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�[-D %lm; nGB p LB�� q34; rs-� 012 34; 56dG� H��[8.

Abstract − ACF discs were surface treated using NaOH, HNO3 and connected to a graphite bar, for the electrosorption of

cobalt ions from an aqueous solution. The total acidity of ACF decreased by NaOH treatment which maintaining the same
average pore size and specific surface area. The total acidity, specially carboxyl groups, increased by HNO3 treatment, although

the specific surface area was reduced by co. 20%. The Point of Zero Charge (PZC) of ACF decreased from pH 3.1 to 2.6 and

2.2 by HNO3 and NaOH treatment, as a result of increases in anode ion density on ACF disc surface. Therefore, the adsorption
rate of cabalt ion by NaOH treated ACF disc was twice larger than that of non-treated ACF disc, while that of HNO3 treated

ACF disc was only one fifth of the non-treated ACF disc in electrosorption. The electrosorption rate increased with the elec-

trolyte concentration, however, it slowly decreased above 0.2 N NaCl because of competition between Co2+ and Na+.
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< ������ _�F:�8 �� T��$, ���` ��� ���

�� �n3 � 4"� ��� _��� ��� ·2� ��	� �T �

��� �d� ��s8.

�	�, _�F:t0
 ���& ���� �d� ��s ��',

~� ���d� ����� ��� �$Z 8[3, 4]. ]¡` _�F:

t0& '(< ����b
� '	 �¢ �£'¤ �< _�F:t0

� F:G'U� ��',� ��� ��� �¥��  !WX� ¦�

�'8. 5w, nfs �§� �!
 ���� ��Z� F:��� ¨

B3 ¦9� 48.

©.�r�:` ªY� z« ef¬
�� V�z� �� ­®��

� ̄ �' '°"J$ 48. 	±n²³ r´�� i� V)
� Co(II),

V(III), Fe(II) v' �+<8. '~ µ�',� ��
 	¶�� "�T

U� ·¸�d� 	¶�$ 48. 5w, Co(II)� ªY�' ¹�U� '

& º­ ·¸�d� 	¶��� ¯�' ��Z d`[5] '& »¼ �

��d� ��3 � 4� �� qr' ¦9�8.

]¡U�, ½ b
� ����
 ¾(�$. _�F:t0& -G�

¿À8� �§� ��' ��¥J�Á 8� ÂÃÄ ��� ���� �

�� K~$ ' ��� ��', ��#�� ÅH�Æ � 4�Á ��

RSWX�!� WX�Ç
 ÈÉ B !�� |}n�,  !¢(� ]

Ê, �() *
�� pH Ë�
 ÈÉ v�Ì� zeta potential� Ë�&

-Í�$ ��RSd�  !WXs _�F:t0 ÂÃÄ��
 �< �

() * ÎrÏ',� ���� ��& 	��$. �Ð8.

2. � �

�Ñ
 Y(s _�F:t0� ÒÓ�Ã£ ���(KF-1500, Toyobo

Co.)� z�Ô� Õ�� Ö�� 0.01-0.2 g/cc, ×�}n Ä�� 14 Å'

8. '�� ØÙªÚd� 0.1-0.5 nm Û'� -Ü�� 8� ÂÃÄ(�Ý

2.5 cm, IÞ 0.5 cm)��� ßn��< ³ ��RSWX�� ��d�

Y(�Ð8. ÂÃÄ ���  !WX� Yoon[6] / Chang[7]� ªÚ


ÈP �=& 1 M NaOH, 1 M HNO3 ()' àá4� Bx
 â$ 20oC,

40oC, 60oC
� ãã 24�ä�^ hå�!� ���Ð8.  !WX�

� �^ ACF� ��RS
 æ< ^²�� �Y�� ��� 40oC, 800

�ä �^ hå�!� ()� pHË�, �=� çèË�& é²�Ð8.

 !WX� ê=s ³ ë§�� �¡ ì }í�$ 110oC
� 24�ä

Ç��Ð8. Fig. 1
 	�s ��ÂÃÄ� Yß� ���Ð8. 4 nm �

Ý� abî' ���� �ï& 	ð�$ < q disc� �	 ��� 0.5 g

'¤ Õ�� Ö�� 0.21 g/cc'8.

ÎrÏ ',� ����� .G 	¢< 3�� ���� �·2�¬Ô

& Y(�� ���Ð8. �� � ·2� ¬Ô� Fig. 2
 �� ñ@ ò

' potentiostat(EG&G 273)@ (� 1 l� óPÃÄ ���� 
�Z 

8. ���
� ô�G� Y(s abî(EG&G PARC M-G0091)'

potentiostat@ bõZ" 4$ ' abî� Nö�-
 _�F:t0 Â

ÃÄ 4q& 0.5 cm ä÷d� bõ�� ¢ø��(working electrode)d�

Y(�Ð8, Hæ��d�� �Ãr´
 B�Ù�� ùµ·(0.2 nmΦ)

� �nÄ� 40 Å� Vycor úû(No 7930)*
 ̀ ·�d� üÔ�� ¢

ø��� -X�ý8. �¨��� �� þ�ÿ��(saturated calomel

electrode)� Y(�Ð8. �¥« ()d�� 0.05 N, 0.1 N, 0.2 N, 0.5

N NaCl(Junsei Chemical Co.)()� ë§�� 	��Ðd¤ ' �¥«

()
 CoCl2 ()� ���� Co++� ��� 30 ppm' Z�Á �Ð

8. ()' ���� �;Z�Á .ÍÙ hå�& Y(�� 100 rpm�

��� ��w ()� hå�ý8. 2��Ñ� �¥«()� k� �1

< ³ pH 5� ���� �Ñ�Ðd¤, �� ()� pH� 0.1 N NaOH

�� 0.1 N HCl� ���� ���Ð8.

��RSWXs _�F:t0 ��G  !� 
�� 5�� BET B

 !� é²¬Ô& Y(�� -Í�Ð$  !��� Boehm� ·¸ç

�Ú[8]d� é²�Ð8. ��WXs _�F:t0 ÂÃÄ� �()


�� pHË�
 ÈÉ zeta ��@ v�Ì Ë�� zeta �� é²�(ELS-

6000)� Y(�� é²�Ðd¤ �¥« ()*� ÎrÏ ',� ���

©.�� -�£(Perkin Elmer, 1100B)� é²�Ð8.

3. �� 	 
�

3-1. ����� ���	
� �
�� ��� ·��� ��

Fig. 3
 _�F:t0 ÂÃÄ� HNO3, NaOH ()
�� *RS�

� é²< õ�& `m* 8. 40oC
� pH 1.6� ¹�, pH 6.75� ç

� / pH 12.25� ¹±� ()
� ����^ G§�Ð"� _�F:

t0 ÂÃÄ� ~"4� ()� pH Ë�� ��3 K �Ð$ çèË�

�< 	 8. ÈP� _�F:t0� 40oC
�� ¹�� ¹±�
�

Bh� ^²
� � � 4 8.

��	� }n� Ä�@ -�
 ÈP ��«� ��
 �Å� �U�

 !WX& ��< _�F:t0 ÂÃÄ� }n Ä� -�& �Y3 ¦

9� 48. Fig. 4� �å _�F:t0 ÂÃÄ@ � ·±�WXs _�Fig. 1. Photographs of ACF-discs.

Fig. 2. Schematic view of electrosorption apparatus.
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F:t0 ÂÃÄ� 77 K
�� «: ��v,
·� ��< �'8. ]

�d��� �� 
·� type I� �'$ 4�E '�� _�F:t0


 r�s }n� æ�- |}n~'$ '~' �I  !
 ¯�Z"

4� ��'¤, '~� ÂÃÄ� ��� ���$ � ·±�� WX�!

«:��è� ®:�JK |}n� Ä�
� A Ë�� 	�� �|<

8. «:��è� ®:�  !
 �#�� r��� ' �#�� |}

n� �� ��d� ��s8. Pittman v[9]� F:t0& ß< HNO3

�  !WX�! õ²�� � s �-' «�� å¾��  !
 ¢�


�'` �Ã¡�' r´<8$ �$�Ð$, Manocha[10]�  !�

�:¢(�~' F:� 
� 1
` ×�� ��' v
 �� ��s

8$ �$�Ð8. Table 1
 20oC, 40oC / 60oC
� HNO3 / NaOH

� 24�ä�^  !WXs _�F:t0 ÂÃÄ� 
�� 5�� ²X

�Ð8.  ��� �}n�ï� ®:� |}n�ï� ®:@ �Ô< Y

����  !WX
 ��� r�s ¢(�~� |}n' 1
& �À

�� � � 4d¤ '¡< õ�� Park v[11]� �$@ �Ô<8. ÈP

� «:��è� B !�' ®:�ÐJK ×�}n� Ä�� ¶� Ë

�� 	8. B !�� 20oC WX
�� 10-18% ®:�JK WX,�

� H�

 ÈP 8� ë��� ÝÅ� �Ð�E '� ¢(�~� ´

� �� :�
 �£� 4� �d� ´ãs8.

Table 2
� ���  !WXs _�F:t0 ÂÃÄ�  !��&

²X�Ð8. Shim� Ryu[12], Donnet� Bansal[13]� õ�@ ò'  !

WX� _�F:t0 ÂÃÄ� � ��� 0.850 meq/g�E 20oC
�

HNO3d� WX< ÝT� 2.230 meq/g� ���� `m*" WX��8

2.6� ë��Ð8. Lactone�@ phenol�� R 2� ë��Ð$ carboxyl�

� 0.044 meq/g
� 0.785 meq/gd� R 17.8�  ̀ë��Ð8. WX,�

& 40oC, 60oC� H���
 ÈP carboxyl�@ phenol�� ®:�d`

lactone�� ®:�8� 8� ë��Ð8. å!
, NaOH� WX< ÝT

� ���' 0.680 meq/gd� ®:�Ð8. ¢(�� ®:�! � 4!

|}n~' qªZ" B !�' ë�" � 4� �d� #H�ÐJK,

�Ñõ�� B !�' $w� ®:�Ð8. '¡< õ�� ¢(�@ õ

;Z" 4!  !F:©.� ¢(���� 2Xs ³ '% F:©.`

'% �#�@ õ;�� |}n� 1
& �À� ��d� ��s8.

Fig. 5� 20oC
� ��RSWX< _�F:t0 ÂÃÄ� Zeta-��

� Ë�& é²< �'8. RSWX& �J &� ÂÃÄ� v�pH(PPZC)

� 3.1' 8. >, pH 3.1�()
� _�F:t0  !� �', ��

Fig. 3. pH monitoring of ACF-disc contained NaOH and HCl solution
at 40oC, 100 rpm.

Fig. 4. Adsorption isotherms of chemically treated ACF-discs. 

Table 1. Structural characteristics of chemically treated ACF-discs

ACF SBET�(m
2/g)Vt�(cc/g)Vm�(cc/g) Aver.�pore dia.�(Å)

KF-1500 1,614 1.06 0.83 14
KF-1500-HNO3 (20oC) 1,315 0.80 0.57 17
KF-1500-HNO3 (40oC) 1,560 0.70 0.64 18
KF-1500-HNO3 (60oC) 1,576 0.72 0.67 18
KF-1500-NaOH�(20oC) 1,460 0.82 0.59 15
KF-1500-NaOH�(40oC) 1,557 0.71 0.66 18
KF-1500-NaOH�(60oC) 1,568 0.71 0.67 18

Table 2. Surface acidity of chemically treated ACF-discs

ACF
Functional group�(meq/g) Total acidity

(meq/g)Carboxyl Lactone Phenol

KF-1500 0.044 0.487 0.314 0.850
KF-1500-HNO3 (20oC) 0.785 0.861 0.633 2.230
KF-1500-HNO3�(40oC) 0.668 0.614 0.344 1.626
KF-1500-HNO3�(60oC) 0.640 1.164 0.112 1.916
KF-1500-NaOH�(20oC) 0.012 0.542 0.125 0.680
KF-1500-NaOH�(40oC) 0.086 0.072 0.456 0.610
KF-1500-NaOH�(60oC) 0.060 0.128 0.392 0.580

Fig. 5. Zeta potentials of chemically treated ACF-discs. 
���� �41� �6� 2003� 12�
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Ö�� �', �� Ö�@ òN�� � � 48. ]¡` HNO3 /

NaOH�  ! WX�Ð� ÝT
� v��� pH� ãã 2.6, 2.2� '

N(8.  !WX
 ��� v� pH� 'NJ$ Zeta ��� » A �

� �� 7� �� ��	  !� �', �� Ö�� ®:�$ �',

�� Ö�� ë���� �|�¤ '¡< õ�� Blum� Henderson[14]

� ü)� �Ô<8. ÈP� �()* �',d� ��s ��µ�',

� ��' �� ('¥« �d� ��s8.

3-2. ���	
� �
�� �� ��� ��� ��� 

��
 �< �()* ��',� ����n²
�� �¥«()�

��� A �Å� |*8. �()d��� ÎrÏ ',� �����

�< ��< �¥« ()� ��& �Y�� �¥� ��< õ�& Fig. 6


 `m* 8. ]�d��� �¥«� Y(�J &À� ÝT
� 24�

ä� +,
�� ÎrÏ ',� ��è� 16%
 J`J &À8. ]¡

` NaCl �¥«� Y(< ÝT
� 0.05 N� �¥«��
�� Îr

Ï ',� ��è' Ä� ë��Ð8. ��è� �¥« ��� ë�



 ÈP ë��8� 0.2 N 'H' Z! 8� ®:�Ð8. '�� Na+

� ë�� Co+� ����� -	< �d� ��Z�E '¡< õ��

Lee@ Jung[15]' �$< õ�@ òÀ8. �<, Graham[16]' ����

� Ä�& Ë��.!� �� £!� Na+ / Cl−� ��� b
�� ã

',�
 æ< i� �( ����� �/� 	�< ñ 48. ÈP� �

¥«� ��� ���� #�
 |Ô� �Å� ',�
 ÈP 8É �

d� ��s8. 

Fig. 7� �¥« ��@ ����& �²�� 0J�$ ��RSWX

& �X�� 	�< _�F:t0 ÂÃÄ
 �< ÎrÏ ',� ��

��#�� é²< õ�'8. ]�d��� NaOH�  !WX< ÂÃ

Ä� ��#�� Ä� ë��� 0� +,�ä
 æ�-� ÎrÏ '

,� ���Ð8. å!
 HNO3d� WX< ÂÃÄ� WX�J &� Â

ÃÄ�8 ���� �1' ®:�Ð8. '¡< õ���� _�F:t

0� ��', ����#� B !� ë�@ »g" ��  !
 r

�< �#�
 �< �', �� Ö�� ë� �< ç9< �Å� |Ô

� �d� ��s8.

Fig. 8� NaOH WXs _�F:t0 ÂÃÄ� �(��& �X�!

� pH 5.0, 0.05 N NaCl �¥«()
�� ÎrÏ ', ��#� é²

< õ�'8. ]�d��� ��& ��J &À� �
� ��#�'

iæ 16%
 J`J &Àd` �� �(��� ë�3�Á ÎrÏ '

,� ��#�' ë��$ −0.2 V� �(��
�� 20�ä *
 100%

��' '°"(8. '¡< õ�� 0��� ���� ��;z� ��

� 	¶< b
[5]�8 �� T�< ��#� �'$ 48. <\, −0.3 V

� ÝT� 2� ����� −0.2 V� �(��
� ÄJK �ä' Ý

�

 ÈP 0Y< õ�& `m* 8. '�� �Ñ
 Y(< ÎrÏ

',� ��� '�E ���� ��«� 2���& ë��.! ��

��#�� �(��
 B3�� ë�3 �d� ��s8.

Fig. 9� ÎrÏ ',� ��< _�F:t0 ÂÃÄ��� �� �

�& ��� ÎrÏ ',� 2��� �Ñõ�& �� �'8. >, Fig. 8


 	�< −0.2 V� ��� 24�ä�^ ÎrÏ ',� ��< ÂÃÄ

& ÎrÏ ',' 	� 1 l� 0.05 N NaCl()
 â$ �� ��& �

�!� 2�� ��< õ� ]�� ò' 2� 2���� �T 4d¤

+0.7 V� ��
�� 4�ä�^ R 85%� 2�1� �Ð8. �å�d

� 2� �
� �� ��8 �� ?� ��& nf¥D <8� b


[17]@ �Ô�¤, '� ��& �3 ÝT ×�
 '�� �ä' �T Û

"�� � � 48. '¡< b
õ�~���  !WX _�F:t0

��� 5�< $²6
� ��', �()� b�d� ���.!�

�� �� ��& � ·2�� ���! �()d��� �¡ �J ��

',� ���d� 	¶3 � 4� �d� ��s8.

Fig. 6. Electrosorption of Co(II) on non-treated ACF-discs at various
concentration of electrolyte solution.

Fig. 7. Electrosorption of Co(II) on chemically treated ACF-discs at −−−−0.2 V,
0.05 N NaCl, Co=30 ppm.

Fig. 8. Electrosorption of Co(II) on NaOH treated ACF-discs at 0.05 N
NaCl, Co=30 ppm.
HWAHAK KONGHAK Vol. 41, No. 6, December, 2003



748 ���������������

on

rp-

tal

he

-

ce

on

ical

v-

ar-

ion

cti-

d

es

act

he

 of

cal
4. � �

_�F:t0& ¿N� ×� ÂÃÄ& K~$ '�� NaOH ��

HNO3�  !WX< ³ abî� bõ�$ �§& nf�!� �()

d��� ÎrÏ ',� �����7 õ� NaOH WX ÂÃÄ���

893K< ��& : 8. >, HNO3� WX�! F:��	� B !

�' ®:�$ ÎrÏ ',� ��
 �;' ^ Z� carboxyl ]Ê'

<' ´�Z d`, NaOH� WX�! B !�� Ë� 	$ carboxyl

�& �
< ¢(�~' ®:�� F:��	�  !
 �', �� Ö

�� ë��� s8. ' �', �� Ö�� ë�� v�Ì� zeta ��

& 'C" �',� +j� �� �U� ����� ('�� <8.

NaOH�  !WXs _�F:t0 ÂÃÄ
 �< ÎrÏ ',� ��

� ��� B��� ��
 B�� ����� 2� 'H ë��Ð8.

��� ��#�� �¥¨ �§è
 ·�d� ë��Ð$, 0.2 N NaCl

=J� �¥«� ��
 B3�Ðd` �¥«� ��� ��! �',

� Ý>d� ÎrÏ ',� ����� ®:Z� ÝÅ' 48.

� 


½ b
� 21}� ?@A"b
qrYø� �.©� J�� B��

�qrYø�� b
BJ©(#4-4-1)
 �¥ ��Z ØO8.
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