .���1	0 bwl C3� ��- �1 �!� %��  9�B

�(�(� �  +$�0 ��I  2� �(� �"$! ���\�
 ���c �8�	1 9�B

 �S�0�#$!�	#�(! ����l 9�B�	�  ��'� 2�j �� G�#`- .�/�/,0

bwl- f8�'B	� � U�$	0 ��8�^I ��� ����'�� 9�B  � �B

��	7 �(�(� �  �,W$ 9�	��'� 9�B  %!�8� �� �8�	1 9�B

� ��- "$! ��� z	W- bwl C3)10.(   

 <��l2  bwl "�R	i 2!�/-)qe ( +$�0 %�8� 9!	�

b��l �8 �- G�#`- 9�B )2)OCl(Ca(MWCNT �

)NaOCl(MWCNT �MWCNT  �SWCNT )Single 

walled carbon nano tubes( 92��
 <�R ��	1 �

)Powdered activated carbon  ��PAC ( <�R ��	1 �

 �(� !	7)Granular activated carbon  ��GAC ( &��E

"$! ���'  �3��/- .�(�W- 	��$ �� !2 �(�W- ��! 4!.  
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+'�, 2 :�%
��& 9�*�G ;4, 1�2" ./�0 ;<�,  �( �?)I�  

;<�,  
1�2" ;4, 9�*�G  

)�?�� ��A �" ��A(  
%J=�K� .����  L��*�  

)2)OCl(Ca(MWCNT  58/188  7  =Ph �1000/5/0  =S/L  �100  =C0  ���� ������  

)NaOCl(MWCNT  70/187  7  =Ph �1000/5/0  =S/L  �100  =C0  ���� ������  

MWCNT 60/182  7  =pH �25  =T �1000/5/0  =S/L  �100  =C0  ���� ������  

MWCNT  98/9  7  =pH �25  =T �100/1/0  =S/L  �10  =C0  )11(  

SWCNT  98/9  7  =pH �25  =T �100/1/0  =S/L  �10  =C0  )11(  

HCNT  97/9  7  =pH �25  =T �100/1/0  =S/L  �10  =C0  )11(  

CNT  10/18  7  =pH �25  =T �100/6/0  =S/L  �200  =C0  )7(  

GAC  10/183  7  =pH �25  =T �100/15/0  =S/L  �35-  =C0  )12(  

PAC 00/40  40/1/0  =S/L  �100  =C0  )13( 

 �������   76/4  25  =T �100/1/0  =S/L  �10  =C0  )14( 

MWCNT: Multi walled carbon nano tubes; SWCNT: Single walled carbon nano tubes; HCNT: Hybrid carbon nano tubes 
and nano silica; CNT: Carbon nano tubes; GAC: Granular activated carbon; PAC: Powdered activated carbon 

  

�(�(� �  4! ���5#$! �� ��I [��8- 4! %�8� XwE �(�W- 2�  9�B

��! �� �l�0 �� ����	7 �`�- �8�	1 <�R &-�� 	�1 �1  � 94�$

z?�! �(�(� �  94�$  �� �:�#  2� �"$! �2!��� �8T �8�	1 9�B

"�3  C�3�1 "�	�1�{�B 2� 	�1 ��2� %��� 	0^�� &�(�  ��

 "�	�1�{�B �� "�3  9	0^�� XwE %�-� !2 C��$ "�	�1�{�B

�- %��  C��$  2�j ��'B � �B�)2)OCl(Ca(MWCNT 

�� "�3  9	0^�� bwl "�R	i 9!2!� )NaOCl(MWCNT 

�-  � �2 9!2!� � ����MWCNT > )NaOCl(MWCNT > 

)2)OCl(Ca(MWCNT "$! . +$�0 %�8� bwl "�R	i
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Benzene Removal from Aqueous Solution by Surface Modified Carbon 
Nanotubes Using Calcium Hypochlorite 

 
Mohammadhasan Ehrampoush1, Hamidrez Pourzamani2,  

Maryam Pezeshki Najafabadi3 

 

Abstract 
Background: Benzene is a volatile compound in petroleum products and the major concern about this is 
carcinogenic effects. This study aimed to review benzene removal ability of multi-walled carbon 
nanotubes by surface modified with calcium hypochlorite and sodium hypochlorite from aqueous solution. 

Methods: The removal of benzene from aqueous solution by multi-walled carbon nanotubes (MWCNT) 
and its modified surface by calcium hypochlorite [MWCNT (Ca(OCl)2)] and sodium hypochlorite 
[MWCNT(NaOCl)] were evaluated. Synthetic samples were analyzed by Gas Chromatography. 

Findings: this study, nano-materials with dosage of 0.5 g/l, contact time (1-hr and 2-hr) with benzene 
concentration of 100 mg/l and pH 7 were chosen. The equilibrium amount (qe) and removal efficiency (R) 
for benzene were 188.6 mg/g and 94.3%, respectively and by MWCNT (Ca(OCl)2) were higher than 
MWCNT (NaOCl) (qe = 187.7; R = 93.9%) and MWCNT (qe = 182.6; R = 91.3%) 

Conclusion: The MWCNT (Ca(OCl)2) can effectively adsorb benzene from water and can thus be used as 
efficient adsorbents to purify waters and wastewaters polluted by the petrochemicals. 

Key words: Carbon Nanotubes, Benzene, Calcium Hypochlorite, Sodium Hypochlorite 
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