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�!x�L��o7�*hCE��\2H5$\o Xy0�/j!\g'\�"9S�w2H5$��<yNZ\hMDhU\"9y0t{!�W��$ M}4�
E�2H5$dGhMD�U�E�AOp#�$M}Æ= X-3B u����o-"=�2H5$hUhMDOj}l2�xhMD�D~' 20min �� X-3B p#\iq+OX 96.55%,\hMDiqq+=a,1M}45
EhU�� � u�2H5$ÆhD�Z Æ/P�$fI�$��TB383 KPk=,�A

1 _XiF�[!F��%�0�FI5�S����oo6Y�`yU�M�����V6%V
!=�|Je+�iF�F�/?℄X�8|.#�i(6iK�"20k6�
_m�O�iF�℄>��hxbT�Bd:Tp
vR��iF�[!�)�(+2F�ip�%�F��%�&q�%�O��%�O��% [1∼3]. iV;iF�F�[!SF2�v<�℄dK�Ga7-+℄iVso�3�ÆF`G>3)iV+%�!Y*��:��(��6�s(v~℄s��FViV
V��G>℄3)iVdr6Pk~3�iNFN~(��x0RQqVjrr,a
*�6:�;iF��(S�iV��o4 S�=���5�℄QN �S�"=={KQq
s��FViV.oF��%r.�j�ViV�e��t�eO"℄;�%F�S�)�℄(+ [4].3J7%Wi~3�F�~MPk���dr��NFN~d��#:TS��0�3℄Y�M��;%F�'30℄b;(+_I [5∼8]. .2GaO�℄3J7%10s�9Q�%s��,(� [9], $J��N�`hy 3J7%u|�~F��:h℄O=iV�=�hN~56ÆF`G>3)+%��%O=iV��%F�jrN~�> X-3B v��!J�m��3J7%iV℄Pk~Y℄xq%v�℄jrr,

2 ;Yo�
2.1 E4/
�Tt%;j�k ℄y 3J7% (	fJ7�0e�&�5�Ir >95%) ;Æ``� 600◦C9e_�M�� 30min, �nA; 1200r/min ℄9e_�+iD 2h, :h3J7%M2 20%℄n,v�S�9
�{ 2h, oA/-�\bL pH=7, <�L;Q �[YiV+%+℄3>�95� 2005–11–25, >xU��95�2006–02–22�!Q2� �0��JI6Zl (0452nm027)g
� � �gL (1966– ), K�
k�	 GV&N8� ��#	 E-mail: sly0726@163.com
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1352 R P ) # � � 21 �J7% [10,11].

2.2 E4/
SB���M-+t��� MAX-2000 x X �f
�� (XRD) 0k3J7%�X℄wx
h�~F�aA℄3J7%�X2T%�HS9
�{AO��! JEM-2-CX ?�i} (TEM) #23J7%%~Yz1

2.3 ~�q)im1�s�-+4, Micromeritics ℄ ASAP2010 xY���! N2 HY�Q�; 77K u|Y�`Mf℄0k��+ BET }℄-N~5�ÆF�!Y�~F�aA3J7%℄�#:T

2.4 EA~�{egh 10%(Q ���) ℄�'��[ PTFE x�^y3)+%S�!T%�HHv\�;�+~D�{y+RS�{F� 0.5h, oAB-\b�M2>Cf�>iS<��
A;�M_�+ 25MPa 	��	=x��%[YH~ 20mm, ? 1.0mm 6W\iVW℄N~5�ÆF63J7%iV

2.5 ~�m1S-{�M-+t� JSM-6700F |;i}#2�3)iV�X℄#:z1

2.6 �?��<Z�%!�3)iVeH�V�(��WeH%V�b[=iNF�([M����HF� X-3B BP�% 5 K� (X-3B v�UrH 50mg·L−1, 8TH 200mL, pH >S~�irQ
NaCl v�UrH 3000mg·L−1, i(8rH 20mA·cm−2). 3 5min H����fj��K�-+�((r} (λmax=538nm) 0k X-3B v�Ur���q%v�Ur!F,�: iV℄Pk~
�!irQv�℄Ur�F�h=9e℄BP�%��2(=3)+%iVxq%v�℄jrr,

3 ��
F+
3.1 ~w�\�`%3)iVX��;/iNF�F�jr�%S℄0RV
℄X�/?�
�+iV℄iNFe+��Fv�S℄�^ (Cl−) 5�d�F\ Cl2 6 ClO−, Fs�F\:hiV;/Y�e+�W℄0RQqV�F�r�PYd�Fjr℄G℄ [12]. 1!3)iV�W�3℄Y�~�Pk~6NF~2�8,M0r℄jrF��%


� 1 2H5$\ TEM DV
Fig. 1 TEM images of carbon nanotubes

(a) Before modification; (b) After modification
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3.2 E4/
��md�~F�aA3J7%z1p!wA 1 1�
.A 1
!	C�3J7%%~H 40∼60nm.y/�M�F6�+iDF�A�3J7%�Qu!t�%s���% !��yZ,9
F�A�s�NF\�0r℄kD��[3J7%L
O�;8�=�3J7%="�B�
m�SH��
A 2 H�~F�aA3J7%℄ XRDAZ�3J7%; 2θ H 26.06◦ �0`z℄
(002) 

�� Bragg �� nλ=2dsinθ ℄-#?�3J7%℄1a� (d002) H 0.341nm,�gx℄ HOPG ℄1a� (d002=0.336nm).S�L d I	C�3J7%�0m3℄ÆFF?r [13].

3.3 ~�m1S-{�MA 3 H(=3)+%iV#:℄ SEMEW

d�N~5iV�.Tkx3T*?vTz=�ÆFiVH1\p!�z3%iV��3J7%Ch4r�℄az=�yhC�;℄E/Æ^
 � 2 2H5$\ XRD �Y
Fig. 2 XRD patterns of carbon nanotubes

� 3 '<2()#\ SEM DV
Fig. 3 SEM images of different carbonaceous materials

A. Active carbon; B. Graphite; C. Carbon nanotubesl 1 nHC�p'�6|�yhl0�
Table 1 Specific surface area of different carbonaceous materials and their electrodes

S/m2
·g−1

Materials
Powder Electrode

Active carbon 1508.73 596.59

Graphite 35.09 15.93

Carbon nanotubes before modification 59.03 46.55

Carbon nanotubes after modification 136.26 80.72
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3.4 EAq){im1�s�# 1 H-+aMUY�}0k℄(=3)+%Y℄iV℄�#:T
℄S�N~5℄�#:T
S�3J7%F�A℄�#:TmF�a0bY7�
3J7%;/bT℄�M�F6iDF�A��[3J7%℄%sQ��L
&;�℄L#:T[!�A��+
=��3J7%y/aF�A�% !��
�="6B��;% �)="md�Fsn^Y"�Se+
=�����X.	\O=iVA��#:T!p
p8|;i|�X�
G.2	OiV�^y"'��[ PTFE x��&y	0=xF���[iVW�#:T01
p

3.5 EA~�L�Ti�h(=3)+%�%O=iV����HF� X-3B BP�% 5 KA�q%jr,/�a℄!Ff�wA 4 1�
.2N~510S ℄Tkz3 (�w3), ℄
�F~M3�1!N~5iV/℄x�%F�K#℄�^�iVxq%0RV℄jrM�?b_j�#?N~5iVPk~93
3J7%��UaI℄�ÆFFw�XRD 0�#?3J7%�X�0m3℄ÆFF?r�1!3J7%iV6ÆFiV;�HF��%��S3���f℄jr,VÆ~3�iV�T��℄93℄Pk~


� 4 '<2()#hU\Oj}
Fig. 4 Stability of different carbonaceous

materials electrodes

3.6 EA~���R*i�A 5 �(=3)iV;(=UrirQ9e_xq%0RV℄jrf�
.A 5 
GÆF63J7%iV/℄irQUr℄�S�x X-3B ℄jr,��S
3J7%;irQUrH 3000mg·L−1 ℄9e_�x X-3B ℄jr,MPY 95% !�
ÆFiVx0RV�M^Y0rjr℄e+�V���7�irQUrL 5000mg·L−1. zN~5iVx0RV℄jr,(/irQ℄Ur�Sz�S
A 6 H(=3)iVx X-3B ℄jr,�.A
G�F�h=9e℄q%�%�3J7%℄iNFjrr,?b-2ÆF6N~5iV
3J
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6 [ �fK�^�2H5$hUhMD�Diqp#u�\
� 13557%iViNFjr�% 20min A� X-3B ℄jr,PY" 96.55%. $H3J7%0℄6�℄p!-��℄"
L�3%#:�3J7%Ch4rz=℄�yE/Æ^anM=H
X-3B ��FjrF�℄61�0r7�"3J7%iV℄NFN~
ÆFiV.2�1\p!�℄iNF�F�(X�WS;iV#:u|�1!jrr,a23J7%iV
zN~5iV.o�09d℄Y�M��V�N~5�.ÆFFwT*?vTz=�℄NFN~a�Wi~3�p8�%�HF�����!irQUr��6N~5iVx X-3B jr��`8�X�N~5X�I�;/iY�℄e+�jr%S℄0RQqV�N~5eHiVx�%℄iNF�FF�J�^Yt=F�℄e+


� 5 hqPTqw'<2(hUiqq+\*k
Fig. 5 Effect of the concentration of elec-

trolyte on the degradation efficiency of differ-

ent carbonaceous materials electrodes

A. Active carbon; B. Graphite; C. Carbon nan-

otubes

� 6 '<2(hUw X-3B \iq+
Fig. 6 Degradation of X-3B on different car-

bonaceous materials electrodes

A. Active carbon; B. Graphite; C. Carbon nan-

otubes

4 �+
1. 3J7%;/�M��6�+iDF�A�3J7%�nt�%s���% !��"
;8�rB�r.3
3J7%%~H 40∼60nm, d002=0.341nm, 3J7%�0m�℄
ÆFFr

2. 3J7%iViNFPk~m3�e3J7%x0Rq%N~�> X-3B iNFjrr,?b-2N~56ÆFiV�iNF�F�( 20min A� X-3B q%℄jr,PY"

96.55%.r#JO
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Application of Carbon Nanotubes in Organic Wastewater Treatment of

Electrochemical Method

FANG Jian-Hui1, WEN Yi1, SHI Li-Yi1,2, CAO Wei-Min1

(1. Department of Chemistry, Shanghai University, Shanghai 200444, China; 2. Nano-Science & Technol-

ogy Research Center of Shanghai University, Shanghai 200444, China)

Abstract: The structure and morphology of carbon nanotubes modified by high-temperature

calcination and miling with high speed were studied. The surface area of carbon nanotubes was

measured. The morphology of the carbon nanotubes electrocatalytic electrodes pressed at normal

temperature was observed. Active red X-3B simulated wastewater was disposed by active carbon,

graphite and carbon nanotubes electrocatalytic electrodes, respectively. The experimental results

show that the stability of carbon nanotubes electrodes is good and the dye degradation of X-3B

can reach 96.55%. The efficiency of carbon nanotubes electrodes is obviously better than that of

active carbon and graphite electrodes.

Key words carbon nanotubes; electrochemical method; organic wastewater


