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Abstract 

DBD(Dielectric Barrier Discharge) plasma in air is well established for the production of large quantities 
of ozone and is more recently being applied to aftertreatment processes for HAPs(Hazardous Air Pollutants). 
Although DBD high electron density and energy, its potential use as nano and sub-micron sized particle 
charging are not well known. Aim of this work is to determine design and operating parameters of a two-stage 
ESP with DBD. DBD and ESP are used as particle charger and precipitator, respectively. We measured 
particle precipitation efficiency of two-stage ESP and estimated ozone decomposition of both pelletized MnO2 
catalyst and pelletized activated carbon. To examine the particle precipitation efficiency, nano and sub-micron 
sized particles were generated by a tube furnace and an atomizer. AC voltage of 7~10 kV(rms) and 60 Hz is 
used as DBD plasma source. DC -8 kV is applied to the ESP for particle precipitation. The overall particle 
collection efficiency for the two-stage ESP with DBD is over 85 % under 0.64 m/s face velocity. Ozone 
decomposition efficiency with pelletized MnO2 catalyst or pelletized activated carbon packed bed is over 
90 % when the face velocity is under 0.4 m/s in dry air.  

 

1. � � 

�� ������(non-thermal plasma) 	
 � 
�
� DBD(dielectric barrier discharge) ����� 
�� �� ����(volume plasma) 	
�� ��
�� ��� �� � !" #$.(1, 2) �� %�& 
'((glow discharge)) *�� +	(larger volume 
excitation), -�
 '((corona discharge)) "(
�� ./0 12� 345� "�67 (8) 

9:;� 0$. �<= "�67� >?) @AB
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4 �NOM� P��Q RS$.(1) Table 1�� �
	T@� #U� VW@0 (	5 	
 � �

� -�
 '(X DBD , YZ [\�8D ]^
�+ 
_H`$.(1)

��

DBD ����� )� :\!� (8) �67� 
-�
 '( 	
a$ b	(1) cd� ef� ,�
� HAPs� g�&� VOCs, NOx, CFCs, SOx h) 
>?X ij�� T@jk�l � = 	
�� 
�� mB!" #$. �7R, �<= 	
L n8
) op�� qr � 0 s� t) uvw, xe 
Sano(3) h� )� DBD 	
X � �� (	5 
Cy z@� {| n8) opX j}= 5� #
� T}�$.  
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Table 1 Characteristics Parameters of Corona 
and Dielectric Barrier Discharge� 

� Corona Discharge DBD
pressure(bar) 
electric field(kV/cm) 
reduced field(Td) 
electron energy(eV) 
electron density(cm-3) 
degree of ionization 

1  
0.5-50  
2-200  
5  
1013 
small 

1  
0.1-100 
1-500  
1-10  
1014 
10-4 

�

� �P) :\�� ��� �P :\ 	
��
} � 0$.(2) W�� �	T@) ����� �
� �P� d�D �p$. �� -�
 '(X �
 = �	�T	��} �� �P�� *= H 
� +< �d�� �� ��!U #$.(4-5) ]^5 
"�}) HAPs ) ��� DBD � � � J #
� ��) �&, ���T � 8�� �� h) 
�� �PL �Q d�� !7 �X J #7R, 
VW �H�	, �L ��}) HAPs(Hazardous 
Air Pollutants)� P�� �&�� ���P) �
t� W�j � �$. �� �¡��� �H  
�	�T	) �& 9:�� �P�X 0.05 ppm 
��� ¢��" #v
,(4) ¡H��� qr �<
= d�� *= B£5� '¤� �¥!U #7 
�L �¦�$.  
§ mB��� ¨©5v�� DBD ����D 
� �� n8� � ��� �ª >?� *= �
j �«X ¬­� �7R &® �� *= 	¯m
B�� DBD ���� 	
� n8 �(°±��
) \²³�D �´5v� Jµ�¶$. ·= DBD 
����D ¸� :\!� �� �P) �t� 
*= '¹v� DBD ºi� C»� MnO2 ¼½ 
·� ¾\¿ À(bed)D Á±�+ ¯	 �t\² 
� j�� {| �t\² z@� *= �´X J
µ�¶$.  
 

2. 
 �  

DBD �(ÂD � = r� 1 � �	 ��) 

Ã n8) op \² ³�, YZ DBD �(Â 
H�� 1\!� ����� )= �� �PX 
�t�� �´X 
ÄU �j�¶$.  
�

2.1 ���� 
Fig. 1� n8 op �´� *= °±D 
_H
`$. �T�	 ��Â(clean air supply)D ¸4= 
�	 � VÂ� 20 nm Â� 1 � �	 ÅÆ) n

8D DBD �(	 H� �njk	 Ç� (	 �
È ÉÊ�(tube furnace, Lenton Furnaces model 
GTF12/25/364),, �I1 n8 9:	(atomizer)� 
��!w 
Ë7� 9: n8) ÌÍ4 �´ÎÏ 
H) �� CÐX Ç�� Ñ 0$. (	 �È É
Ê��� NaCl(�	�Ò 20-100 nm)X 9:jk", 
�I1 n8 9:	��� DOS(dioctyl sebacate, 
�	�Ò 80-800 nm) n8D 9:jÓ º �MX 
YZ ./jÔ �� Õ�) �	 �ÒD �7� 
n8D �´ÎÏ H� �njÖ$. �c) �n�
	) i��×L 0.64 m/s �`$. �´ÎÏ�� 
DBD �(Â, (	opÂD ¸4= n8) J�
} z@� Á±0 Ø�Ù Ú�ÊD ¸� n8 Û
� °]� SMPS(scanning mobility particle sizer, TSI 
3936) j�Üv� �n!U �T0$.  
�n!� n8) J�}D Co, DBD �(ÂR 

on !`X c) J�}D CD, DBD �(Â, op
Â ÕÝ on !`X c) �}D CDE � �+, o
p3ÞX qf) ßv� 
_H`$.  

0

1
C
C D

D −=η    (1) 

0

1
C

C DE
DE −=η   (2) 

DBD �(Â) (©L �à(copper foil)X Ñ 
�¶", ��, á� � ÝZ� 30×80×0.03(mm3) 
�`$. �(£ (©� �âL 4 mm �" 4 iv
� B\�¶$. DBD 9: (�-(� CyL AC 
10 kV-1.1 mA(rms)�w, ãäJ� 60 Hz� �¶$. 
DBD �(ÂD ¸4�+ �(0 n8� "(�
(DC -8 kV)� ��7� ³å1 (	opÂ�� Ò
o0$. DBD �(Â, opÂ) (��� �I� 
{� DMA(TSI 3081), CPC(TSI 3022A)D ¸� n
8 �	 �Ò� �T0$.  
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Fig. 1 Schematics of Particle Precipitation Experiment  

대한기계학회 2003년도 춘계학술대회 논문집

 1679



   
 

3

2.2 ���� 	
�� 
Fig. 2, �� �´°±D B\�¶$. Fig. 1) 

DBD �(Â Â�X 1iv� æç�+ �P 9:
) T�@D iè@�¶$. DBD �(Â H) (
©L op�´4 �é�7� 0.03 mm �à(copper 
foil)X Ñ �¶$. êÕ(mica)� B\0 å1 
DBD �(Â� �T�	 ��ÂD ¸� �	D 
�njÔ �PX 9:jÖ$. 9:0 �PL DBD 
�(Â) ºi� Á±= C»�(pelletized) MnO2 
¼½ ëL ¾\¿ ìp ÀX ¸4jÔ íB�� 
�P�T	(PortaSens , Ati, resol. 0 � - ±2 %)D � 
�+ �T�¶$.  
�P�tD Ç� Ñ 0 '¹L �Q á �7
� ���PX �	� VT= £�j�X î º
� ¯	, 
�) �}�� �tÞX ï��� 
'¹(8��t)4, ���P� *� VT £�j
� �ð ÈX ���+ �t�� '¹(È�t), 
�7ñv�� C»� MnO2 , ¾\¿X DBD �
(Â ºi� ò�� Á±�+ MnO2 ¼½� )= 
@A5 �t, ¾\¿) óô�tD �� '¹X 
�´� 5 �¶$.  
�P�t� Ñ 0 Bed(2×8×5 cm3) ìp>� C
»� MnO2(φ5 mm pellet, Carulite 200 Catalyst, Carus 
Chemical), ¾\¿(φ 4 mm pellet, Í¿C»¾\_
õ �ö¿ç(ã))X ÕÝ ÷ 100 �� 24 j� y
C º Ñ �¶$.  
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��

�Fig. 2 Schematics of Ozone Decomposition Experiment�  

Fig. 3 �� (	 �È ÉÊ�� 9:jÓ NaCl 
n8, �I1 n8 9:	� 9:jÓ DOS n
8D �´ÎÏ� �j� �njÔ n8 �	� 
{| øJ�ÒD 
_H`$.  

Fig. 4�� Fig. 3�� 
_ù ��Õ�(bimodal) 
�8� *= op ú4D 
_H`$. DBD �(
Â, (	opÂ ÕÝD on ûX c) op\²L 
n8) �	� ü?Jý þ��� ��X 
_H
`", DBD �(ÂR onûX c) op\²L 100 
nm X 	�v� � �� � ��) �	ÅÆ�� 
op\²� þ��� ��X 
_H`$.  

  
3.2  ��	
�� 
Fig. 5 � (	5 Cy� {| �P) :\[\
X 
_H`$. DBD �(Â� ��!� ãäJ) 
��� {� '( øj (�-(�� YZ þ ��
�l, � c �P�� þ�(4)�� ú4D a¶$. 
·= DBD �(ÂD ¸4�� �	) i��×) 
þ�� DBD��) £�j�X �U �P�� «
çYX ï��¶$.  

Fig. 6�� �P�tD Ç� Ñ 0 á �7 '
¹� *= ú4MX 
_H`$. J�) Å�X 
���	 Ç� yCCy(R.H. 25 %)��� �P�
tÞX �T�¶$. 8��tD ��= '¹ML 
i��×� ÷ 0.4 m/s ��) �& �P �tÞ
� 90 % ���X ï��¶$. �<
 i��×� 
0.4 m/s a$ 	D �&, È�ta$ MnO2 ¼½ 
·� ¾\¿X � = �t'¹) �P �tÞ� 
÷ 60 % T} b
X ï��¶$.  
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(60 Hz, 10 kV, Face Velocity = 0.64 m/s)  

Fig. 7 �� C»� ¾\¿v� ìp0 Bed ) 
�*�} z@� {| �P�t [\X �´ ¯
	, 5 j� �º) \²X (a), (b)� �� 
_
H`$. ·= Fig. 8 �� C»� MnO2 ¼½� ì
p0 Bed ) �*�} z@� {| �P �t \
²X �´ ¯	, 5 j� �º) \²z@ [\X 
(a), (b)� �� 
_H`$.  

Fig. 9 �� C»� MnO2 ¼½, ¾\¿) j�
� {| \²z@ [\X yC � �
 �2� 
*�� �� (a), (b)� �� 
_H`$. yC,  
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Fig. 5 Ozone Generation Characteristics 
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Fig. 6 Comparison of Ozone Decomposition 

�
) CyL �*�}� �� 25 %, 85 %V 
c�� ]^5 ©i5v� yC�" �= Cy�
�) �P�t \²) j�� *= z@D ï�
�	 Ç� 
Ä`$. �´ ç  j�X ��	 Ç
� Fig. 9) �´��� i��×X 1.5 m/s� �
¶$. yC Cy��� ¯	 3 j� �P�t \
²� MnO2 ¼½� ³� 3 % T} b�7R, 5 j
� �º�� MnO2 ¼½a$ ¾\¿) \²� ³
� 2 % T} b�$. ��" �
 Cy��� ¯
	 � 5 j� �º) \²� ÕÝ MnO2 ¼½a$ 
¾\¿) �tÞ� ³� 5 % T} b�$.  

�

��

�

4. � �  

(1) DBDD � = 2i1 (	op	) n� 1 
� ��) op3ÞL ÷ 85 % ���`$.  

(2) 8��tD ��= �P�t '¹ML i�
�×� 0.4 m/s ����� ÕÝ 90 % ���`", 
i��×� 0.4 m/s ��V �&�� MnO2 ¼½
, ¾\¿X � = '¹� È�t '¹a$ �
P�t \²� ÷ 60 % T} b�$.  

(3) MnO2 ¼½, ¾\¿) �*�}� *= �
P�tÞX ]^� c, MnO2 ¼½� �*�}� 
25 %�� 85 %� ����, ¯	, 5j� �º� 
�� 3 %, 6 % T} \²� «ç�¶", W�� 
¾\¿) �&� ¯	, 5 j� �º� �� 3 %
, 5 % T} \²� þ��¶$.  
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(a) Initial Condition 
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(b) After 5-hr Performance 

Fig. 7 Effect of Relative Humidity on % Conversion of 
Ozone (Activated Carbon)  
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(a) Initial Condition 
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(b) After 5-hr Performance 
 

Fig. 8 Effect of Relative Humidity on % Conversion of 
Ozone (MnO2 Catalyst)  
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(c) Wet Condition 

Fig. 9 Change of Average Rate of the Decomposition of 
Ozone on MnO2 Catalyst and Activated 
Carbon during 3-hr Running  
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