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(_ZS^LbHYXbeQKbg & IM
VWPha�HY`UR℄TfGiN[d\�JO 610031)� <� 6# KOH MNG`�=7�!NG`#(�f
.�NGA~hN�2OD1�kEy ACNTs �'sMuV2,�#*uG�=\u�g��uG��(�T9���i ACNTshuG��(,NG`#(h!G�!G�` mKOH/mCNTs=3 ��U
pXQ���# TEM; HRTEM � ACNTs ~�~>�\�#℄ijy_��9�* ACNTs h�%GT;jR_�rm��i ACNTs huG��(,NG`#(h!G,b BET �%GT'Ou.
�b
BET �%GThXv
wbuG��(h m�� � ~�N�2OD1ÆuG��(ÆNG`#(E.����TM53 02z(��A

1 =:vI�>℄v�h (ESC) �(LBv�h/YÆ�ViZ�)�
QvC�YÆ�Vi!)8�Zv4�v�<i	JÆ$�Jl9r�K~��N$5U2��i{r [1,2]. V|NT��8|Ci/�4.���4.���
j��tNvW4.�Xt ESC, 	n�(&:ivI��U
��
8�{��I[d/i RuO
[3]
2 , 34.d/iO�3 [4,5] l
8Fz�
jivW4.Z�3PE2 (CNTs) 4.��q�5
ji�[{}4. [6], &+
}9iPEZ�2w-��f+$y|�i0

_$}N CNTs $t ESC vW4.(}9i%4��[w��!�bv�:��&HUtZ����0XZ8�x�LS (n��Zw��). CNTs $t ESC vW4.i��q9��+ 1997 Y [7], -BF�Hi��Fj+�)i
? [8,10]. _�Nli��q����&+�dNl CNTs X�_ ilX�/gdi CNTs |(�#,Ai�r��� CNTs i�&HU/�?Z���U( 200m2

·g−1[11]./�ÆgN CNTs $t ESC vW4.�o�+
0vW4.	
��)/�?!�9(�8�$vx�f��)tn�U( 30F·g−1 r) [12], R	X3h1��1i $
?
O�3PE2 (ANTs) ��[l CNTs ��I�<[�OIJ�	gdi{}4. [13].1i:F�N+�� CNTs �&HU/�?Zi�r�<m18��Zi�&HUij;`�<vW4.1.i $
	 ACNTs x
8vW4.1.&jF'f%&ivI��U [14], 
vI��)ZZ:!��0� CNTs i 2 ��&jF+&:i $l�
VC8*�%$� 2005–08–26, *�7��%$�2005–10–26��4 � 4eky��Pz (50372052); &K
�^(/\qsM (04GG0363;

04GG1661; 05GG009-003; 04GG009-024-07); ℄Qq>Y��>Pz (2004A02)FB��� n e (1974– ), R�+���s�	 E-mail: Jiangqi66@163.com or jiangqi66@hotmail.com
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1254 W R 2 , � � 21 ���1i��Z
j�OIai$)� ACNTs ivI��)�U(Pvi0d
�T��8PQI��dB��OIai$)� ACNTs vI��)Ngi0d�
jOIa$)�
ACNTs vI��)(tZi"r�na��?88OI8BZ"r
 BET �&HU�
j

2 ';
2.1 ,"�
�Dx
Æ/$ CNTs, � CH4 N32�� La2NiO4 NSIa�7$3oI=[SI0xÆX� [15]. �u*ÆNI�GuSIa<6YB�A�[$

2.2 �6,"�
�Dx7$2�vn6�� KOH NOIa��OI
l KOH <X�)NI:i CNTs �Y)� 0:1 � 1:1 � 2:1 � 3:1 � 4:1 ?:�8;u�*ZD�M=�zB�W+6O_Z��8$^2�vn6Zi6O2Z
g8�Sf�4)N 420mL·min−1 i4)?^j 1h, 7�
10◦C·min−1 i	S)�8 420mL·min−1 i^j4)f	Sd 1023K, zB8PS�f��S
1h. qB8^ji�Cf (420mL·min−1) lzpSd�S�tF[$
/gO�3PE2�(8
QH2$Zr� 24h B�89�$
QH2$EbdZ�NT�8 110◦C �jZ�; 48h, [$

2.3 ,"�
�{C

CNTs </g ACNTs �(7$C�vihK� (TEM)JEOL JEM-100CX,!�#C�vihK� (HRTEM, JEOL-2010)���?w-i&I
7$ AUTOSORP ZXF∼4 lz`��
(77K, N2 `�), &
 BET b+*����&HU<lS`�sni&I

2.4 ��96#�})l3PE2vW4.of�KVvI�>℄v�h��:�
N':o�t�f�
10wt% i�w>tbva< 5wt% 	[��a (PVDF) N=va
�7,NXvW��F℄�A�W℄BtNv�hK�'vW
$ 1.0mol·L−1 i LiClO4/EC+DEC(VEC : VDEC=1:1)tvx��A5 Celgard 2400 N"L�8D<vj�8pZof�KVvI�>℄v�h
zB8 DC-5C}vlzvCB�:������4D�v:�
:�<iN
D�vv4F�N 3.4A·m−2, D�vv��LN 0.0∼3.0V.3PE2i�)�*� C0 = (I × t)/V b+

Z C0 N�) (F), I N�vv4 (A), tN�v�g (s), V N�vv� (V). ��) C = C0/m, CN\QY)��) (F·g−1), m N/$ ACNTs iY) (g). /:gi�)N�W�) (�fY9(%I��)�S�W�)).

3 ��
-�E 1(a)∼(d)�(N0� CNTs <t}i ACNTs i TEM< HRTEM D℄
&E 1 �M�
CNTs 8OIl3F�e<�<�3N 10∼20µm, P�3N 20nm, Q�Y6Y
 ACNTs -
CNTs o�Ih"��	n&H/3F�_P��3N 20nm. CNTs < ACNTs |�pHo�d
9(iPEZ�2w-
& HRTEM i
Æw6&I� CNTs 8OIli�����i�	OIBi ACNTs i�����i� ACNTs &H/3F�&+2H �(�{T8
(�E 1(d) Zi B r). 

 ACNTs i2<i"����iW�Z2 �i�{|( +
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5 ` m d�j�NG`#(�N�2OD1uG��(h!q 1255�&HUi:! [13].

D 1 /� CNTs h TEM(a) ; HRTEM(b) C\Ys| ACNTs h TEM(c) ; HRTEM(d) C\
Fig. 1 TEM (a) and HRTEM (b) images of pristine CNTs and TEM (c) and HRTEM (d) images of

ACNTs

D 2 NG`#(� ACNTs uG���( (a) ;�%GT (b) h!q
Fig. 2 Effects of the dosage of activating agent on

the ACNTs electrochemical specific capacitance

(a) and BET specific surface area (b)

D 3 NG`#(� ACNTs ℄ijR_�rmh!q
Fig. 3 Effects of the dosage of activating agent

on the ACNTs nitrogen adsorption isothermsE 2a�8/AiOIa$)f�/gdi ACNTs ivI���)-OIa$)<fi0dsn
&E�M�-h mKOH/mCNTs �! ([OIa$)) i<Z�ACNTs ivI���)�`j<Z�a mKOH/mCNTs=3��ACNTs ivI���)Vd�#qZR (55.0F·g−1);zB ACNTs ivI���)-h mKOH/mCNTs �!i��1<f	��fp
F%I-
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1256 W R 2 , � � 21 �h mKOH/mCNTs �!i<Z�� ACNTs ivI���)i"r�L(�qdRFj�[
mKOH/mCNTs=3 ��ACNTs ivI���)qZ
	nU��" mKOH/mCNTs i�!�8VCi���LSLÆ ACNTs ivI���)
�� 35F·g−1 i"I (R 20∼55.0F·g−1).RlHi�� [10] Me�CNTs ivI��)-
o i�w-!
 (9(��&HU)(}Fi#d
NPVCl8/AOIa$)<ifgdi ACNTs ��+ N2 `��U (NÆsnp^�O%FG�sn
G�sn�8ho0�e [13]) < BET �&HUi:�
E 3 N8/AiOIa$)f�/gdi ACNTs i^jlS`�sn
&E�M�-h mKOH/mCNTs �!i<Z� ACNTs i`�lSn8EZiQW`j�	�&I^j`��)`j<Z
a mKOH/mCNTs i�!<ZN 3 �� ACNTs i^j`��)Vd�#qZR
	nRFzlS`�snim����0CQ��+�<�}`�sn [16], %IFzgdi ACNTs /9i�a��Z�<Z��[&
gdi�&HU�+ ESC vW4.	
�|�(xi�&HU�|U� $
	n ACNTs ^j`��)`j<f��Ph
ACNTs i�&HUi<f
E 2b N8/AiOIa$)f�/gdi ACNTs i BET �&HU-OIa$)<fi0dsn
&E�M�/g ACNTs i�&HU|Z+O�OIi CNTs i�&HU (180.9m2

·g−1); 	n-h KOH/CNTs �!i<f� ACNTs i�&HU
)<f�a
KOH/CNTs �!<fN 3 ��
�&HUVdqZR (511.7m2

·g−1). � KOH/CNTs i�!��1<f� ACNTs i�&HU/_/L<f ��	fp
J#snim�-E 2a 9(o'�%I ACNTs i BET �&HU�+ ESC vW4.	
|�(x�&HU��
vI��)i"r�W
℄�i�FK��%I& ACNTs /o�i ESC a����"v;���U)ibT-��
VCMe� CNTs 2 �(�k�Ji30i�R�:�o�3�� sp2 6I-
03�f�-�51J	o�i2gw-
_

�&+X�8BZi[["r�(� CNTs �i3/v�51J�K(Z1J<a1Jl�51J�� CNTs iIsr<'�i��Ji3l
	&+B"t$�51JiUx�%+�51J�/� KOH < CNTs i� ��g8�51J�i3����zB==i8 CNTs i2 �e��-h KOH $)i<f�
CNTs 2 �i���<f�	n�i���L-h� i��	/�<Z�R	 BET �&HU<f�Æg
vI��)<f�a KOH $)i<fd�xB�B�-h KOH $)i��1<f��-�Ng�LoD$v�Æ!)^�i��twi�o���tZi�	!)t�i��R	Æ ((x) �&HUifp�R	:�
vI��)ifp
/�8E 2a �� ACNTs ivI��)L-h KOH $)i<fFj�qZR
azRE 1 Z����d ACNTs NgFj+oD�U�F[ ACNTs NgioD�U/��i��+�&HUi<f��(+ki�F�Hi7:8hTk [17].

4 ��OIai$) ([ KOH/CNTs i�!) �/g ACNTs ivI��)�(Æx�i���1��Æ ACNTs ivI��)
��'�i"I
8�xB�f�<fOIa$)��gdvI��)'!i ACNTs, _/�Yl<fOIai$)
�N ACNTs ivI��)-OIa$)i"IFj�qZR
FjF[jt��N8/AOIa$)f/gdi
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5 ` m d�j�NG`#(�N�2OD1uG��(h!q 1257

ACNTs i BET �&HU
�"I/:�i�[8T�i��<if�ACNTs i BET �&HU�
vI��)�(��iLZt$
|�/1
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Effects of the Activating Agent Dosage on the Electrochemical

Capacitance of Activated Carbon Nanotubes

JIANG Qi, LU Xiao-Ying, ZHAO Yong, REN Xian-Ming, SONG Li-Jun

(Key Laboratory of Advanced Technologies of Materials, Ministry of Education of China, and Supercon-

ductivity R & D Center, School of Materials Science and Engineering, Southwest Jiaotong University,

Chengdu 610031, China)

Abstract: Different activated carbon nanotubes (ACNTs) were obtained with different activating

agent dosages using KOH as the activating agent. All the ACNTs were used as the electrode

materials of electrochemical super capacitors and the ACNTs electrochemical capacitances were

tested by DC-5C battery testing instrument. The results showed that the ACNTs electrochemical

capacitance changed with modifying the mass ratio of KOH and carbon nanotubes (CNTs), and

had a maximum at mKOH/mCNTs=3. At the same time, ACNTs were characterized by TEM,

HRTEM and N2 auto adsorber. And the results showed that the relationship between the ACNTs

electrochemical capacitance and activating agent dosage was closely correlated with the ACNTs

BET specific surface area. Namely, the ACNTs BET specific surface area was important to their

electrochemical capacitance.

Key words activated carbon nanotubes; electrochemical capacitance; activating agent dosage


