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� �

����� �� �	 
�� �� 
����� �� ��� ��� 17.0 wt%�� 22.4 wt%� �����, ��� ��

� 1.9 wt%�� 2.7 wt%� �����. �� �	  !"# $%�& '%�� 
������ (�)* +,-./ 0�1

23 456 � 78�. �� '%)9 :� 
������ 0�12� 0.631 meq./g;< =�&, 1 M NaOH �>�3  

!"� �� '%? 
�����* 0.762 meq./g, 1 M H2O2�>�3  !"� �� '%? 
�����* 0.824 meq./g

� �����, @A phenolBCD EF �����. NaOH� '%�� phenolBCG �����, H2O2� '%�� phenol

BCD HD, carboxylBCD IJ �����.

Abstract − The oxygen and the hydrogen contents of activated carbon fibers increased from 17.0 wt% and 1.9 wt% to 22.4

wt% and 2.7 wt% by oxidation with ozone in liquid phase. The amount of functional groups and total acidity could be con-

trolled with initiators of ozone decomposition reactions. The total acidity of ACF ozone treated in NaOH solution and H2O2

solution increased to 0.762 meq./g and 0.824 meq./g respectively, while that of non-treated ACF was 0.631 meq./g, and par-

ticularly the phenolic group increased. The phenolic group only was developed when ACF was treated in NaOH solution, large
amount of phenolic group and some carboxylic group were developed when ACF was treated in H2O2 solution. 
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1. � �

����� ��� 	, 
�, �
 ��� �� ���� ��� ��

� ���� ���� ��  !"� #$  !%& '(�� )*+

, - ./. ����� ����0 1� �234& 5234�� 6

708, �2349 	�� �:� ;< 34+= ����� ���

>"$/. ?@6 -)�, �	��� ?�A �
& B9 	�� �:

� C�$ AD�E� 349 FG HI�� JKL� MN� OP, �

���� &QR� ST+U�V $/. �� 3�� 	� ��$ 52

	�6 �
� KL� ��$ 52�E� 	�349 D��W 34�

XYOZ� ��� &QR�6 ��� JKL* [\6] ^0/[1].

�
� ��$ 52	�349 34_"� #$ �
� �`a 	�

� bcd/[2, 3]. �
9 e%$ 	�f(standard oxidation-reduction

potential, Eo: +2.07 V)�E gh� ij� '(�� k9 3� h�i

j� #$ 349 2lm no �p� qA ./. ?@6 �
� -�

5 2r�E KL+U� stT�_"� hydroperoxy radical(HOOu)

& superoxide radical(uO2
− )� v�$/. ��9 /+ �
Kwx 34

�� ozonide radical(uO3
− )� sty�� z{ hydroxyl radical(uOH)�

v��W O08 � hydroxyl radical(uOH)9 �
|/ } e%$ 	

�%(Eo: +3.06 V)� *]P, ~�_&� 34� #�m ��/. �$ K

w�� ij2r� #$ '(�� ��P ���E0 �m� �
|/

�/. � hydroxyl radical(uOH)� ���� 52� 
��0 ~�_�

6 �� �@ *] _"� ���0 ��� AOP(Advanced Oxidation

Process)�A $/[4]. �
� KL�V0 pH� �W ��� �08, �

�9 -	� �D(OH−)� ��� �
� ��� KL � - .0 ��

(self-decomposition)� *]� ���/. ��9 �
� 	��E0 �

�a ���6 ������ �-� KL�V* ��]� ���/[5].

Fig. 1� �
� w* �D� &�� 6���/.

�
� hydrogen peroxide* }L]0 yG, ��� 34�& B�

hydrogen peroxide�  
�(conjugate base)* electron transfer� �L

ozone� KL+UW d/.

H2O2 H2O+ HO2
− H3O++→

O3 HO2
−+  HO2  O3

−⋅+⋅→
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[� uO3
− � T�O� ¡� yGx ¢[$ &�� z{ uOH �£

�� v�+UW d/.

¤ ¥¦� §a9 ¨y�©Kª�E «�¬ �©� �­OA .0

AOP ®¯�© s ozone/OH−, ozone/hydrogen peroxide(H2O2) 34�

���� -�52�E �
� KL+° ± hydroxyl radical� ST+

UA, �� ���� ²³� «�¬ �´� ��  !f� �µ$ ��

��¶~(activated carbon fibers)� ��� ��·��¸ ����¶~

� �� ¹�� ~V�A �� �º52�E�  !��� 4���

~�$ _"� K�º�f6 ­» ~L_"� fz �� C��� ¡

$ �¼�  !f� >S� ./.

2. � �

2-1. ���� � ��

�
 �� ½¾� C�d �¿0 ÀÁÂ ����¶~(KF-15, Kuraray

Co., JAPAN)�P, �
 	���� ��d µÃ0 Fig. 2x B/. �


ST� ¡$ gas0 	�(ÄV 99.99%�2)� C��ÅA, ~ÆÂ� �

��� ~´O0 Æ� ÇÈ�Å/. �
 ST�(MODEL 500, Germany)

�E STd O3& O2� Éj�:0 �
 KÊ�(MODEL H1-S, U.S.A)

� |�]P O3 ËV� 0.1 g O3/m3 inert O2 gasÌ] Í��Å/. Éj

�:0 34�� ��Î�� ~´OP K	�� �L -�52� ÏA

Ð K	d/. 34��0 �
� KL� ¡$ >+f(initiator)� C�O

0 NaOH6 H2O2-�5� ¶~x ·Ñ Ò� ÓÔ ÕÖ/. 34�0

×DÇ� �L 30oC� ~]+Ø/. ����¶~� ����0 �
�

KL34� C�d NaOH6 H2O2� ËV� Ù�$ -�5�E 1+t

¢� 34+Ú��¸ �Ð\Û/. 52	�34 ± STd �:0 CO2

KÊ�(Hoddesdon, Serial No.: SB326-11032, England)� Ü&+= S

Td CO2� ËV� KÊ�Å/. 34� »id ± 34� ��� ÝÞ

�
9 "�(ÄV 99%�2)� Ü&+= fz�Å/. 34�� 6*0

�:0 ����¶~  !Çx CCl4  !Ç� 2�Â �
  !Ç� z

{  !, KL+° ± hood� ÜL ßà+Ø/. �
 	� ��d +¿

0 �` )Þ-� C��� - `á -â�Å�P 110oC� ãÇ��

E 24+t �2 ãÇ+Ø/.

2-2. �	 
�� 
������ �� ��

�@ *] Çã�E �
 ��d ����¶~ ä M¿ ����¶~

� ¦Ça ��� åæ|� ¡L 77 K�E "�(N2) �:  !� �$

�D ºç!è'� ���a Í�µÃ(Micromeritics, model ASAP

2010)� C��� Í��Å/. �D !è'���é ���a& êâ

��ë� ¦�ÅA, Òâ��ë0 αS-ìí[7], îïâ�;y9 BJH�

[8]� ���� ¦�Å/.

52	�34 ±, ����¶~� ��� V´d ­ M�� ¹�Æ�

åæ|� ¡L M�KÊ(elemental analysis)� -Y�ÅA, �� ®¼�

� ¹�0 FT-IR� C��� ðN�Å/. FT-IR spectrum9 ñ 0.5%� +

¿� h·$ KBr òó� C��Å�P � òó9 Í�O� ô� 393 K

DV�E 12+t ãÇd ± scan 128õx resolution 4 cm−1� Çã�E

Í�O�/.

M¿ ����¶~x ­­� Çã�E �
 ��d ����¶~�

��� 
��0 	� �j_� �$ ��	V0 boehm� 
�s�í

[9]� C��� Í��Å/. 
�s�í9 �@ *] 
�� �5� '

( s� �"� ��·��¸ ��:� ��� 
��0 	��j_�

�ÆKÊ� �0 ìí�/. ö, sodium bicarbonate(NaHCO3)0 e	�

carboxyl�� s��P, sodium carbonate(Na2CO3, pKa=10.25)0 carboxyl

�x ñ	��N lactone�� a��08 C�÷ - .�P, sodium

hydroxide(NaOH, pKa=15.74)0 carboxyl�, lactone� ä phenol��

s� ÷ - ./. �$, sodium ethoxide(NaOC2H5)0 2� â »Þ�

	� ®¼� ø� carbonyl�� s� ÷ - .�Z� NaOC2H5� �$


� s�¼�  !f ��� v�d ê	V� 6�ù/. ?@6 ��

:� ��� v�O0 #�K� 	�®¼�0 [3a�� carboxyl�,

lactone� ä phenol� ��� ��ú ./. û�E NaOH� �L s�

d 	Vü� �� ®¼��� ê	Vü�� b��Å�P, ¡� â *

] 
�� �L a�d ü� `���é ����¶~� ��� T�

d �� 	��j_� ý� i��Å/. �� ¡L /þ â »Þ� 0.1 N


��5(NaHCO3, Na2CO3 ä NaOH)� C��Å�P ÿ�E ��d

+¿ 1 g� 
��5 100 ml* ÓÔX 250 ml ��� �*�A, 48+t

¢� X��� îv� VÙ+Ø/. �� O2� 
�� NL 
�* �F

� ���� +¿* w¢	�(auto-oxidation)O0 �� ì]�� ¡L

N2 gas� Ü&+UP -Y�Å/. �5� �Ã$ ±, 0.45µm� ���

�� q0 polyethersulfone membrane filter� C��� �&�Å�P,

�� 2�5� 0.1 N HCl� ��L a�µÃ(682 Titroprocessor and

665 Dosimat, Metrohm, Swiss)� a��Å/.

Fig. 1. Decomposition mechanism of ozone[6].

Fig. 2. Schematic view of experimental apparatus.
1. N2 gas 9. Activated CF
2. O2 gas 10. Solution
3. Flowmeter 11. Thermostates
4. Ozone generator 12. Pump
5. Ozone generation controller 13. CO2 analyzer
6. Ozone analyzer 14. Ozone adsorber(CCl4)
7. Control panel 15. Ozone adsorber(ACFs)
8. Reactor 16. Hood
���� �41� �3� 2003� 6�



�� 
�� ��� ������� �� �� 309
�
 �� ôu±� ����¶~� ��v2 ¹�� ®��� ¡L

1Côw�Òy(SEM S-2350, HITACHI)� C��Å/.

3. �� 	 
�

3-1. �	 
�� 
������ ��� ��

Table 1� �
 ���] ^9 ����¶~x 1 M NaOHx 1 M ä

3 M H2O2 >+f�5�E ­­ 1+t� �
 ��$ ����¶~�

¦Ça ��ü� ���Å/.

½¾� C�d ÀÁÂ ����¶~�9 �	 
9 2#�%�E "

�Kw� ��m  !�A 
�\ îv� VÙO\ ôvaN Type I�

�D !è'� vr� 6���/. ���é ½¾� C�d �� ��

��¶~�9 ��� 20� ��� Òâ�� SÙO\ .�� � - .

�/. "� �D !è'���é B.E.T.�� ���� ¦$ M¿ ��

��¶~� ���a9 1,516 m2/g���P, 0.72 cc/g� êâ��ëx

13.0�� îïâ�;y� *]A .0 ��� 6��/. �@$ i&�

�é �Ò �9 â�� �
 �� ô� SÙO\ .�� ðN�Å/.

M¿ ����¶~� �
 ��$ i&�E0 H2O2� >+f� C�

�Å� �, ���a� )*x }g\ êâ��ë* ñt )*�Å/.

�0 Donnet[10]� i&�E�� ����¶~ ��� ��Mw*

uOH �£�& ;< 34�� 	����¸ CO2� Oz6 -�5�

�0 KLT�_� ô¨O0 ��� ��OP, � KLT�_� ¥�a

�� 	�O\ CO2* ST���¸ ���a ä êâ��ë* )*O

0 ��� ��d/. CO2� ST9 Fig. 6�Ex B� ��� lactone

�* phenol�� ¹��E ST�0 ��� T­OP Table 3& B�

phenol�� )** �� bcL �/. $ó, êâ��ë� )*0 #�

K Òâ��ë� )*� �$ �N8, ��9 �
� KL� �L T�

d uOH �£�� ����¶~� ��� «�� Òâ�� T���

���� ��d/. êâ��ë* )*·�V îïâ�;y� z� ¹

�* �0 �� ��� bcL �/. i�� A:� ��9 Hw i·

(lattice defect)� *µw�� ¦Ç�� Mw ß¡x0 /�/A ÷ -

.08 ��� Mw0 /þ M���6 �j_& 34÷ - .0 gh

� ij� q� ���/. �� NL ����9 g��a�P free

valence� v��� 34�� FG � ��� ��ú ./[1]. 52�E

� 	�34� �L �; ���� SÙ�] ��A �� .0 ���

(active site)� ���� SÙO0 [¯� &�� �A .�� � - ./.

�$, 1 M& 3 M H2O2 -�5� >+f� C��Å� �� ���

�, 3 M H2O2� C��Å� �� ���a& êâ��ë* 1 M[ �

|/ } �W 6��A, îïâ�;y� �Û08, ��9 3 M H2O2 -

�5�E �
� } HI�W 34�A �� &Æ�� T�d uOH �

£�� «�� Òâ�� T��0 ��� ��d/. �� #$ �ð$

KÊ� ¡LE0 10−6 �2� 2#�%(P/PO)�E Í�$ "� !½¾

���é �\X data� ���� Òâ�(micropore)� � #$ ! }

wâ$ ����Kh� ¦Lª" ÷ ��� ��d/.

�x0 /�W 1 M NaOH� 34 >+f� C��Å� �0 ���

a� #�$ ��� 6��/. �0 	� �� �Â�E H2O2� C�

�Å� �x B� uOH �£�� �$ 	�&�� zÃW O]", >

+f� C�d NaOH� sodium ion� "�(N2) �:* ½f�  !�

- .0 Òâ� ´¦� [�� $���¸ ���a� #�� %�$

��� ��d/. Kuticsx Suzuki[11]0 52 �����E V´O0

���j_� �L Òâ� $& �2� ST�� ���a� #�$/

A |A�Å/.

Fig. 3& B� �
� �$ ����* ÀÁÂ ����¶~� ��v

2� 10 '&� KÊ�� ¡�� 1Côw�Òy(SEM)�� ®��

Å/. (a)0 �� ��O] ^9 ÀÁÂ ����¶~� ��� (�$

�N8 îïâ�� ��* 20�Ò"�� ��� Òâ�� ®�÷ -0

�]" |óa�� F)$ ��2r� * - ./. �
9 �� ��:

� gh� ij� #L ;<aN 	����� ��� ïJ�2� "

+0 ��� |A OA .�6, H2O2 �5�E �
�� ��$ ��

��¶~� ��9 (b)x B� ô:a�� ï[$ �ý� |�A .�

P ñt� ,� S-O\ ����¶~* uOH �£�� ï[$ ��

� �Ö�� |�1A ./.

3-2. �	 
�� 
������ ����(elemental analysis)

Table 2� �
 ���] ^9 ����¶~x >+f� Ù��� �


 ��$ ����¶~� #$ M� KÊ(elemental analysis)i&� �

Table 1. Textural characteristics of non-treated ACFs and ozone treated ACFs

ACF
Surface area [m2/g] Pore volume [cm3/g STP] Average pore diameter [Å]

SBET Smic SEx Vmic Vtotal dBJH

Non-treated ACF 1,516 1,508 8.2 0.68 0.72 13.0 
Ozone treated ACF in 1 M NaOH 1,364 1,354 9.8 0.54 0.60 12.7
Ozone treated ACF in 1 M H2O2 1,652 1,645 7.3 0.74 0.78 13.1
Ozone treated ACF in 3 M H2O2 1,706 1,697 9.6 0.76 0.80 13.2

Fig. 3. SEM photographs of surface of phenolic based ACF (a) non-
treated, (b) ozone treated in 3 M H2O2 for 1 hour.
HWAHAK KONGHAK Vol. 41, No. 3, June, 2003
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te,
��Å/. Table 2� 6�ù .x B� 1 M NaOH� >+f� C�$

yG, ��(C)� ·Æ9 76.4 wt%�E 71.1 wt%� #��Å/. �� 3

LE 	�(O)� ·Æ9 17.0 wt%�E 22.0 wt%� )*�Å/. 3 M

H2O2� �
� KL >+f� C�$ yG� .\E� ��(C)� ·Æ

¹�0 −6.6 wt%N 3�, 	�(O)� ·Æ¹�0 +5.4 wt%� 1 M NaOH

� >+f� C�$ yG|/ ? ·Æ¹�* } //. �0 	�(O)�

·Æ)*0 ��:� ��� 	�Mw* V´�� û� )*O0 ��

P, -�(H)� ·Æ)*0 _ �� 
��0 -�* �
KL&��E

uOH�£�� vr� ô¨O\ 	�x ·Ñ phenol�x B9 �� ®

¼�� V´Oz6 /þ vr� ��: ��� V´O0 ��� ��

d/. �$ ��(C)� ·Æ#�0 �
 ��� �L ����¶~� �

�� .0 �� Mw* �
 ��� �L CO26 -�5� �� - .

0 st KL T�_� ¹$/0 �� �Ò$/.

�� M��� #$ ·Æ¹��E H2O2� ���� ����¶~�

���Å� �* NaOH� >+f� C�1� �|/ ·Æ¹�* } �

W 6�60 �9 �� >+f�� �$ �
� KL34�V� `�

�E [`aN MN� 2� - ./. Hoigne �[12, 13]� H2O2�  


�N HO2
−* -	��D|/ �
� } ��W KL+U0 initiator�

��$/A �Å08, [�+t¢� ����¶~� ��� 52 >"

�Å� � 6�60 ����¶~� ¦�M�� #$ ·Æ¹�0 KL

>+f� �$ �
 KL 34�V� �W ��� �0 ��� ��d/. 

3-3. �	 
�� 
������ FT-IR��

Fig. 40 �
 ��O] ^9 ����¶~x 3 M H2O2 �5� �


KL34� >+f� C��� �
 ��d ����¶~� FT-IR

spectrum�/. 3,450 cm−1 �³� � ë�0 ÀÁ�� �� ë�� 6�

�0 ���E �x ¥®d phenoxy ¦Ç�E� hydroxyl ®¼�� 3

4 ¬¢(bending mode)� #$ ë�* 1,100-1,300 cm−1� �³�E 6

�6A .0 ��� ��OP, � 5¡�E� ë�0 �ø�V C-Ox C-

C ij� �6¬¢(stretching mode) ?�A −CH2� 34 ¬¢� #$

ë�* 6�60 ��� ��ú ./[14]. 3,300-2,800 cm−1 � � ë

�0 ����¶~� ��� 
��A .0 aromatic ¦Çx aliphatic

¦Ç� �ÐA .0 ��Mw* -�Mw(H)x ijd vrN C-H ®

¼�� �6¬¢� �7� 
��0 O-H ë�x s8O\ [\60 i&

� ��OP 700-900 cm−1 � �E� ë��9 C-H ij� out-of-plane

¬¢�� NL 6�9 i&� |�X/[14,15]. 1,700-1,800cm−1 �³� ë

�0 ketone, aldehyde, −COOH� −C:O ®¼�� �6¬¢� #$ ë�

� |�]P[14-17] 1,560-1,590 cm−1 � � ë�0 −COO−� #$ ë

�� ;Íd/.

�x0 /�W 1,600 cm−1 �³�E�  -#x 1,100-1,500 cm−1 �

 �E� <=$ ë��� #L Ja�� ��$ carboxylo-carbonate

¦Ç� 
�� N$ i&�E |0 -LV .�P, � carboxylo-

carbonate� ¦Ç0 /þ >A�?� @ 6�6 ./[17].

����� .\E� Ja�� ��$ ®¼� ¦Ç0 silicars, aluminas,

zeolites ?�A metal oxides �� ���E CO, CO2 ?�A ~� �

j_��  !�2� #$ ¥¦&��EV �9 ¥¦w�� �LE ®

�O�/. �� ¦Ç0 A: ��&� ij 2rx ®¼�� ¦Ç� �Ð

0 Mw�t� ijâ�� û� monodentate carbonate, bidentate carbona

organic carbonate, free carbonate ion ��� ¦KO08 ­­ A~$

IR Aµ� û� �6¬¢, #B ä �#B X¢ �� �W OP, ��

û� 1,020 cm−1�E 1,780 cm−1 C�� aø' Aµ � �E <=$

 - �CD�� 6��W d/.

��� ÀÁÂ ����¶~x �
 ��d ÀÁÂ ����¶~�

��� 	�®¼�* �@ vr� 
��A .]" �W carboxyl�,

lactone�, phenol�� â »Þ� KÞ÷ - ./[18]. ?@Z� �� â

»Þ� ®¼��� #L boehm� 
� s�í� ��$ �ÆaN KÊ

� -Y�Å/.

3-4. 
������ ��� 	���  �!"#� $%� ��

Table 3�0 bohem� 
�s�í� �$ M¿ ����¶~x �


��d ����¶~� ��� 
��0 	�®¼�� �ÆaN Æ�

6���/.

��� _���a �"(wettability, catalysis, electricaluchemical reactivity,

surface energy�)� ��� 10 ��� ®¼�0 	�®¼�� sE

�� 	� ��	�_& 
�� ��	�_� 6F - ./[19, 20]. 	

� ��	�_9 carboxyls, phenols, lactones, acid anhydrdes �� .

08, ��9 G-�� qA .\ _ ��E ��d K	� $/[21].


�� ��	�_� >H9 Radovic[22]� �LE ���� +�O�

08 Ð�� 
�C�D(lewis type basic sites)� N�OA ./. I¤

��� 
�� ®¼�� #$ ¥¦0 	� ®¼�� ��� �� �Ð

\]] ^� ²³ �� #$ ¥¦* Â� XYOA ./. Fig. 5� ��

��¶~� ��� SÙO0 ��	�_� 6���/.

�� ��O] ^9 ����¶~x �
 KL >+f� Ù��� �

�d ����¶~� �¡ JWl s�d 	�®¼�� ê	Vü9 M

¿ ����¶~* 0.631 meq./g, 1 M NaOH� >+f� $ �9 0.762

meq./g, 3 M H2O2� >+f� C�$ ����¶~� #$ ü9 0.824

meq./g��, �
52	�34� �LE M¿ ����¶~|/ ê	V

ü� )*$ ��� 6��/. $ó ­ 	�®¼�� »Þ� û� åæ

|� e	�N carboxyl�0 ��O] ^9 ����¶~�0 0.104

Table 2. Elemental composition of phenolic ACFs before and after ozone treatment

ACF
Elemental analysis (wt%)

C H O N S Ash

Non-treated ACF 76.4 1.9 17.0 1.3 0.1 3.3
Ozone treated ACF in 1 M NaOH 71.1 2.0 22.0 1.4 0.1 3.4
Ozone treated ACF in 3 M H2O2 69.8 2.7 22.4 1.2 0.1 3.8

Fig. 4. FT-IR spectra of the ACFs. (a) non-treated phenolic based ACF,
(b) ozone treated phenolic based ACF (3 M H2O2).
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Fig. 6�0 ¡�E bc$ uOH �£�&� 34� �LE lactone�

KLO\ phenol�x carboxyl�* v�O0 &�� Pñ�� V+�Å

/. ����¶~� �
 �� &��E STO0 CO20 Table 3�

lactone� ý� �
 �� +t� û� �W #��0 ��� |� ��

� uOH �£�& 34�� phenol�* v�O0 &��E ~àO0

��� ��d/. Fig. 7� �� +t� û� 34���é ~àO0 gas

s� CO2ý� %� 6���/. �
 ��+� Q RS �Â�E� T

�$ CO2� ST9 ��: ��� 
��0 �@ ®¼�� �0 34

� �� s�E lactone�* 1� hydroxyl �£�(uOH)& 34��
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����¶~� NaOH�5� >+f� �
 ��$ i&, ���a

& êâ��ë0 #��ÅA, H2O2 �5� >+f� �
 ��$ i&,

Table 3. Surface acidity of ozone treated phenolic based ACFs

ACF
Surface functional groups [meq.· g−1]

Total acidity [meq.· g−1]
Carboxylic group Lactone group Phenolic group

Non-treated ACF 0.104 0.241 0.286 0.631
Ozone treated ACF in 1 M NaOH 0 0.047 0.714 0.762
Ozone treated ACF in 3 M H2O2 0.117 0.015 0.692 0.824

Fig. 5. Surface functional groups of activated carbon fiber.

Fig. 6. Deformation of lactone groups by hydroxyl radical ( · OH). (a)
formation of phenolic groups, (b) formation of carboxylic groups.

Fig. 7. Concentration of CO2 in effluent gas after ozone treatment.
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