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Abstract

The specific adsorption behaviors of activated carbons (ACs) treated with 30 wt% H3PO4 or NaOH were investigated
in the removals of NO or NH3. The acid and base values were determined by Boehm's titration method. And, the sur-
face properties of ACs were studied by FT-IR and XPS analyses. Also, N2/77 K adsorption isotherm characteristics,
including the specific surface area and micropore volume were studied by BET and t-plot methods, respectively. From
the adsorption tests of NO and NH3, it was revealed in the case of acidic treatment on ACs that the NH3 removal was
more effective due to the increase of acidic functional groups in carbon surfaces. Also, the NO removal was increase
in the case of basic treatment, due to the improvement of basic functional groups, in spite of significant decreases o
BET's specific surface area and total pore volume. It was found that the adsorption capacity of ACs was not only dete
mined by the textural characteristics but also correlated with the surface functional groups in the acid-base intermolec
ular interactions.
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i! 2N ¤> l®' �1 2� �¯	#. 	}� �m�

C� /°±�, �m; �¯, j²1 �m;� ¯S! ³5 #

�� 8 `�� ��� ¤� � ´°B µm�� ¶·� �

¸¹` º �}i!» #��> ¼´0N *��, /°¥ �

m�C�  `' ½¨�� l¦ 9V(a ¡¢ � ¾¿À�

¡¢ º! Á² x£0N) *#[1-4]. 

op��7 �m�� ¡¢mªn ´°� +m� �m�C

 `� �} �ª�! �V �¯¥#1 ÂÃ) 2��, /N

�1� �� 9V(a� m¨! ³5 ´°� +m � �m�

C  `� �ª�B /N�#` �� ^_§¨� /©� ÄÅ

¶·�, ¶·ÆÇ º ¶· C� i!» ÈÉ� :;� ��

� �8��7S x£Ê A 2' Ë	5 ÌÍ¥#[5-8].

j}4 �} ¼´!S �´�1 �m�C� ´°� +m �

 ` �ª�( dm, _�m 9V(a! �� ¡¢mª! Q

Î� ÏÐ! �V»� [Ñ � ;0D �� �¯	#.

³5» u ¼´!»�, 9V(a� ¡¢mª' Ð��Òn

§Ó �m�C� ´°� +m �  ` �ª�( NO � NH3

� ¡¢mª! QÎ� ÏÐ' HÔ¶1� �m�C! ;��

�7  `Õ² ��#.  `Õ²¥ �m�C�  `+m � �

�+m Ö;B ll FT-IR, XPS � N2/77 K º×¡¢��'

Ø�� HÔ¶Ù1 9V(a ¡¢��n GC� ÚD�' 	£

����, �m�C� ´°� +m� �m�C  `� �ª�

B ¾k�7 1Û��#.
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s
¡¢/7 8 × 16 mesh ¤�� ÜÝ;�Þ!» /°� Ë' x

£��#. ß� Õ²�D àn �m�CB �fA! 2~3áâ

�ã� ~ ä 80oC oven!» 24�U 	� z°�� �8�

�#.

;��  `Õ²� ll dm £å(30 wt% H3PO4)� _�

m £å(30 wt% NaOH)' 	£�� �×!» 24�U æç Õ

²����, ll AAC, BAC, QÕ² ��n VAC51 &&

��#.  `Õ²¥ �m�C� Soxhlet èÎB 	£, [�é

�7 2�U æç �ã�� �ê§' /©� ~ #� �fA7

�} ] �ã�1 90oC z°�!» ë� z°�ì #í  

`Ý � dm, _�m (a� ¡¢��! x£��#.

���� � �� ��

ASTM D 3838! ��� z°¥ �m�C ä 0.5 g! �f

A 20 mlB (�� �8� 3½� îï' 12�U 	� ðñ�

~, l £å' ���ò �ºå� pHB ó¯��#. ll� �

� `! µm¥ dC ;ô§! ��  ` dS � _�S�

Boehm	 �S� õö ¾;÷[9]�7 ó¯��#. ß�  `

dS� ó¯n 0.1 N NaOH £å 100 mlB ï5a¤! L�

~, �m�CB ll 1.0 gø ¯c� ó¯�� l ï5a¤!

ù(��#. 48�U 	� ðñ�� £å' ¯Î� ~, 4oÓ

  membrane filter(φ = 0.45µm)7 ���� j �ºå 20 ml

B 0.1 N HCl £å�7 �¯��#.  ` _�S� ó¯S ú

� ûn �¯! ³5 ð�����, �� ù( £å� �¯ £

å' ll ü��� x£��#.

;��  `Õ²¥ �m�C�  ` �ª�� Ö; aýÇ

þ' cT�� ��� FT-IR ®�(Hartmann & Brawn Model

Bomen MB 102)B ÿx�� 400~4000 cm−1�!» KBr÷�

7 ó¯��1,  `Õ²¥ �m�C  `� ;�� °mn

XPS(ESCA LAB MKII; VG Scientific Co.)B 	£�� Ý

��#. XPS ó¯! x£¥ Xõ ®±n MgKαB 45o lS7

x£����, chamber�� �«n 1 × 10−9 torr7 °���#.

���� ����� ����

l ���n 573 K!» �f �«' 10−3 torr 	�7 9D

� ��7 ä 10~12�U 	� ���ì ~, ASAP 2010

(Micromeritics)' 	£�� 77 K!» ���«(P/P0)! ³	

N2 ��� ¡¢R' ó¯��#. 8 `�n BETb[10]' 	

£�� º×¡¢�7
� ´��1 t-plot�7
� Q����


hB  d����[11], ��IS� Horvath-Kawazoe �

[12]' 	£�� �¯��#.

���� �� ��� ��� ���  !��

NH3 ¡¢��n ÚD�(range: 1~1000 ppm)' 	£���

�, NO ¡¢��n � I�Ú��(TCD)( è¢¥ (a¤7

��j��(GC; S�TaÇ�ßÇ, DS 6200)7 ���#. NO

¡¢��� p��� ×S� P.I.D. ×S/N�(UP-350,

Yokokawa)B x£�� 400oC7 o¯�> 9D��#[13]. NO

� NH3 (a� 9Àn M.F.C.(mass flow controller; range:

0~100 sccm, GMC1000, MKS)B x£�� o¯�> 9D��

��, Ý  l ���n p�� �!» A' /©��1,

300, 600 j²1 1000 ppm�  �(aB 	£�� l ���

¡¢mª' ó¯��#.
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Table 1n ;��  `Õ² ~, �m�C  `� pH � d-

_�S� Ö;B 4�� Ë�7», Õ²�D àn �m�C�

�� pH� _�m! (�� ¾m' 4�����, H3PO47

Õ²� �m�C� �� dS( D��	�1 pH� dm' 4

���#. p` NaOH7  ` Õ²� �m�C� ��� dS

S äU �(���4, ����7 _�S( D��	N» pH

� _�m' 4���#[14].

Figure 1n ;��  `Õ²~ �m�C�  `�ª� Ö;

B 4�� FT-IR spectra	#. Figure 1!» ¶� �� û	

AAC� �� 3630~3210 cm−1 ��!» O-H j 	 �:��

Ë' cT@ A 2���, 1800~1650 cm−1 ��!» !é�

"#ðæh¤�, 1650~1600 cm−1 ��� �} d�! �T¥

"#ðæh¤, 1600~1450 cm−1!»� C=C ̧ Ð$ 1²;ô

§� "#ðæh¤ � 1257~1100 cm−1!» C-OH Â%&�

Table 1. pH and Acid-base Values of Chemically Treated AC

Specimens pH
Acid value 
[meq·g−1]

Base value 
[meq·g−1]

VAC 8.1 (± 0.2) 130 170
AAC 5.4 (± 0.2) 254 77
BAC 9.7 (± 0.2) 36 384

Fig. 1. FT-IR spectra of chemically treated ACs.
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"#ðæh¤ º	 ll 4�'#. 	}� h¤�n d Õ²

¥ �m�C  `! T��T d;(	 µm0�� e.T Ë

�7 ÌÍ0�, �	)*��� +�,�d�7  -0� 	

}� µ�T dC�ª�� dm (a� ¡¢! S.' ÿ�

¶#� _�m (a� ¡¢mª' Ð��/ Ë	5 ÌÍ¥#.

p` BAC� �� !é� "#ðæh¤� C=C ̧ Ð$ 1²

;ô§� "#ðæh¤( ll �:��1, 1251 cm−1� 900

~600 cm−1!» C-O � C-H 019S�� `234ðæ	 l

l �:��#. 	}� h¤�n pyrone� _�m j (cyclic

ketone)� �� `! 5��� pyran� keto-derivative51 Ì

Í0�, 	}� �ª��n _�m (a� ¡¢!� 6#	 Ï

Ð' QÎD ��DZ, dm (a� ¡¢mª' Ð��/ Ë

	5 �Û¥#[15-17].

Figure 2� ;��  `Õ²¥ �m�C  `� XPS spectra

	#. QÕ² �� VAC� ÿ7 284.7 eV 
-� �Ch¤�

535 eV
-� dCh¤7 	�N) 2��, O1S/C1S� 8�

0.117 4�'#. AAC� �� dCh¤� äU �(�� O1S/

C1S� 8( 0.13�7 4�'��, 	� 7» HÔu FT-IR�

��7 Q�N ¶[, AAC� ��� ÿ7 C=O, C-OH j �

� �(7 T�� dC�ª�( µm¥ Ë�7 ÌÍ0N ð#.

p`, BAC� �� dC�ª�� O1S/C1S� 8( 0.16�7

AAC! 8�� �(��� �, FT-IR� ��!» HÔu ��

û	 AAC! 8�� C-O, C=O j �� �(R	 ����

7 �� e.	5 �Û¥#[15].

���� ����� ����

;��  `Õ²¥ �m�C�� �� ´°( NO � NH3

� /©! N8� ÏÐ' QÎ�D HÔ¶� ��� o¯R'

¨C(aB ¡¢�ò j ¡¢R! ³	 ���' ó¯�� N2/

77 K �� ¡¢+m' HÔ¶Ù#.

Figure 3n ;��  `Õ²  ~ �m�C� N2 ¡¢º×

9õ' 4�� Ë	#. Õ²� ��� Õ²~� �� �:

;n ���!» ¡¢R	 <� "À�> �(� ~, 	N»

o¯R 	�	 ¡¢ 0�' �� =>�> ���	 �(��

¡¢ ?µ! S�Ä�7@ BET f ¾ Q���� ��'

A A 2� Langmuir º×õ� µ�T Type IB' cT@ A

2���[18], 1� ?µ
� �C�� Õ² ~� �� �:

©� A?' ¶�#. p`, æo� ���!»� � ¡¢R

n VAC� AAC( ©� 9x�4 ���	 �(@A* VAC

� ��� ¡¢R	 °¿ø �(� p`, AAC� ©� Ö;(

D�#. 	� VAC  `! 5��� [ÿ �n �� ¾��!

» oN4� Í�(!»� ¡¢-�	 AAC!»� EC�

� Ë' �Q�� Ë	51 ÌÍ¥#[19]. ��, BAC� F¡

¢Rn VAC! 8V �G� EC�� Ë' Â A 2��H, 	

� ;��  `Õ²7 T�� IJ> :m¥ dC�ª�! �

� ��g4-� e.	51 :l0�, �� è�U _� Õ

²� ��� ��  `! etching	 �:�� 8 `�� E

C! ÏÐ' QK#1 �Û¥#[4, 16].

Table 2� N2 º×¡¢�7
� BET(P/P0 (0.03~0.05), t-

plot(thickness range 6.0~20.0) ¸÷' 	£� l ��� 8 

`�, Q��� 
h, ��� 
h, j²1 ��� p� º

' ´� Ë	#. ��! 4�� �� û	, BET 8 `�n

AAC!»� VAC� 6#	 Ö;B 4��D àn p`, BAC

≅
≅

Fig. 2. XPS survey scan spectra of chemically treated ACs.

Fig. 3. Adsorption isotherms of chemically treated ACs me
sured at N2/77 K.

Table 2. Textural Characteristics of Chemically Treated ACs

SBET
a 

(m2·g−1)
Vmic

b 
(cm3·g−1)

Vtot
c 

(cm3·g−1)
Fmic

d

 (%)
APDe 
(Å)

VAC 1155 0.442 0.485 91.1 16.80
AAC 1138 0.436 0.471 92.6 16.56
BAC 640 0.256 0.258 99.2 16.13

aspecific surface area (P/P0 = 0.03~0.05) = Vads (when, P/P0=0.03)
× 6.02 × 1023 × 1.62 × 10−19/22400 
bmicropore volume (t-plot; thickness range = 0.6~2.0) = [13.99
{0.034-log(p/p0)}]

0.5

ctotal pore volume = Vads × (molar volume of liquid N2/ molar
volume of gaseous N2)
dfraction of micropore(%) = (Vmic/Vtot) × 100
eaverage pore diameter (L) = 4 × Vtot/SBET
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e

� ��� ¤> EC�� Ë' cT@ A 2�#. ��, AAC

� BAC� Q��� 
h� ll 0.436, 0.256�7 EC��

��, Q���S� ll 92.6%, 99.2%7 �(��1 ?� �

�p�n EC� Ë�7 ¶[ �5 ��� g4-�	4

etching -�n ¾�� 	�� ��!» ÿ7 oN4� BAC

� ��� �� �� û	 Q���!»S ��� oN3

��51 ÌÍ0N ð#. 

Figure 4� H-Kb�7  d¥ l ��� �� ¤� I

(pore size distribution, PSD)B 4�� Ë	#. �M �m�C

( 3 Å 	�� p�!» Q���	 ���> ��0N 2�

Ë' cT@ A 2���, AAC� �� VAC! 8�� ���

I� Ö;( ©� D��4, BAC� ��� Q���	 ¤

> NN)� Ë' cT@ A 2�#.

���� "#���  !��

Figure 5� p�×SB 400oC7 1¯�O1 ;��  `Õ

² ~� �m�CB 	£�� NO /©��' ��� ��

B 4�� Ë	#. QÕ² ��T VAC� �� ��P�
�

NO /©mª	 =>� EC�� 1�U �� ~ ©� /©m

ª' ¶	D �����, d�7 Õ²¥ �m�CT AAC�

��� VAC!S QÎD ���#. p` BAC� ��� ��

��7 Ð�¥ /©mª' 4��� �, 	� l ��� 8 

`�' Eç�#`, 7» HÔu �� û	 BAC� �� 8 

`�� Q EC!S �´�1 �m�C `! µm¥ _�m

�ª��� ÏÐ�7 NO /©mª	 Ð�¥ Ë�7 ÌÍ¥#

[15, 19].

Figure 6n ÚD�(range; 1~1000 ppm)' 	£�� l ��

� NH3 /©mª' ó¯� ��	#. VAC� �� NH3 /©

mª	 �� �?Ñ~
� /©mª	 EC�� �?��1

BAC� VAC!S QÎD ��� /©mª' 4�� p`, AAC

� ��� ����7 �A� /©mª' 4���#. 	�

AAC� �� 8 `�� 6#	 Ö;D	 d Õ²7 T��

�m�C  `! µm¥ dCÄ9 �ª��� ÏÐ�7 R�

\[ /©mª	 �(� Ë�7 �Û¥#[4, 20].

Fig. 4. Pore size distribution of chemically treated ACs derived
from H-K model.

Fig. 5. NO adsorption capability of chemically treated ACs.

Fig. 6. Ammonia adsorption capability of chemically treate
ACs.

Fig. 7. Total gas adsorption ratios of the AAC and BAC on th
basis of VAC.
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Figure 7n Figure 5, 6� ��7
� l ��� NO � NH3

� F ¡¢R' ll VAC� F ¡¢R�7 4S <' 4��

Ë	#. ��! 4�� �� û	 BAC� NO ¡¢R	 �(

��1, AAC� �� NO� /©mªn äU EC� p`, R

�\[� ¡¢Rn 3� ¯S �(Ä' Â A 2�#. 	� 7

» HÔu �m�C� ��´° � �ª�� m¨� Ö;!»

q�¥ �� û	, �m�C� ´°� m¨� ÄÅ �m�C

 `� õö� �ª�( ¡¢mª! <� ¾É� T�7 ?£

T� e.	51 �Û¥#.

4. � �

u ¼´!»� �m�C� ;��  `Õ²B Ø�� �m

�C� ´°� +m �  ` �ª�( ¡¢mª! QÎ� Ï

Ð' HÔ¶1� ��#. ;��  `Õ² �� d Õ²¥ �

�� ��´°� QÕ²��! 8V 6#	 Ö;B ¶	D à

Ù�4 _� Õ²¥ ��� �� 8 `�	 ¤> EC��

Ë' cT����,  `Ý �� d Õ²¥ ��!� dm

�ª��	 ÿ7 SG0� p`, _� Õ²¥ ��!»� _

�m �ª��	 SGU' cT��#. ��, ¡¢�� ��

d Õ²¥ ��� �� NH3 /©mª	 Ð�0���, _�

Õ²¥ ��� ��� 8 `�� EC!S �´�1 _�m

�ª�� ÏÐ�7 NO /©mª	 Ð�0�#. �V �m�

CB 	£� 9V(a /©p�!» ¡¢! ÏÐ' QÎ� T

�� �m�C� 8 `� � ��IS� ûn ´°� +m

� ��N �m�C  `! µm¥ l¦ �ª�B' cT@

A 2�#.


�� 

u ¼´� ����
 “:;� |} �8 ��½� xW”�

D±! ��� A�����, 	! Ex )X\#.
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