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<!. ���� ()*� => ?���' NO@ NO23 AB CD � E 1F �G� H�� I� ��()JG� KB L

��M ()JG H�@ N� ()O��� PQ� R13 FST!. U ���� ()O��3 VW� RX �YZ[ 1

\, �YZ ]^;��' 100-200oC _N��G NO� ��()[ `aB bMT!. �	 ()*(V2O5/TiO2)� => ��

�� cd� �� NO2/NO eGf g�� I� ����� ��hi H�� FST!. ���� ()*�� �YZ13j

k l,�' mnopqr' 8s� �	()*�� tdq ��CD � E 1F, b��u� v w() xyz{� |}

[ ~�� !. [� �X ����/�	 
��
��' "#$�	%&�� ()�G(300-350oC)�! �� �X 100-200oC

_N�� 80% [?� NOx@ ��� � E !.

Abstract − Removal of nitrogen oxides using a non-thermal plasma process combined with catalyst was investigated. In this

system, selective catalytic reduction of nitrogen oxides is affected by the operating condition of the plasma process, and thus

the characteristics of the plasma process were separately examined before combining two processes. The oxidation of NO to

NO2 in the plasma reactor greatly decreased as the temperature increased, which implies that an additive to increase the oxi-

dation rate is necessary. In the presence of ethylene used as an additive, the oxidation of NO to NO2 was largely enhanced at

relatively high temperatures in the range of 100-200oC. The removal efficiency of NOx on the catalyst(V2O5/TiO2) was found

to get higher as the ratio of NO2 to NO increased by the plasma discharge. The byproduct formaldehyde formed from ethylene in the

plasma reactor could be completely removed in the catalytic reactor while significant amount of carbon monoxide and ammonia slip

were observed. The plasma-catalyst system used in this study was able to remove 80% of NOx or more at temperature range of 100 to

200oC that is much lower than typical temperature window of selective catalytic reduction(300-350oC).
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�, ��� � ��� ����

� ���� �����(NOx)  �!", #�$%&', ()*�+,

-  ./ +01�2 345� 67� 8*����9�. :;<=

NOx> �?2 @� *A� BCDEF+�G(selective catalytic reduction,

9� SCR), HIG(wet scrubbing), �JK	
(electron beam irradiation

process) � ��� *A9 L�M? N�[1-3]. 9/� *AO> 8PQ

  R
���� DS� *A9T, SCR  R
��� U 9V���

&W� DS�R X  YZO([\> ]9!, D  [\^D, _  NOx

�`ab, cI)d e=R f? g]� h^�� Fi jk� *A� l

eMR f�. SCR *Ad ��� ���4� m8 D]�� n, op

�. qrM� 1�Z  SCR EF> s!tu� vwx�. 3yD4�
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SCR EF� 300-350oC z@�� {D s!d T|}� n4� ~RM

R f4T, ��e%> tue 9 ~� �  67� ���O9 X9 f

�. q2 O^, ��� ��	
> 0i ��e% tu� 150oC }�9

�, �� 
� ��e%> 0i� 200oC ��� n4� ��� f4T

���c� �� � ��=`T _�� � f? *� SCR *Ad ��

D]��� ?��9 f�[4, 5].

3yD4� �*e%6> NOx� 95% 9r9 NO9� NO2� 5% 9

}� Fi ��. *�� ��x EFop 1�� >�^[6], NO2/NO>

"b� �� EF> s!9 �� ��=� n4� ~RM? f��, 9

/� �,� �t ���� 	
, EF	
9 �SM�d   r¡a

,e T|¢ � f�� nd >£��. ¤ ��� �¥ -9 ���� 	


  NO2 NO2� ¦� ��§5� ¨!9 f4©� �*e%> NO2/

NO "bd ªe§« � f� ¬­� ®G3 � f�[7-9]. Penetrante

�[7], Broer¥ Hammer[10] '¯R Yoon �[11]> g°�,� 9¥ -

  ����/EF ±S 	
� >² NOx �`ab9 ³rMR EF>

{D s! tuz@e ��� � f� e´!d ~.µ��. =¶<=

µ� ·¸M? t ���� 	
  NO2 NO2¥ HNO3� ��§¹ º

»&¼�¥ y½§¾ ��»&¿d �!§5� ®G��, Rt���

NO2¥ ��9 »&¼�¥ ¤ y½�= À� 8PQ> ·¸e "ÁD

�  tu� 80-90oC 9��� �ÂM? N�[12, 13]. '/T, ���

� 	
d EF¥ �S�. Ã]�* @²�� ~� _  tu�� ®

� ¨! U y½*¸2 ÄÅ Æ Ç7e f�. ÈÉ�^, ���� ®�

  *ÊQJ> 9t�¥ opx :r9©� tu> Ë³9 67��,

NO y½*¸ Ì� tu� �� �� Ë³d Íd n4� qrM*  

19�. 9�> ·¸�,� >�^ �t��� NO> ��y½9 µ�

®�6� ��M� ��� >² 3?TT[14], Rt��� ��> �!

9 ?�Î O ��Ï, -  �Ð !Q9 67� ÑÒd Ò n4� v

wx�. 9¥ -9 Rt��� NO ��y½, ®�¨!9 �t��¥

�¯ X  Ó9Zd T|Ô � f4©�, EF¥ �S�* 9�� Rt

��> ���� 	
� 8� ·¸e BÂÕ Ç7e f�.

Ö ·¸� SCR 	
�� NOx �`� £\� ���� ®�> Ë³

� 8² �×R f�. ���� y½*� Ã]x n  ÁØ R�Ù� >

² ®�9 3?T� VÚ �ÛÜ j�Ê Ý� y½*(coaxial dielectric-

packed bed reactor)Þ4� SCR EF�� r]EF� ß¼à Üá>

V2O5/TiO2e Ã]M��. â� ãä� �¥ -9 ���� 	
d SCR

	
, �S�* @²�� Rt��> ®�¨! U NO ��y½d å

æ² Æ Ç7e f4©� ç� ���� y½*2 wè4� Ã]� ·

¸2 �Â� �é SCR EF¥ �S�. NOx �`� £\� Ë³d Ä

Å~ê�. j�Ê Ý� y½*�� ÁØ R�Ù Ì� ë% R�Ù ì �

Ã] e´�©� ?í n9 �î=ab(ïð �î=8" NO ��ab)

h^�� iñ�= vw�* @�. W e= R�Ù ®Id "Á�Þ�.

2. � �

2-1. ����

���� y½*¥ EFy½*� ¸!x y½Y\> Lòue Fig. 1

� �§M? f�. VÚ �ÛÜ j�Ê Ý� y½*e ���� y½*

� Ã]M�4�, 9 y½*� ÁØ R�Ù Ì� ë% R�Ù� >² ®

�d 34¹�. ���� y½*� j¯o(}0: 25.8 mm; �0: 30.2

mm), 6ód oÛ�� 3/8" %ô�õ% öo U j¯¸÷ Ý��(ø0

5 mm)� ¸!M? f�. j¯o U j¯¸÷  j�Ê> ÑÒd ��,

%ô�õ% öo�� R�Ù9 �ex�. j¯o> �h �^  31 cm

ùú �×£¿ û3� üý� f4�, �×£¿ û3� üý� f� P

Q9 ���� ®�9 3?T� jaþ9� Ò � f�. y½*¥ ÿ=

Ã9� ·�x 1.0µF ��§�(capacitor)� ÁØ R�Ù9 �ex 0

i ®���d h
�* @� n4� �� Jñ� [�Ò n9�. ��

�� 	
d EF¥ �S� 0i�� Fig. 1�� ~� �¥ -9 ß¼

à Üá> EF2 j¯o� �ð�Þ4�, ���� 	
d wè4�

Ã]� 0i�� EF2 �`� rá�� g°d �Â�Þ�. Ö ·¸

�� Ã]� EF� r] SCR EF> �T� V2O5/TiO2(20 cells per

in2)9R EF> V2O5 �	  5 wt%9�. ß¼à> �*� 1.8
1.8


9.7 cm3� �~* P�� 31 cm39�.

����/EF y½Y\� 3
� y½tu> j=2 @² �
� [

\�ÞR, &Ã �*e%> tue [
tu� mg�� u�Ò � f

u� y½* ð¸> �od � � ü� �ê�. &Ã �*e%> µ !

Q  ��¥ ��Þ4�, 9O e%> j	  j	��Y\(mass flow

controller, MFC)(Model 1,179A, MKS Instruments, Inc.)2 9]�. �

��Þ�. &� g°�� ��> �	  10%(v/v)Þ�. NO e%(5.0%

(v/v), ����%), ���(100%) U »&¼�(5.0%(v/v), ����%)

> j	 Ì� MFC� >² ��M�4�, �� U ��¥ �SM��.

2-2. ����

Ö ·¸> rñ� g°�c  Table 1� 7�M? f�. &Ã �*e

%> � j	  5 l/min(rt *�)� R
M�4�, ���	  10%(v/

Fig. 1. Schematic of the experimental setup.
HWAHAK KONGHAK Vol. 41, No. 2, April, 2003



258 ���������������
v), NOx �u� 300 ppm4� ��M��. �ÜD� �� �*e%> �

��� �	  700 ppm ����, .*�� ����� ���d Ã]

�ÞR �u� MFC� >² 750 ppm4� ��M��. SCR EF��

NOx> +��� Ã]x n  »&¼�Þ4� �u� 300 ppm9��.

y½tu� µ� 100-200oC> z@�� 50oC ¬�4� ��§�4�,

���� y½*> ¨!  !d @² rt��u g°9 �ÂM��.

�ÜD� �� �*e%> tu� 200oC ��9�, ��� ��	Y>

�*e% tu� � 150oC9�. ÁØ R�Ùd Ã]� 0i ����

y½*> ®���  �eM� �Ù� >² ��M�, ®���d ��

§5* @² ®�"� �eM� �Ùd e��Þ�.

ÁØ R�Ù, ë% R�Ù> "Á2 @² Fig. 2¥ -  R�Ù ë%

��Y\2 Ã]�Þ�. øØ R�Ù ��Y\(Korea Switching Co.)e

20 kΩ �#d Û² ��§� Cp(396 pF)2 Ý��� M^ �Ù9 r¡

�� %@\� �]�� % � $(spark gap)> �· % �Ù� u�

��. 9  % � $ %@\e &¬D4� w'M? ��§�� Ý�

M? f( �î=e )*� y½*� ��M��, ë%Ü> �Ù Ü9

o+x�. y½*� ,-� [\x �#(4 kΩ)  .�T �Øe /Ð º

y½*� 0�f� 	¬��2 �&§5u� �� ÑÒd ��. % �

$ ë% ��Y\> ¨!r, ��> ë%� �¬ �Ð �Ù  Ü U �

Ø  Üd T|}©� � 1,000L e	> 12x  Üd l3�. �î

= 4�� 9]�Þ�. ���� y½*� �eM� ë%> �� �Ù

(peak voltage)  26 kV� R
�Þ4�, ë%y±5(pulse repetition

rate)  5�� 30 Hz(pulses/s) z@�� ��M��.

NO¥ NO2> �u� �$�#Gd 9]�� NO-NO2-NOx Q6*

(Model 42C HR, Thermo Environmental Instruments, Inc.)2 Ã]�.

µ� Q6M�R, »&¼�2 µð� 0i�� NO2 Q6� ?��9

f? 78] �*e% Q6*(flue gas analyzer)(GreenLine MK2-9.007,

Eurotron)2 Ã]�Þ�. £y½ ��� �u, ���> Q²�!�� 3

����(CO)¥ û8���9 �u, £y½ »&¼� �u� ����

y½* ºw U EFy½* ºw�� h
M��. £y½ ���> �

u� *Ê���æ':;(Shimadzu Model 10A)2 9]�. h
�Þ

R, 3����(CO) �u h
�� 78] �*e% Q6*2 Ã]�

Þ�. û8���9 �u¥ »&¼� �u h
�� å=o(Gastech)d

Ã]�Þ�. ®�"� �eM� �Ù> h
�� 1000 : 1 R�Ù ;�

< (PVM-4, North Star Research, Corp.)¥ �== �g�%.;(TDS

3,032, Tektronix)e Ã]M��. ���� y½*¥ ÿ=Ã9� [\x

1.0µF ��§� �w> �Ùh
�� 10 : 1 �Ù ;�<(Tektronix

P6139A)e Ã]M��. ���� y½*> ð���  �== ��4

(Yokogawa WT 200)2 9]�. h
�Þ�. ë% �Ø> h
� Ã]

x n  �Ø*(Pearson Electronics)Þ4�, 0.25 V/A "b� �Ø>(

2 �+�. �g�%.;� *�Mu� �� ÑÒd ��.

2-3. ���� 	


j�Ê Ý� y½*� ÁØ R�Ùd �e� 0i ®��� h
�¯

� �é, -�. ���� y½*� �*D4� ��§�� ?äÕ �

fR ���� y½*¥ 1.0µF ��§�� ø-� ·�M? f4©�,

1.0µF ��§�� Ý�x ��� y½*� Ý�x ��¥ -�. Ö ·

¸�� 1.0µF(10−6 F) ��§�2 Ã]� 9j� ��§� �w> �Ù

4�P� Ý�x ��2 �� @d � f*  19�. A, �� (Q)�

CV(C: ��§B%; V: �Ù)9©�, @  �Ù� 10−6d C�^ Ý�x

��	9 x�. Fig. 3(a)� ®�" U 1.0µF ��§� �w�� h


� �Ù  Ü> � q2 T|D�. Fig. 3(b)� ��-�Ùu(charge-voltage

plot)�E, Fig. 3(a)> �Ùd ñ�Ú� WR ��	d e�Ú4� �.

u§� n9�. Fig. 3(b)�� lÂÃ�Ü> ^D  ÁØ � µ*F ®

��î=� ²F��, &� µ*� 8² -  &�9 G?��. l3 ®

Fig. 2. Schematic of the pulse generation circuit.
Fig. 3. Voltage waveforms measured at discharging electrode and 1.0µµµµF

capacitor (a); charge-voltage plot corresponding to Fig. 3(a).

Table 1. Experimental conditions

Gas flow rate(l/min) 5.0(at room temperature)

Oxygen content (vol%) 10
Nitrogen content(vol%) 90
Reaction temperature(oC) room temperature, 100, 150, 200
NOx concentration(ppm) 300
C2H4 concentration(ppm) 750
NH3 concentration(ppm) 300
Space velocity(h−1) 12,000(100oC), 13,600(150oC), 15,300(200oC)
Voltage range(kV) 4-16 (AC)
Peak voltage(kV) 26 kV (pulse)
Pulse repetition rate(Hz) 5-30
���� �41� �2� 2003� 4�
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���  ÁØ � µ*F ®��î=� ÁØ µ �(60 Hz)2 C�.

4�Ò � f�. 9¥ -9 ®���d ¸�� ®G U lÂÃ�Ü> ^

D 4�I  1�� rñ� ~RM? f�[15]. Ö ·¸���, ��-�

Ùu2 ;H�� ��� I9> WJe 3
��� e
�� ':;>

� �	, lÂÃ�Ü> �	d "Á�4�E lÂÃ�Ü ^Dd 4�

�Þ�. A, �	> "e ^D> "¥ -�� e
d �Þ�. ':;>

�Ê ^D(�î= w@)  ��	(e�Ú), �Ù(ñ�Ú)> C9©�,

"Ko4� >² lÂÃ�Ü> ^D(�î= w@)9 G?��.

ë% R�Ùd Ã]� 0i Fig. 4� �§x �Ù, �Ø� �� j

�Ê y½*> ®�", ÿ="�� h
x n9�. �� �Ù, ��

�Ø� 8ò 26 kV¥ 60 AÞ4�, �Ù> r¡§¬ U ë%L(full width

at half maximum)  �� 11 ns¥ 200 nsÞ�. j�Ê ���� y½*

� ïðx �î=� Fig. 4> �Ù, �Ø  Ü4�P� �é I� >

² 4�M��.

(1)

.*� EP� ë%F y½*� ïðx �î=(®��î=)9�, V� ë

%�Ù, I� ë%�Ø '¯R t� ë%L(pulse width)d T|D�. I

(1)� >² 4�x ë%F �î=� 86.7 mJ/pulse� n4� T|M4

�, .*� ë%y±bd C�^ ®���9 G?��.

3. �� 	 
�

3-1. ��� 
� ���� ���� ��

Fig. 5� rt�� 200oC <= tuN� h
� �e�Ù, ®��

�,> o42 T|D�. 'O� T|P �¥ -9 ®���  tu>

ªe� �� ªe�� 0³d T|D�. � tu�� ®� L§ �Ù

(discharge ignition voltage)  Fig. 5> QBOd ���. ¸Ò � f�

�, rt, 100, 150, 200oC�� �� 7.4, 6.7, 5.5, 4 kV� n4� T|

M�. Ö ·¸� Ã]x ���� y½*> �"¬ ¬�9 0.8 cm9©

� 9O �Ùd l3 �*Yñ*� +��^ �� 9.3, 8.4, 6.9, 5 kV/cm

� ²F��. 9¥ -9 *Ê tue _d   �  �Ù(�*Yñ*)�

� ®�9 L§MR ®���9 R=� 9j� *ÊQJe ~� s!

�M? ¦� 9t�Õ � f*  19�. 9r*Ê rá®
I�� ¦

� 9²Õ � fS9 V3� Ù��� *Ê> tue ªe�^ *Ê Q

J¬> `¯e T?� �Je � _  Uu� eUÕ � f4©� ¦�

*ÊQJ2 9t�§« � f�. *Ê> 9t� 
ue V�� *Ê>

�u�#9 ��=©� �Øe ªe�� �W ®���9 R=� x�.

1�� >�^ ®���  3
 tu<=� tu� �� "KD4� ª

e��e {8\2 T|D º �¶ ü���R ~RM? f�[16]. ®

���9 {8\2 T|}� tu� �" ¬�� �� �*�, �"¬

�9 ªeÒ�� {8\2 T|}� tue ZZ _���. .*� Ã

]x ���� y½*> �"¬�, tuz@� {8> ®���d T

|}� �c~� XY �4©� tu� �� ®���9 ªe�� 0

³ùd T|}��. Fig. 5> ®��� �9�� ��� �î=Zu

(energy density)2 4��* @� *�4� Ã]M��. �î=Zu�

®���d �*e% j	4� T[ \4� 
>M� �t ���� 	


�� ]¯ Ã]M�  �£�9�.

Fig. 6  ÁØR�Ù, ë%R�Ùd Ã]�. G?� NO ��y½

�,2 T|D�. 'O� T|P �¥ -9 � 25 J/l> �î=Zu��

8PQ> NOe ��M�4�, ÁØ R�Ù, ë% R�Ù> Ó9� `

> ^��. ���, j�Ê Ý�Ü ���� y½*�� ë% R�Ù ~

�� ÁØ R�Ù9 DS� n4� vwM��, ' 9j� ë% R�Ù

> �!d @²�� ÁØ2 øØ� �_? µ� 
Ø*¥ ë% ��Y

\e Ç7�©� �ÊD� Y\"e ªeÒ � fR ë% ��Y\2

Ã]�� �� X  1�O9 j� Õ � f*  19�. �:> &�

g° �,� ÁØ R�Ùd 9]�. �ÂM��.

�î=Zu> ��� T|D NO> �ue Fig. 7� �§M? f�.

rt��� NOe ¦� NO2� ¦� �+MT, Rt(100-200oC)���,

Ep VI t ′d
0

t

∫=

Fig. 5. Influences of applied voltage and temperature on discharge power. 

Fig. 6. Comparison between AC and pulse voltage in terms of NO con-
version.

Fig. 4. Typical pulse voltage and current waveforms.
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¨� 150oC 9r> tu��� NO> ��y½9 Fi í¯� �ÂM

��. 9 �,� NO¥ O ��Ï> y½Uue tu� �� ü���

� n, tu> ªe� �� ��> �!9 `�x�� W e= 9j�

²6Ò � f��, opx µ7 y½  �é, -�[17, 18].

(cm3molecule−1s−1) (2)

(cm3molecule−1s−1) (3)

(cm3molecule−1s−1) (4)

(cm3molecule−1s−1) (5)

9�> ·¸�,� >�^ rt��� NO> ��y½� f?� ��

> ÑÒ9 Fi 67� n4� abc�[14]. '/T, I (4), (5)�� �

� fS9 Rt��� ��> �!9 ¤ 3?T= ÀR, Ì Fi )*

� O2� Q²M©� �W I (2)e NO> ��� *.�= d�� x

�. ���, 67� y½  I (3)9 M�� 100-200oC z@�� NO

��y½9 í�=� n  I (3)> y½Uue tu� �� ü��*

 19�. �­, Fig. 7� �§�=� Àê=ù, NOx> �u� NO>

��y½, o4^9 `> 3
�� j=M���, 9� NOe w=

NO2�ù ��M��� nd >£��.

@�� ÄÅ~êS9 _  tu��� NO> ��y½9 Fi íH

�, y½Uu2 )*� �* @�. ���d y½ee�� µð�Þ�.

����� NO> ��y½d E��� ÑÒd ��, ���> ��	


 �*e%�u rF	> ����e û�M? fR g� �� �*

e%�u 700 ppm ��> ����e û�M? f4©� ��� ee

¥ jÃ� ÑÒd Ò n4� qrx�[19, 20]. ���� ®���� �

��  CH3¥ CH3O¥ -  ��Ï Üá� Q²M� ./ e= y½

d `f NO> ��y½d E�Ò � f�� opx µ7 y½  �é

, -�[14, 19].

(6)

y½ (6)� >² ��x CH3O2� CH3O� +�M^� �:¥ -9 NO

> ��y½d j���.

(7)

gh§ ��Ï(CH3O)  ��¥ y½�. û8���9¥ HO2� Q²

M�, HO2� NO2 ��§« � f� ö�� ��! ��Ï9�.

(8)

(9)

I (9)� >² ��x OH ��Ï  NO> ��y½� øÿ i.Ò �

u fR, Ì� �é, -9 û8���92 Q²§5*u ��.

(10)

I (10)� >² �!x HCO� ��¥ y½d Û² CO� �+M�, 9

  ��x HO2� I (9)¥ -  NO ��y½d 345� x�.

(11)

I (11)� >² �!x CO� y½Uu� í¯*� �T, O ��Ï,

y½�. CO2� �+Õ � f�. ���, op� Ì �Ð y½  �

��, OH ��Ï9 y½�. L§M� 0���, y½I  �é,

-�[19].

(12)

(13)

I (12)¥ -  y½  �	> OH ��Ï9 ��Õ � f� �Q�	

9 _  �c��� Fi 67Ò n4� vwx�. I (6)-(13)�� Ä

Å~êS9 ���  NO> ��y½d E�Ò � f4�, 9� 8�

�,e Fig. 8� �§M? f�. 'O�� � � fS9 ���> ee

� �� NO> ��y½9 Fi j�c4T, ���9 ^d  ¥ �ke

=� NOx> �ü  `> ^��.  Fig. 8�� NOx¥ NO �u> Ó9�

NO2 �u� ²F��, �� g°�,2 �§�l=ù ���� ®�� >

² ��x NO2¥ NO �u "b� �� m� EF> ̀ V9 ��=� x

�. ���, ���9 �;Ò   NO2/NO "bd n  z@� ªe§

« � f�� n  ����¥ m�EFe �SM�d   o YZ9�

R Ò � f�. tu� �Ð NO> ��y½d ÄÅ~^ Fig. 7��¥

�ke=� _  tu�� NO ��y½9 í¯� 3?T _  �î=

Zue Ç7� n4� T|M�. � q�, NO¥ NO2e �p9 Õ  

<=, A NO¥ NO2e &W 150 ppm9 Õ  <= �7M� �î=�

100, 150, 200oC�� �� 15, 35, 45 J/l� n4� T|M�.

Fig. 9� Fig. 8, V3� g°�c�� h
x £y½ ���> �u

2 T|D�. 'O� T|P �¥ -9 y½tue _d�� £y½x

���> �ue ªe�Þ�. 9�> ·¸�,� >�^ ���> Q²

NO O3+ NO2 O2+→ k 1.8 10 12– 1370 T⁄–( )exp×=

NO O+ NO2→ k 1.0 10 31– 300 T⁄( )16 N2[ ]×=

O O2+ O3→ k 5.6 10 34– 300 T⁄( )28 N2[ ]×=

O O3+ 2O2→ k 8.0 10 12– 2060 T⁄–( )exp×=

CH3 O2 CH3O2→+

CH3O2 NO+ CH3O NO2+→

CH3O O2+ HCHO HO2+→

HO2 NO+ OH NO2+→

HCHO OH+ HCO H2O+→

HCO O2+ CO HO2+→

C2H4 OH+ C2H4OH→

C2H4OH 2O2 2NO+ + 2HCHO 2NO2 2OH+ +→

Fig. 8. Variations of NO and NOx at the plasma reactor outlet in the
presence of ethylene(C2H4: 750 ppm).

Fig. 7. NO concentrations at the plasma reactor outlet as a function of
energy density.
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y½  µ� O, OH, O3¥ -  s!!Q� >² 3?T� n4� ~R

M? f�[14, 21]. '/T, Ö g°�c  ��9 �!M* ?�� tu

z@9R Ì �*e%� �Q9 ^4©� O ��Ï, ���> y½9

67��, ���, O ��Ï> y½Uu� tu� �� ü��©�

[17], Fig. 9��¥ -9 tue _d   ��M� ���> �ue _

�. I (8)-(13)��u � � fS9 ���� y½*�� ���9 Q²

M�d   ��M� µ7 j² P��  3����¥ û8���99

�, 9 �S�O> �ue Fig. 10, 11� �§M? f�. *Ê���æ

':�> FID å�*�� ���9�� �Ð ��e o+M= À  n

4� ~� ���9 �Ð ����� �+M= À  n4� ~9�, Q

²x ���  &W û8���9, 3����, 9����� �+x n

4� vwx�. 'O�� ~� �¥ -9 û8���9¥ 3����>

�u� ì � �t�� _ê��, 9� �t�� ���> Q²e ~�

¦� 3?M*  19�, Fig. 9> �,¥ ¤ 3\��.

3-2. ����/�� ���


Fig. 12� »&¼�(ð¸�u: 300 ppm) �;��� tuN� h
�

NO¥ NO2> �u2 T|D�. Fig. 7��u [�� �¥ -9 Rt�

�� NO> ��y½Uue ��M©� tue _d�� NO ���u

e _  0³d T|}��. y^�, NO2> 0i� ��� _  tu�

� ' �ue �ê��, 9 �,� ���� ®�� >� NOx �`b

³r9 w&� NO2> )q� >²� 3?P n9 �rd T|D�. 3

yD4� )q!´  tu� y"K�©� )q> oZ��ù Ö�^

Rt�� NO2 �ue � _�s ��. 1�� >�^[6, 9], �*e%�

)q!´9 _  NO2e û�M? fd   EF�� a,D4� NOxe

�¯x�R ~RM? f�. +��(»&¼�) �;��� NO2� �é

, -  y½��[6].

(14)

y½I (14)� NO2 tù �¼� NOu �`y½� f?� 67� Ñ

Òd ��� nd T|D�[6]. ¤ ��� �¥ -9 NO2� �é, -

9 »&¼�¥ y½�. ��� +�M*u ��[6, 10].

(15)

Fig. 122 ÄÅ~^ ���� ®�9 ^d  � NOx �u(NO¥ NO2

> S)e _� j=M��, 9 �,� NOe µ!Q4� �;Ò   E

F�� a,D4� �`M= d�d T|D�. '/T, ®���9 ª

eÒ�� NOx �ue ZÓ ü��� n  &Ãe%� NO2 �ue ª

e�*  19�. @> y½I (14)� NO¥ NO2> �ue -�s �

NO NO2 2NH3+ + 2N2 3H2O+→

6NO2 8NH3+ 7N2 12H2O+→

Fig. 10. CO concentrations at the plasma reactor outlet as a function of
energy density.

Fig. 9. Ethylene concentrations at the plasma reactor outlet as a func-
tion of energy density.

Fig. 11. HCHO concentrations at the plasma reactor outlet as a func-
tion of energy density.

Fig. 12. Effect of energy density on the concentrations of NO and NO2

in the plasma-catalyst combination system(C2H4: 750 ppm; NH3:
300 ppm).
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n-
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at-
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ess
�� nd T|}R, y½I (15)� NO2 wè4�u EF�� �`Õ

� féd T|}��, �,2 IS²~^ NO2> �ue {�� NO

�u¥ -�s �t��u ¦� NOxe �¯Õ � f�� �u� u���. 

Fig. 13  EFy½* ºw�� h
� 3����> �u2 T|D�.

'O�� ~� �¥ -9 y½tue 100, 150, 200oC� ªeÕ��

CO> �ue �� ªeM�4T, û8���9� �b o+M= Àê

�. Fig. 13> �,2 Fig. 10-11, "Á² ~^ V3� �î=Zu z

@�� ���� y½* ºw> CO �u~� ����/EF y½* º

w> CO �ue XY _R, ���� y½* ºw�� o+M( û8

���9� ����/EF y½* ºw��� o+M= Àê�. 9/�

�,� û8���9e EF�� CO� �+M�*  19�. 1��

>�^ û8���9� EF> �^�� m� y½� i.�� n4�

��� f��[11], Ö ·¸��u jÃ� :r9 f�d n9�R v

wx�. ¤ ��� f� �¥ -9 3����� 67� 8*����

9©� Ö 	
�� ��M� �	> 3����� 	
> gD]d @

²�� y9§ ²�²s Ò 1�9�. '/T, Ö 	
d ��� ��	


� D]��^ CO> �!9 o 1�e M= À��, ' 9j� ��

	
 �*e%�� 9£ 10,000 ppm 9r> COe 9£ �jM? f*

 19�.

Fig. 14� ��� ��	
> �ÜD� �*e% tu� 150oC��

h
� »&¼� µð�u¥ NOx �`ab,> o42 T|D�. 9 g

°�� �î=Zu2 44 J/l� R
� 9j� Fig. 12�� ~� �¥ -

9 9 �î=Zu�� {8> NOx �üabd T|v*  19�. '

O�� � � fS9 »&¼� µð"(NH3/NOx)2 0.8<= �ü§¾u

NOx �`b  �� ��M= Àê��, 9 �,� ��� U û8��

�9e NOx �`y½� i.Ò � f*  14� ²6x�. ù3 9O

��9 NOx �`y½� i.�= Àê�^ £y½ »&¼�> ��9

`> ^?s ���, � 40 ppm e	> £y½ »&¼�e ��M��
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