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Abstract 

Dielectric Barrier Discharge (DBD) in air, which has been established for the production of large 
quantities of ozone, is more recently being applied to a wider range of aftertreatment processes for HAPs 
(Hazardous Air Pollutants). Although DBD has high electron density and energy, its potential use as 
precharging nano and submicron particles are not well known. In this work, we measured I-V characteristics 
of DBD and estimated collection efficiency of the particles by DBD type 2-stage ESP. To examine the particle 
collection with various applied voltage waveforms of DBD for nano and submicron sized, bimodal particles 
were generated by a electrical tube furnace and an atomizer. 
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� �* �9*��� yK 1�[$� �1� 
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�e��:� � ��:� ��� yKf a	
o$ 6m���.(11) 1 � �1� ��yK � 0.3 
� �1� H� :* yK� a� ]^� Kang (12)

T� �B pk���. ��H ��� ]^E� 
9m�� �� ��� ��� ��# J�� ��
����f ��� �B,U VW*X�� B�B
� - �VE� 0���. Q  �*4 �¡� �
¢ �£¤¥M ���� ¦��� �6� gh�
� §1� gh� V�� �¨©� �� [iz 
0R � ª)� a� �V, a«4��. �B,
U� VW¬, �£¤¥ � [iz /0� a� 
a® ]^ � 1H$ �}�� ¯,�
� °�# 
�"� �	o$ ±jk²# ³´ �B,U� V
W QR, �£¤¥ QR � [iz /0� a� 
]^E� 9m���. �B,U VWM [iz 0
RQR� �� ]^� ³´� Ogata(13) T� �B   
,U	 z{� µ5, ¶, ·¶ � ¸x°�� p
k���. |� �£¤¥� ³´� ��� ��� 
����� ¬4 ¹µ� �� ¦�� Feng(14) 
T� �B, °� º»� �� �£¤¥ ¼½� �
� ¦�� Scholfield(15) T� 6m���.  
� ]^��� ��� ��� ��*X# �B
,U � ��yKf �k� VW1� *X# �¾
¿«$ - . �� a� *À ]^ � yK�9� 
a� ¦���. 2 �� �*�9*�� ��� �
�� �� +Áf yK� 1�+Á$ �1n# 
.� �9¬# ¯,�
 °�� �� ¹µ1; 
yK� �9¬� 7�4¯ cÂ# Ã� ¯Kf 
Ä¯1n�. yK� �9¬� ��� ��� �
�[� ,B7� ()�§� ¯,�
, Ã°6, �
<�Å� ±j� �� ¹µ1n�. 
 

2. � �  

Fig. 1I P� pÆ +Áf ^R1n�. Çµ È
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=* � �[� yK /0# ÊB �*,Ë de 
$(electrically heated tube furnace)M ?�� yK /
0*(atomizer)� =É�2 HÌ7� /0 yK� 
ÍbI Îs ¦� �Ï º»# ÊB �A�. �
*,Ë de$�� *j-h3 5	# ��1S /
0kÐ NaCl yK� CD� Ñ) �ÏÒ(laminar 
flowmeter)$ º»A�. ?�� yK /0*���  
(diluter)�� Çµ
3=*� �B Îsf /0A
NaCl yKM ÓÔ�;, Õ ¼� Íb� ��]^�

��������� M��	
��� I�P������yKM��	���

yK$����¥Ö�
��������?@f�vE������� 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Experimental Set-up 
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����

/0A �� ¥Ö yK� ��� ��� ��[ 
(DBD) M �9[(ESP)$ ^RA Îs$ �yA�. 
��[M �9[f tI� yK� :*?@� Ù
³� 3/8″¯ Ú�Û Ü$ef tB 0.3 L/min � �
Ïo$ ¹µA�. yK� :*?@� ��$Ý �
j* (210Po), DMA(TSI model 3080) � CPC(TSI 
model 3022A)$ ^RA SMPS (scanning mobility 
particle sizer, TSI model 3936) kUÞo$ ¹µA�.  
/0 yK� 6CDf Ci, ��� ��� ��[
M �9[f tI� yK� CDf Co � - .�
�� yK� �9¬ η � ß (1)I P� HØà 
6 ��. 
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3. �� � �� 

� ]^��� DBD � ¯,�� �
� °�
# µ5, ¶, ·¶�� � ,7� ³´� aB� 
�9¬# Ä¯1n�. 
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Fig. 3 Electrical characteristics (I-V curve) 
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 Fig. 4 Collection Efficiency (at 60 Hz, 0.5 m/s) 
 
Ø¦��. ¯,�
� �¢ �)� Ã°6f 60-
120 Hz $ ;µ1S ¹µ1n�. Ã�9 Ã°6 
áÊ�� ¶ °� ºÈ� aB �
# ¯,1n# 
³´ =t4o$ ��� �F�7� �
� 7.5 
kV �	�; ��� ®µ4o$ �7�� �a 
�
� 8.5 kV ���. 60 Hz ºÈ��� ��cå 
áÊ�� µ5, ¶, ·¶ °� ¶¶� �)� 
0.35-0.5 mA, 0.60-0.70 mA, 0.63-0.75 mA$ µ5°, 
,+ æ; ·¶°, ,+ O� �R���. g<, 
90 I 120 Hz ºÈ��� µ5°, ¶¶ 0.65-0.98 
mA, 0.95-1.89 mA, ¶°, 0.75-1.28 mA, ·¶°
, 1.70-2.70 mA $ ¶°, ,+ æ; ·¶°, 
,+ O� �R���. Ã�9 ¯,�
 áÊ�� 
Ã°6f 60-120 Hz $ ±³1n# . ���), 
°��$ �ç� HØHè$ ¤¥�� �£� �
8# Ä¯1n�.  

 

3.2 	
��� �� �� ���� 
�����* ���=*���Å#������+&��Ã°6f

'��()$�;µ1;�¯,�
#�!���#$�������#$

$�º»1n#�.���9¬#�HØ¦����¯,

�
��°�����
�¯,Ï#�±jk²#�.��

9QR��¥Õ�������f�*éo$�y³��ê�ë�

�e��:��cåI�y³��ê����H��cå�

¥Õ����9¬��ä,â#�Ä¯1n���1�

[M��9[f�?�1S�yKf��91��� ���

�9+Á��³´�1�[M��9[,�âì�íÁA�

 ����9*M���ç��,������1��[?1��

Table 1 Characteristics of bimodal particles 

Test Aerosol NaCl DOS
Geometric 

mean  
diameter(nm) 

31 213

Geometric 
standard 
deviation 

1.47 1.88

Concentration 
(#/cm3) 8×105 3.5×105
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j��ñò17�óô��������, ����� ���*4�

QR���'��()�ºÈ�� ¯,�
# 7.5 kV �� 
8.5 kV $ ä,1n# ³´ �)Ï� µ5°�� 
,+ æ; ·¶°�� ,+ O��, �
� �)
f õ� ö� �£o$ �� "D �)QRI �
�â# ÷ 6 ��. Fig. 4 � �I� ��� �£
QRI 	h1S ¯,�
# º»1n# ³´ �
9¬� µ5°�� ,+ æ; ·¶°, ,+ O
ô�.  
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Fig. 5 Collection Efficiency (at 8.0 kV, 0.5 m/s) 
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3.4 �� �� �� �����
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�Åä,���¢��9¬��°����Òù��¥

Õ�%¤1��³Â#�ïn;�Ã°6,�'��()�ºÈ
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,���9QR���¤�±jâ#�Ä¯-�6�����
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ü*�������+& ��³´M�W����1H�H� c
å� ä,1* ó; Y ¨ Éã  %¤1� ³Â
# HØ¦� � y³ cå� ���� *ü*, 
Éã� ½�ý½ QR# ïn�. |� �Å� 2.5 
m/s � .�� 100 nm f *éo$ �9¬� �
e��:� cå��� ä, *ü*, 1.5 m/s � 
*ü*ï� þvB7; H� cå��� 1.5 m/s  
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Fig. 6 Collection Efficiency (at 8.0 kV, 60 Hz) 
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� %¤*ü*M W� ��1S � y³ cå� 
���� *ü*, þv� ½�ý½ QR# ïn
�.  
 

4. � � 

� ]^��� 2 �� �*�9*�� ��� 
��� �� +Áf yK� 1�+Á$ �1n
# .� �
-�)QRI �9¬# ¯,�
 °
�� �� ¹µ1; yK� �9¬� 7�4¯ 
cÂ# Ã� ¯Kf Ä¯1n�. yK� �9¬
� ��� ��� ��[� ,B7� ()�§� 
¯,�
 (7.5-8.5 kV), Ã°6 (60-120 Hz), �<�
Å (0.5-2.5 m/s)� ±j� �� ¹µ1n�. 
� ������������������� 60 Hz ºÈ��
� ��cå áÊ�� µ5, ¶, ·¶ °� ¶¶
� �)� 0.35-0.5 mA, 0.60-0.70 mA, 0.63-0.75 mA
$ µ5°, ,+ æ; ·¶°, ,+ O� �R
���. g<, 90 I 120 Hz ºÈ��� µ5°, 
¶¶ 0.65-0.98 mA, 0.95-1.89 mA, ¶°, 0.75-
1.28 mA, ·¶°, 1.70-2.70 mA$ ¶°, ,+ 
æ; ·¶°, ,+ O� �R���.�
����	
����������� ��� ���*4�

QR���'��()�ºÈ�� ¯,�
# 7.5 kV �� 
8.5 kV $ ä,1n# ³´ �)Ï� µ5°�� 
,+ æ; ·¶°�� ,+ O� ³Â� 	h1n
�.�

(3) Ã°6� �¢ �9QR� Ã°6f�'��()

$�1n#�³´����9¬��µ5°���,+�

æ;�·¶°���,+�Oú#�Ä¯1noH��Ã°

6,�-��()M����()�����9¬��¶°�

��,�+�æ;�·¶°���,+�Oú#�Ä¯1n

������Ã°6�;�QR�����-��()��	��

��µ5°,�¶°�ï���)Ï��:è$����

£��ä,1*�.����9¬��ä,1n#�ø

o$�û¹A���

  (4) �Å� �¢ �9QR� �Å�������+& �

���������f�*éo$��ï��y³�����H

��cåI�y³��ë��e��:��cå����9

¬�� ä,1��QR#� ïn���g<���Å��

����+&���.���������f�*éo$��9¬

���e��:��cå��ä,1H�H� cå� ä
,1* ó; Y ¨ Éã  %¤1� ³Â# HØ
¦��. |� �Å� 2.5 m/s � .�� 100 nm f 
*éo$ �9¬� �e��:� cå��� ä
, *ü*, þvB7; H� cå |� Éã  
%¤1� ³Â# HØ¦��. 
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