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��� �����	(ACF)
 1,100oC�� 
����� �� ��� ���� NO2 250-1,000 ppm, O2 0-10%, ����

30-70oC�  !�� NO2� "# $ %� &�' ()�*+. TPD ,-. DRIFTS /01� NO2 "#2' /0�*+.

ACF3�� NO24 56 7�� %�. "#8 89:;(, ����< 3=>?@ "#A.B� CD8 EF;1G H33

I�� NO2"#/%� J< K<�*+. NO2	LM�< K<�N "#7�O %�7� PQ EFR A.B ST UV TW

� �X�(, ACF< YZ( [4 ��B� \8 ]H^' _ ? [`+. a�M� K<4 NO2� "#7� K< $ %�7

� b�� �Xc4d A.B� CDV "#. e�< [f' �Xg`+. NO2"# h� TPD ,-�� ij�4 <k� O/

N lJ4 "#TW8 m?@ b��*1G ]Hn o� ?p�� ACF� "#q NO24 "#TW8 m?@("#r8 K<>

?@) sV at3I�� uV at3I� vtw' _ ? [`+. 8xn �,V DRIFTS yH��� z{|`+. NO2�

"#. %���� e��4 ��B' A}�~ ��� �x <Y ���� ACF�N� a�e�~ 2�O \'  ��*(,

8� T��� NO2� "#,-' n �. NO2� "#BV C=O8( %���BV vacant carbon8F4 �' z{�*+. 

Abstract − Adsorption and reduction of NO2 over pitch based ACFs as received and calcined at 1,100oC were studied in the

ranges of concentrations (NO2: 250-1,000 ppm, O2: 0-10%) and temperatures (30-70oC). Temperature-programmed-desorp-

tion (TPD) and Diffuse reflectance spectroscopy (DRIFTS) were also applied to analyze adsorbed NO2 species. Pitch based

ACFs showed rapid NO2 reduction and adsorption. A higher reaction temperature of 70oC decreased the ratio of NO2 adsorp-

tion to reduction in the stationary state and shortened the time to the breakthrough. Higher NO2 concentration increased the
rates of both adsorption and reduction to shorten breakthrough time, whereas oxygen changed NO2 profiles, by enhancing NO2
adsorption rate and decreasing both reduction rate and capacity. The mole ratio of O/N evolved from TPD decreased and con-

verged to a constant value according to NO2 adsorption time, showing that NOx species adsorbed on the ACF changed its oxi-

dation state from higher to lower one along with the time of NO2 adsorption. Such a trend was confirmed by the DRIFTS

spectra of the adsorbed NO2 over the ACF. To investigate active sites for NO2 adsorption and reduction, the amount and types

of oxygen functional groups were controlled by various pre-treatment. NO2 adsorption on these pre-treated ACF showed that

NO2 adsorption site was C=O and NO2 reduction site was vacant carbon. 
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 ��B0 �

�, I��!, �� #G0 ��% ��*+ l, �m ��I ��-


K:Q I��  = SOx lm, NO �� a%� �
2 �cI 0�=

��  -[1, 2].

b �c%5
 ̂ �� ACFO%5 NO2� lm� EF()% "� 30-

70 oC ��%5 ��*�-. ��Z NO2� ��I NO2� lm � E

F% ��
 ��% "2 � � Yr*�-. +¡ I� lmpe ¢j

NO2k lmp£ ACF% "� ¤P�~ � (Temperature Programmed

Desorption, TPD)Q Yr*+ ���
 IJ¥(NO, NO2, CO, CO2)Q

H¦ §�¨��© ACF��% lm& NOx� lmO�k ��*�-. O

#� p�% "� ª�(«o�� FT-IR§�Q *+ lm¬Q ­®*

�-. ACF��Q -¯2 no�� °}~*+ ��� ���t# ¬±

Z ¯Q ²³2 p�� NO2� lm � EF ()Q Yr*+ �/:�

¬±k ´µ*�¶ *�-. 

2. ���� 	 
�

2-1. NO2�� � ���� �	

NO2� lm � EF() � 8 ·¸ 10 mm x~�% 0.2 g� ^�

� ACF(¹b Osaka Gas Co. \G)k 150 mm º0� »°2 ¼½�

�H¾ ()#%5 Yr�¿-. ACF
 \G& O� À"�(OG20A-As

received)0Á� EF§�#%5 1,100oC� }~*+(OG20A-H1100)

«M*��! 0¥ p�% "2 �/Q Table 1% �Â·¿-. ()I

J� NO2Z O2
 ��k balance� *��! ()#% xÃ�# °%

ÄÅ�= ÆÆ 250-1,000 ppm� 0-10%� ²³�¿-. ()P�
 30-

70 oC ��%5 ²³�¿� ()# ÃcZ �c%5 NO��
 ��B

��, NO2��
 1pe ̀ �� IJ§�#(Yanagimoto Co. Ltd., ECL-

77A, Kyoto)% �� ÇH�¿-. ACF% lm& NO2� ¯8 Ãc%5

� NO2 ��Z �c%5� NO � NO2� �� Å�� g0��	 �

��¿-. 

2-2. 
� �
 �	(TPD)

TPD � %
 U¶� quartz()#k «M*��!, ()#·% 0.1g

� ACFk »°2 È 150oC, He§�#%5 1pe °}~*+ Y§ �

ÉÊ�Q \Á*�, OP%5 NO2k lmpË-. lm0 Ì�& È% O

P%5 He�� 1pe purge*+ �x� Í���% �~ lm& IJ¥

Q \Á2 È 20 ml/min He §�#%5 5oC/min� ¤P��� 1,000oC

Î� IÏ*�-. 0Ð 
��
 IJ $ NO, NO2, CO, CO2, H2Ok �

¦§�#� ÇH*��! calibrationQ Ñ*+ H¦§�*�-.

2-3. FT-IR ��

0.1 g� ACFk »°*+ 535 ppm NO2/He 20 ml/min� 30oC%5

lmp£ p�k \²*�-. lm °% 20 ml/min He�� 150oC%5

1pe, 30oC%5 ÆÆ 1pe¢j purgepÒ� lmpeQ 3-24pe�

� *+ p�k \²2 È KBr� ÄÅ*+(KBr/ACF Ó|Ô=200) §

Õ(<200 mesh)*�-. ÄÅp�k cell% Ö�*� Y§� CO2 peakI

_=� ÐÎ� ��� purge*+ "#� ��Q ×��*�-. ª�(

«o(DRIFTS)�� ÇH*��! 100% KBrQ reference� *�-. Ç

H²Ø8 scan 400, resolution 4 cm−1� *�-.

2-4. ACF� ��


ACF��% ��*
 ���t#¥8 ()� �/:�� ÙM*! À

¬±% 34 Ú?0 -Û ��� ���  -. b �c%5
 ACF��

% ��*
 "�B� ���t#� C=O#Z C-OH#� ¯Q ²³*

�-. ACF(1)Q 115oC%5 70% ���� 3pe }~2 È Ü±Y�

»§� �Ý*+ carboxyl#(COOH)Z phenolic hydroxyl group(COH)

I Þ�2 p�(2)k \²*��, EF§�#%5 1,000oC }~*+ �

�� ���t#I �~& p�(3)� 0 p�k G#§�#, 350oC%

5 1pe }~*+ C=O#I L8 p�(4)k \²*�-[3, 4].

3. �
 	 ��

3-1. ACF��� NO2� ��� �� ��

Fig. 18 OG20A-As receivedZ −H1100Q 0M*+ 500 ppm NO2/N2

k W/F=2ß10−3 gàminàml−1� ²Ø�� 30oC%5 10pe ¢j l

mp£ á�k �Ââ ���, NO2I xÃ& È 30§ 0·% NO� 


�0  = EF0 pÙ�¿ãQ ,+ä-. å2 0Ð lm� ¢p% q

r�= 8.5pe ¢j NO2
 ���� y�  -(OG20A-H1100). OG20A-

As received� ¸�%� x«2 ¸�Q ,0�  �� NO2� Ì° l

mpe0 æ-(6.5pe). �P%5 Ï}~�= ��� ���t#I B

8 X���% NO2I lm, EF��5 NOk 
�pÒ� ACF��%

C=O#k �/2-. +#% <I� NO2I lm�= ,- L8 ¯(ç p

e)� NO2I lmè Y  ãQ � Y  -. NO2I ���� y
 ¢j

� lm/EFÔ
 � 0.94� ¹H*!, ´�: 0È% lm � EF U

é êë� ì=¥� NO2I ���
 ¸�Q ,0�  -. 0
 ¹H p

e ¢j� lm% �� NO2I lm å
 EF�
 �/:0 êë� �

U�¿ãQ ,+ä-.

Table 1. Some properties of a pitch based OG 20A ACF’s

Item
ACF

Elemental analysis (wt%) Surface area
(m2/g)

Total pore volume
(ml/g)

Pore sizer
γ(Å)C H N O(diff:) Ash

OG20A-As received   95.5   0.9   0.3   2.8   0.5 1,894   0.81   5.3
OG20A-H1100  1 97.29 1  0.32 1  0.31 1  2.08 1  0.54 1,568 1  0.748   6.2

Fig. 1. Profiles of adsorption and reduction of NO2 over ACF.
ACF: OG20A-As received and −H1100, W: 0.2 gr, NO2: 500 ppm, W/
F: 2×10-3 g · min · ml-1, Temp.: 30oC, R.H.: 0%
���� �40� �2� 2002� 4�
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3-2. ����� ��

Fig. 2
 OG20A-H1100 ACFO%5 NO2� lm� EF% ��
 ()

P�� ��Q ,� ��� ()P�% ��_0 lm� EF8 x«2

¸�Q ,0�, ()P�I O¤?Yí ́ �:0 æW�! lm/EFÔ�

ì=î-. À¡� ´�:Î� EF& NO2� ï¦8 P�% ��_0 ¹

H2 ð(0.630-0.645 mmol)Q ,+ ACFO% ��*
 NO2 EF site
 ¹

H*! P�O¤% 34 EF��I O"B�� ñ4q-� �Æ&-. 

3-3. NO2 � O2 ��� ��

NO2� xÃ ��k 250-1,000 ppm�� ò�pÒ�5 OG20A-H1100

ACF, 30oC%5 NO2� lm� EF% "2 ��Q ��2 � á�k

Fig. 3% �Â·¿-. Àó%5 NO2� ��I ÜI?Yí lm� EF�

�
 ô6� ÜI*� 0% 34 ́ �:0 æ8 pe% �Âõ-. ö, l

m��I ñ4÷% 34 #G ·% ������ �Å�0 ]B�� 0

% 34 �/:0 ��% ø��� ù¨��© ()% ú+*� ù*

# Ðw0-. 0
 NO2� ��% ��_0 lm& ¯(Fig. 3� Àó%

5 �B% �û¨)0 Á� ¹H2 �%5� � Y  -. 

Fig. 4
 ����k 0-10%� ò�pËQ Ð� ��Q ��2 ���5

����I ÜI*� NO2� lm��I ÜI*� O"B�� EF��


 7�2-. ����I ÜI*� ACF��% ��*
 EF siteI NO2

� EF% �*+ lm site� òE�
 � Í% #O� ��% ��5�

lm site� òE�# Ðw� ��� ü`&-. +#5� � Y  ý0 NO2

� lm��I ÜI¨��© ́ �:� �ô0 ñ4�
s, 0
 lm��

� ÜI� �*+ �/:0 lm¬�� þ+ ()% ú+*� ù*# Ð

w0-. ����I  Q Ð
 lm/EF ��ÔI pe% 34 ô6� 7

�*�  
s (*+ ��I _Q Ð
 ÿ ò�k ,0� y
 �8 �

���I �Q Ð lm¬0 �/:Q þ
 ��I ñ4�# Ðw0-. 

3-4. TPD

Fig. 5%
 500 ppm NO2k 30oC%5 15pe ¢j lmp£ p��

TPD� á�k �Â·¿-. Uî IJ¥8 60oC ��%5�	 n��

Fig.2. Profiles of adsorption and reduction of NO2 over OG20A-H1100 at
various  temperatures.
W: 0.2 gr, NO2:500 ppm/N2,W/F: 2×10-3g ·min ·ml-1, O2:0%, R.H.:0%

Fig. 3. Profiles of adsorption and reduction of NO2 over OG20A-H1100
at various NO2 concentrations.
W: 0.2 gr, O2: 0%, W/F: 2×10-3g · min · ml-1, Temp.: 30oC, R.H.: 0%

Fig. 4. Profiles of adsorption and reduction of NO2 over OG20A-H1100
at various O2 concentrations.
W: 0.2 gr, NO2: 500 ppm/N2, W/F: 2×10-3 g · min · ml-1, Temp.: 30oC,
R.H.: 0%

Fig. 5. TPD spectra of OG20A-H1100 over which NO2 was adsorbed
for 15 hrs.
Adsorption: 535 ppm NO2/He 20 ml/min, Sample: 0.1 g, Temp.: 30oC,
TPD: 20 ml/min He, 5oC/min to 1,000oC.
HWAHAK KONGHAK Vol. 40, No. 2, April, 2002
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# pÙ*�� 140oC%5 NO2 ^�I \¹ �6 �Â�� NO, CO,

CO2(160oC)� Ê5� ^��k #í*�-. NO2� ^�
 2 �0¿

�� ��� /§¥8 2 å
 3�� ^�k ,0�  = NO2��8 �

�lm& /§%5 
��
 �0 WV4 �~lm& NO2 å
 �O

NO2� #�% �2 ��� ü`&-[5]. � % «M& ACF
 lm °

% 1,100oC%5 Ï}~& p�0�� n��
 COZ CO2
 NO2I

ACF��% lm, EFè Ð ACF��0 ���¿Á� ��lm& NO2

I NO� �mè Ð 	
q ��� �*+ 
��
 ��� � Y  -[6].

Fig. 6%
 NO2� lmpeQ 0-24pe�� ò�p£ p�% "2

TPD�  á�k H¦§�2 ���5 Æ IJ� ¯8 calibrationQ Ñ

*+ c*�-. �/& CO2� ¯8 lmpe% 34 ÜI*+ ¹H2

ð% Y�*
 ¸�0  
s, 0
 NO� ��¸�� ¹�*�  =

é /§e� O
��/Q Tp*�  -. ö, lm& NO2Z lm: X

�
 CNO3 ��k 0��  � À ¯8 ¹H2 ��� ü`&-.

Fig. 7%5
 TPD%5 
�*
 /§¥��	 O/N � Ôk W��

��� ��2 á��5 O/N � Ô
 lmpe0 � 10peÎ�(lm

� EF() � %5 NO2� ´�pe� ¹�)
 êë� 7�*-I

0È ¹H2 ð% Y�*�  -. ö NO2� lmpe0 º=�Yí O/

N � ÔI 7�*+ 9#% lm& NOxI �8 ��O�k I��  

ãQ � Y  -. 

N=NO+NO2 (1)

O=2(NO2+CO2)+NO+CO (2)

3-5. FT-IR

Fig. 8%
 KBr, ACF, NO2k lmp£ ACF� FT-IR §�á� �Â

â ���5 ª�(«o(DRIFTS)Q 0M*+ ÇH*�-. lm& NO2


 1,360� 1,384 cm−1� �Ú%5 2�� lY�k ,0�  
s 1,384

cm−18 NO3� asymmetric stretching vibration0� 1,360 cm−18 NO2I

multi layer å
 ��O�� lY�� ��� ���  -[7]. NO2�

lmpe0 º=�Yí 1,360 cm−1� lY�I 1,384 cm−1� À�,-

1�÷Q ,+ ACF��% lm& NOx
 lm9#% NO3� ��k I

�-I <I� lm�
 NO2
 �� NO2 å
 N2O4Z [8 dimerk

�/*
 ��� ü`&-. 0
 �%5 ,� NO2lmpe% 3Û O/

N � Ô� ò�Z� ¹�*�  �! Kaneko a0 0�B�� ­®2

�Z [0 �ø �#� #G·% #�§¶I �Ãè Ð micro pore filling

ôO% �*+ dimerI �/�# Ðw0-[8, 9]. 

3-6. ��
� �� NO2� ��� �� ��

NO2� lm� EF()% ��*
 �/:Q ´µ*# �*+, Fig.

9Z [0 +¡ I� °}~� ACF��� ���t# ¬±Z ¯Q ²³

*�-. \²& O� À ¶�� -¯2 ���t#I ��*
 ACFp

�(1)� 0k ��}~*+ -OH#I Þ�2 p�(2), 75 mmHg� qG,

EF§�#%5 1,000oC� Ï}~*+ ���t#I ��2 p�(3),

À~� 0k 350oC� ��§�#%5 Ï}~*+ C=O#I Þ�2 p

�(4)k \²*� NO2� lm� Q 2 á�k Fig. 10% �Â·¿-

[9]. Fig. 10(b)%5 ,
 �Z [0 HNO3}~*+ -OH#I Þ�2 ACF

%5
 ´�:Î�� pe0 Fig. 10(a)� As-received� À�,- ô6

� æW -OH#
 NO2� lm% �+*� ù¨Q ,+f�  -. 0Z


 ("� "�§� ���t#I \Á& ¸�[Fig. 10(c)]%
 ´�:

Î� �~
 pe0 5pe H� �K�� C=O#I Þ�2 Fig. 10(d)

Fig. 6. Amounts of gases evolved from OG20A-H1100 by TPD accord-
ing to NO2 adsorption time.
Adsorption: 535 ppm NO2/He 20 ml/min, Sample: 0.1 g, Temp.: 30oC,
TPD: 20 ml/min He, 5oC/min to 1,000oC.

Fig. 7. The ratio of O/N calcurated from TPD.
N=NO+NO2, O=2(NO2+CO2)+NO+CO

Fig. 8. The FT-IR spectra of KBr and OG20A-H1100 after various time
of NO2 adsorption.
���� �40� �2� 2002� 4�
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.,
%5
 �e æW÷Q ,0�  -. 0 á���	, ���t#I \Á&

vacant carbon% NO2I lm, EF��5 ��F¶k 	#| �� ��&

site%
 NO2I lm�
 mechanismQ <�? Y  -. å2 NO2� lm

:8 C=O0� EF�/:8 vacant carbon04
 �Q � Y  -.

4. � �

Pitch� ACFk 0M2 NO2� lm%5 EF()0 ¢p% qr�Q

��*�� NO2, O2�� � ()P�Z [8 òY� ��% "*+ �

�*�-. lmpeQ �~2 p�% "*+ TPD� � FT-IR§��

� lm¬0 pe% 34 �4�
 �Q ,�-. NO2
 C=O#% lm

*! 9#%
 NO3� ��� lm�-I 0¡2 lm:0 ���� #

G·% N2O4Z [8 ��� �~lm å
 ��O�� ��¨Q ��

-. å2 -¯2 °}~ no�� ��� ���t# ¬±Z ¯Q ²³

*� 0¥ p�% "*+ NO2lm� Q ¨��© lm%
 C=O#I

�/:�� ÙM*�, EF()� �/:�� vacant carbon0 �+¨

Q ��-. 0O� [8 á���	 ACFO%5 NO2� lm� EF(

) mecahnismQ W�Z [0 \p*�-. 

ACFO% ��*
 vacant carbon%5 NO2I lm, EF��5 #O

� NOZ 2 �� ��F¶k ��% 	
 C=O#k �/*!, +#%

NO2I lm��5 NO3k �/2-. lm& NO3
 ��2 NO3% �

�k \G*�5 #O� NOk n�2-. lm& NO3I ���� <I

� xÃ�
 NO2
 �~lm� �� å
 ��O�� #G·% ��*

� 0¡2 lm¬0 #GQ  �|�� lm� EF0 êë� 7�*

�5 ´�:% 0�|&-.

����
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