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Abstract − In this study, we analyzed the NOx removal efficiency and particle size distribution by the pulsed corona dis-

charge process and investigated the effect of several process variables. The NO removal efficiencies and the particle charac-

teristics were measured and analyzed as the function of initial concentrations of NO, H2O, and NH3 at the inlet, applied

voltage, pulse frequency and residence time of gas stream. As the applied voltage and the residence time increased, or as the

initial concentration of NO decreased, the NO removal efficiency increased. The higher NO removal efficiencies were obtained

with the discharge electrode of larger diameter. The changes of initial NH3 and H2O concentrations did not affect the NO

removal efficiency significantly. The particle concentration and size of ammonium nitrate salts increased with the increases of

initial NO concentration, residence time and applied voltage.
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�
 /�  012 3456 78. 92 NOx: SOx; ���� < �

�
� => ?	�� @AB6 7C DEFA�GH II J K�5

6 78. H) ���� L�: K�56 7; DEFA �GM NOP

Q� RST; ��� < )U� VW�M 6X
 ��, �YZ[ \

1 < ][  ^�>8. -� _+`a �bc Hd ��� SeLf�

� g3hi)T 012 /�  345C jk 1lS m�n H� 	

S o�p qc rs� _+`a tu�  \156 ��� tu�d

v � �wH jk \g5x8.

��� NOxy SOx�Y) &A5; z{d�; |} z{	 ~��

���, g�# �� �?�(Selective Catalytic Reduction; SCR)� g

�# 
�� �?�(Selective Non-Catalytic Reduction; SNCR) �H 7

8. B�� ��� z{dc �Y VWc ��y, ]
� �r�  C�

6 �� �{)T 2� ��,�H 1�B; �IM  �6 78. ��

); ��/�� z{��T ��#H6 6VW#	 -� _+`a� H

AB; /�  012 3456 78[1-4].

-� _+`a� HAB; z{); jk l�# Ll z{� l��

z{ �H 7�n l�# Ll z{c �� ��y Ll, �l� L�

Ll, �� Ll, K�l��� ��� y�C 38[4-8]. l�# Ll

z{   ��y Ll z{c l� ¡3�) H¢ &A5C� L���

��y Ll) �
 �bH qH £#> ¤sHn 8¥ l� Ll �b

) 
S �� �S  � ��) ¦- #A56 7C §¨ �� z{�
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)

� 01
 /�  3456 78. NOx �Y� R
 �� ��y z{c

1) ©} z{�� ª�: «c 2� ��  ¬^­k 56, 2) ®¯) &

A° � 7; �f/±f 
²: «c ³�,H ��5n, 3) ][ �#

< ±� ´� 
AH #C �� �¯ ]
) /e ][  AHB8; Z

IM  �6 78. µ
 �� H¶)v ·1� ��,(VOCs), ̧ ¹, 8

Hº», ¼½� �� �S � ��)v V�#�� 0A° � 78[1-8].

�� ��y Ll z{)T; ��y Ll� )U� VW�M �H�

RS �� ¤¾P¿H À2 ÁÂ6(100-500 ns) �� ÃH Äc(1 µsH

B) �� rs� 6lÅM Ll lÀ) 	 Bn Ll lÀ ��) r

�> l�Z) �S  Æ> l�dc tu� Ç� zÈ5; ��d�

NÉBÊ tu�H K
 ��� +Ë�(O, O3, OH, HO2)� �?� +

Ë�(NH, NH2, N, H)M ��B8. NO; +Ë�d�� tu) �S =

� NO2� l�5y N2y HNO2� l�° � 78. NO2; OHy HO2

+Ë�� tuBÊ HNO3� l�5n ��> HNO2y HNO3c NH3:

tuBÊ 6� Ì�	 Í�Î�(NH4NO2, NH4NO3)�� l�>8[2, 7-

9, 12-19]. ��y Ll z{) �S NOx �YP NH3� 	 BÊ ��

> Í�Î� Ì�dc ±f �� «c 
²� 0A5Ï� l� ¡3�

y bag filter �� «c Ð¡ Z[� &ABÊ V�#�� Ð¡SÑ 


8. ��y Ll tu�)T ��> Í�Î�c 6� ¤s� Ì�H�

� H2O  �Ð� > ÒR�)T; H2O  Í�Î�) �� < u£°

�v 78.

�� ��y LlM HA
 NOx�Y /�; H¢ qH �45C m

�y, NOx �Y P ³�,� ��5; Ì�d� �� < �Z) �


/�; ÓÔ ³O
 ¤sH8. µ
 �� ��y Ll �b� ÕA��

RS NO �Y VW) �
 Ö× < Z[� �r� P 1�B; ��I

Se) �
 /�v ^�56 7; Õ{H8. Ø /�)T; �� ��

y Ll tu�� HA
 NOx �Y P ÊÙ z{Ú�� ÛÜM �"#

�� ÒÝBÞ�n, NOx �Y P ³�,� ��5; Ì�� ®vÒÐ

: j�� ß{à��á Ì� �� < �Z) �BÊ ÒÝBÞ8.

2. ���� 	 
�

2-1. ����

�� ��y Ll tu�)T �� /�� RST &A
 ÕâZ[�

\ãv; Fig. 1� «8. ÕâZ[; tu,� =Ì < �C³, tu�,

läzÈ < �C³ ��6 tu ³�, ß{³� HåCæ 78. NOx

�Y ÕâP �Ò� ÛÜM 6XB� RS ç{è� �ÒM bubbler�

&ABÊ O2  �) Ð�Pé tu� Ç� zÈBÞ8. O2  �) Ð

�> �ÒH tu� Ç� zÈ5� l) u£B; êM L�B� RS

lëgM &ABÊ  �� �v� ç{Bk ��Pì8. tu�� zÈ

5; NH3  tu� Ç� zÈ5� l) NO: tuB; êM L�B

� RST NH3 zÈgM NO zÈg� Ò�BÞ8. tu�� zÈ5;

hh�  � �èc MFC(Mass Flow Controller, Tyran, model FC-280S

� &ABÊ íîBÞ8.

NO �Y� RS Ø /�)T &A
 �� ��y Ll tu�; Fig. 2

)T: «H cylinder-wirer��á ÕïJ Ç�c 5 cmH6 tu� l

� ðH; 38 cmHn tu�� ¨�c Pyrex ��� &ABÞ8. Ll

Àc tu�  ñ) ][> stainless wire(Ô� 0.1, 0.5, 1 mm)Hn, ò

�Àc tu� Ç�) stainless mesh sieve(16 mesh)� ][BÞ�n ò

�Àc ?ór�� ðH; 30 cmH8.

tu� Ç) ��y� 1�PQ� RS 6lÅ 1��� &ABÞ8. Õ

âM B; ôf) ��y 1� lÀ) zÈ5; lÅ� j�: =��

; �Õ���¼(Tektronix TDS 220)� &ABÊ ß{BÞ8. ��y

Ll õ NOx� ®v� ß{B� RS tu� DE�) Electro-Chemical

Gas Analyzer(Digitron, GreenLine MKII)M ][BÊ ß{BÞ8. tu

� Ç)T ��> Ì�d� j� ÒÐ� ß{B� RS tu� DE�)

EAA(Electrical Aerosol size Analyzer, TSI, model 3030)� ][BÞ8.

2-2. ����

Õâc ¤� ¤Å)T 4BÊ ö�n, tu�� zÈ5;  � �è

c MFC� &ABÊ N2, O2, H2O, NO, NH3 �� �è� ±� ®v

� Õâ ÷#) *+ íî
 õ {¤ ¤s  5vø 10Ò {v ��P

ù õ ÕâM BÞ8. tu�) zÈ5; =  ̂tu,�	 NO: NH3;

��: ³ú®v
  hh 1(NO) : 9(N2), 1(NH3) : 9(N2)� ûü> ûü

 �� &ABÞ8. �� ��y tu�) zÈ5; tu,� �èc

MFC� HABÊ íîBÞ6, Õâ lõ) � �ý þ{M BÊ î�

zÈèM ÿ	BÞ8. NO �Y P z{Ú�� ÛÜM ~Óþ� RST

tu�� 	 5; lÅM 20, 30, 40, 50 kV�, �� =��; 50, 100,

150, 200 Hz� Ú�Pé �T NO �Y 9�M í&BÞ6, tu��

zÈ5; �Ò� �M 1, 2, 3, 4%�, Í��Ó� ®v� 125, 218, 312,

406, 500 ppm��, zÈ �� ��P¿M 2.9, 5.3, 7.8, 11.1 sec� Ú�

Pé n �Ò� ®v: Í��Ó� ®v  NO �Y) ¢[; ÛÜM

ÒÝBÞ8. �� �v; ¤��� 6{Pé ÕâBÞ�n tu� Ç

�Ò� u£ §¤M �� RS �Ò ®v� 0-4%�� Ú�Pì8.

�� ��y Ll P Í��Ó� � � ��5; Ì�) �
 9�

M ÒÝB� RST tu� E�) EAA� ][BÊ tu� Ç)T �

�> Ì�d� j� ÒÐ� ß{BÞ8. zÈ5; Í��Ó: NO� �

c 1:1� 
W� zÈBÞ8. z{Ú� Ú�) *¥ Ì� �Z� 9�

M ÒÝB� RST 	  lÅM 20, 30, 40, 50 kV�, ��P¿M 5.3,

7.8, 11.1 sec�, Í��Ó: NO� ®v� hh 300, 700, 1,600, 2,600

ppm� Ú�Pé n Ì� j�� Ú�� EAA� HABÊ on-line��
Fig. 1. Schematic diagram of experimental set up to remove NOx by

pulsed corona discharge process.

Fig. 2. Schematic of pulsed corona discharge reactor.
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ß{BÞ8. Ì� j�� {ÿ
 ÒÝM RBÊ tu�)T y�; �

� P²dc Neutralizer� HABÊ Ì�) �l5C 7; lB� ­�

õ ß{BÞ�n, �� Õâí©) �BÊ 3	 H¤ ß{
 e�� 


�[� &ABÞ8.

3. ���
 	 ��

3-1. ��	
 ��
 ��

Fig. 3c tu�� 	 5; lÅ� Ú�: ��P¿ Ú�  NO �Y

) ¢[; ÛÜM þÊ=6 78. tu�� 	 5; lÅc 20-50 kV

� Ú�Pì�n, zÈ �� ��P¿c 2.9-11.1 sec� Ú�Pì8. �

� =��; 200 Hz, tu�� zÈ5; ±� NO ®v; 100 ppm��

BÞ8. 	  lÅH × à) *+ NO� �YWc × BÞ6, µ


��P¿H × à) *+ NO� �YWc × BÞ8. tu�� 	 

5; lÅH × ��ø tu�� zÈ5; )U�  × Bk 56 *

+T tu� Ç) r�5; ��y LlH KS�6, Ll Û
v :H

C =Ú�� jk ÿ�5Ï� 	 lÅ × ) *+ NO �YWH ×

 
8. ��6 zÈ �� ��P¿H × Bk 5� tu��dH L

lÛ
) ��; P¿H × Bk 5��, zÈ �� ��P¿H 2.9-

5.3 secç �; tu�� zÈ5; ��� �è(12,000-6,600 sccm)H U

� � tu� Ç r�> LlÛ
)T tu��dH NÒ
 tuM B

� �B� ��) NO� �YVWH 40-48%� y��8.

3-2. �� NO �� ��
 ��

Fig. 4) ±� NO ®v Ú�: 	  lÅ Ú�) *¥ NO �YWM

y��8. tu�� zÈ5; ±� NO ®v; 100, 200, 300 ppm��

Ú�Pì�n, 	  lÅc 20-50 kV�, �� =��; 200 Hz� BÞ

8. 	  lÅH × à) *+ NO� �YWc × BÞ6, ±� NO

®v  300 ppm)T 100 ppm�� .�() *+ NO �YWH 37%)

T 87%�� × BÞ8. ±� NO ®v  ��� «c )U�� 	 

BÞM � tu� Ç)T NO �Y) ^�5; )U�  ¤�#�� q

H ¬^Bk 5Ï� tu�� zÈ5; ±� NO ®v  × ��ø

NO� �YWH .�Bk >8.

3-3. ��� �� ��
 ��

Fig. 5; LlÀ� '� Ú�  NO �YW) ¢[; ÛÜM y��8.

LlÀ�� &A> wire; stainless steelHn, LlÀ� '�� 0.1, 0.5,

1 mm� Ú�Pé  �T NO �Y 9�M ÒÝBÞ8. ±� NO ®v

; 200 ppm, ��P¿c 5.3 sec, �� =��; 200 Hz� BÞ8. Ll

À� Ô�H 0.1 mmç �; 9 kV)T, 0.5 mmç �; 10 kV)T ��

6 1 mmç �; 18 kV³� NO �Y  P@5x�n, LlÀ� Ô�

H .���ø NO �Y  çCy� P@B; lÅc �Óö8. t�)

LlÀ� Ô�H 0.1 mmç �; 50 kV)T 29%� NO �YWM y�

�6, 0.5 mmç �: 1 mmç �; 39%� NO �YWM y��8. L

lÀ� Ô�H × à) *+ NO �YWc × BÞ�y 40 kVH¤)

T LlÀ Ô�H 0.5 mm: 1 mmç �; NO �YWH 
�Bk y�

Fig. 3. NO removal efficiencies for various residence times as a function
of applied voltage([NO]0=100 ppm, pulse frequency=200 Hz).

Fig. 4. NO removal efficiencies for various initial NO concentrations as
a function of applied voltage(pulse frequency=200 Hz, residence
time=11.1s).

Fig. 5. NO removal efficiencies for various wire diameters as a func-
tion of applied voltage([NO]0=200 ppm, residence time=5.3s).
HWAHAK KONGHAK Vol. 40, No. 3, June, 2002
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�8. LlÀ� Ô�H × à) *+ tu� Ç r�5; Ll Û
H

�C�6, NO ��)  ^
 +Ë�� 1�èH × BÊ NO� �Y

tu Æv  × B6, µ
 LlÀH �M �þ8 J� �ç
 LlH

r�5C NO� �YWH × B; ê�� ��>8.

3-4. �� ���� ��
 ��

Fig. 6) �Ò ®v Ú�  NO �Y) ¢[; ÛÜM y���n, ±

� NO ®v; 300 ppm, ��P¿c 5.3 sec, �� =��; 200 Hz�

B6, 	  lÅ� �Ò ®v� × ) *¥ NO �YWM ÒÝBÞ8.

�Ò ®v; 0, 1, 2, 3, 4%� Ú�Pì8. 	  lÅM 50 kV� B6

�ÒM zÈB� � M �; NO �YWH 17%Þ6, �ÒM 1% z

ÈBÞM �; 25%� NO �YWM þÞ8. B�� �Ò ®v� 1%

)T 4%� × Pé zÈBÞM �; NO �YWH 2% {v × B

Ê �Ò ®v ×   NO �YW) jk ÛÜM ![� �; ê�� y

��8. �Òc tu� Ç)T NO ��)  ^
 +Ë�(OH, HO2)�

��BÊ NO �Y) ÛÜM =��, �Ò� � � ��> OH +Ë

�c NO ��tu)  ^
 
�M B; ��(O3)� tuM BÊ HO2

+Ë�M ��Bk >8. *+T �Ò� ®v  × B� tu� Ç)

T ��> ��� �H "CdC NO� ��tuÆv  "C d � 7

�Ï� �Ò ®v × ) 
S NO �YW� ×   ¤�#�� @k

y��8. 

3-5. �� ���� �� ��
 ��

Fig. 7) Í��Ó ®v Ú�) *¥ NO �Y 9�M y���n, ±

� NO ®v; 300 ppm, ��P¿c 11.1 sec, �� =��; 200 Hz�

BÞ8. Í��Ó� ®v; 0, 125, 218, 312, 406, 500 ppm�� Ú�P

Qn zÈBÞ8. Í��Ó� zÈB� � M �#, 	  lÅH 50 kV

ç �, NO �YWH 35%Þ6, ±� Í��Ó� ®v� 500 ppm��

× PQn zÈà) *+ NO �YWH × BÞ�n, ±� Í��Ó

®v  500 ppmç � NO �YWH 43%� y��8. tu�� zÈ>

Í��Ó; ��y Ll) �ST NH2 +Ë�M ��Bk 56, ��>

NH2 +Ë�c NO� N2� Ú�PQ; �?tu) $ÊB��, �?tu

Æv; NO� ��tu Æv) 
S %%2 çCyÏ�, ±� Í��Ó

®v × ) 
S NO �YW� ×   ¤�#�� @k y��8.

3-6. �� NO �� ��� �  !" # "�$ %�& ��

Fig. 8) tu�� zÈ5; ±� NO ®v: Í��Ó� ®v Ú�)

*+ ß{> Ì�j� ÒÐ� y��8. ±� NO ®v; 700, 1,600,

2,700 ppm�� zÈ5x6, Í��Ó� ®v; NO/NH3 
  1H 5v

ø 700, 1,600, 2,700 ppm�� zÈBÞ8. ±� NO ®v  700 ppmç

�; Ì�d� j� ÒÐ  unimodal 
 rs� y���n Ì�d�

j� ÒÐ  0.004-0.1µm&R) �¨B; ê�� y��8. t�), ±

� NO ®v  1,600 ppm µ; 2,700 ppm�� zÈ5xM �; ��>

Ì�d� j� ÒÐ  bimodal 
 rs� ß{5x�n ' Ì�dc

0.008-1µm &R, @c Ì�dc 0.001-0.007µm &R)T ß{5x8.

±� NO ®v  700 ppm ç �; tu� Ç)T ��5; Ì�� ®

v  �6, o�p Ì� ��H (� )e5� ��) @c Ì�; '

Ì�: NÉBÊ ��5C ÌvÒÐ  unimodal 
 rs� y�Ç; ê

Fig. 6. NO removal efficiencies for various initial H2O concentrations
as a function of applied voltage([NO]0=300 ppm, residence time=
5.3s).

Fig. 7. NO removal efficiencies for various initial NH3 concentrations
as a function of applied voltage([NO]0=300 ppm, residence time=
11.1s).

Fig. 8. Changes of particle size distribution for various initial NO con-
centrations([H2O]0=1%, residence time=5.3, input voltage=50 kV).
���� �40� �3� 2002� 6�
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rr,

ka,

and
�� &²5n, ±� NO ®v  1,600 ppm µ; 2,700 ppmç �; tu

� Ç Ì�� ®v: �� Ævv j6, o�p @c Ì� ��H �*ô

f "Æ5C ÌvÒÐ  bimodal 
 rs� y�Ç; ê�� þ	8.

3-7. ��	
 ��� �  !" # "�$ %�& ��

Fig. 9) �� P¿ Ú�) *¥ Ì�d� j� ÒÐ 9�M y��8.

±� NO ®v; 1,600 ppm, �Òc 1%, 	 lÅc 50 kV� zÈBÞ

8. �� P¿M 5.3, 7.8, 11.1 sec� Ú�Pì8. tu� Ç ��� �

� P¿H 5.3 sec)T 11.1 sec� × à) *+ Ì�d� j� ÒÐ 

bimodal)T unimodal Bk Ú�B6 7�n, H; ��P¿H × à

) *+ NO  qH �Y5C o�p Ì� ��H .�BÊ @c j�

Ì� ®v  .�B� ��H8. µ
 �� P¿H × ��ø tu�

Ç) tu��dH ��; P¿H ðCæ Ì�d� ��èH × Bk

56, µ
 ��> Ì�dc tu� Ç)T 8¥ Ì�d� u¡BÊ �

Z� � 7; P¿H ðCæ Ì�d� j�; × Bk >8.

3-8. '� �( ��� �  !" # "�$ %�& ��

Fig. 10c 	  lÅ Ú�) *¥ Ì�d� j� ÒÐ 9�M y��

8. ±� NO ®v; 300 ppm, �Òc 1%, ��P¿c 5.3 sec ��6

	 lÅc 20-50 kV� Ú�PQ�T zÈBÞ8. 	  lÅH 20 kV

ç �; ÌvÒÐ  unimodal 
 rs� y�� t�) 30, 40, 50 kV

ç �; bimodal 
 rs� y�Ç6 7�n, 	  lÅH × à) *

+ Ì�� ®v < j�  × B; êM þH6 78. H; 	  lÅ

H × ��ø NO� l�Wc × Bk 56, NO� l��� ��>

HNO3� ��èH × BÊ tu�� zÈ> NH3:� tu) �S Ì

�� �� Æv  × BÊ Ì� ®v  × Bk 5Ï� Á¥ Ì�¿

NÉ) �BÊ ' Ì�� �ZBk 5� ��H8.

4. � �

Ø /�)T; �� ��y Ll tu�� HABÊ z{Ú� Ú� 

NO �YW < Ì�¤ ,� 9� Ú�) ¢[; ÛÜM Õâ#�� Ò

ÝBÞ8. �� ��y Ll tu�) 	 > lÅH × à) *+, µ

; tu� Ç ��� ��P¿H × à) *+ NO� �Y VWH ×

 BÞ6, ±� NO ®v  .�� �ø NO �Y VWc × BÞ8.

LlÀ� Ô�H × ��ø NO� �YVWc × BÞ�n, �Ò�

� ; NO �Y) ÛÜM =x�� �Ò� ®v × ; ' ÛÜM =

� �; ê�� y��8. µ
 NH3 � ) *+ NO �YWH +¿ ×

 B; ê�� y��8.

�� ��y LlP ��> Ì�d� ®v: j�; tu�) zÈ5

; ±� NO ®v: Í��Ó� ®v  × ��ø ��> Ì�� ®

v: j�; × BÞ8. µ
 Ì� j� ÒÐ; ' Ì�: @c Ì�
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