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Abstract − Dielectric barrier plasma reactor using AC power was applied to the decomposition of toluene. Natural zeolite of
4.75-6.7 mm and glass beads of 4 to 6 mm in diameter were used as the dielectric packing materials. The effects of the dielec-

tric packing materials, the oxygen content, the peak voltage, the voltage polarity on the decomposition of toluene and the power

delivery were examined. When the dielectric materials such as glass beads and natural zeolite were packed in the reactor, the

performance for the decomposition of toluene and the discharge power increased. Despite the adsorption capability, the zeolite

showed similar decomposition performance to the glass beads, which indicates that the adsorption capability does not affect the

decomposition of toluene in steady state condition. In the absence of the dielectric packing material, higher voltage was

required to decompose toluene. As the oxygen content was increased, the decomposition efficiency slightly increased. When

the AC voltage was rectified to positive or negative half-wave, the discharge power and the decomposition efficiency greatly

decreased. The decomposition efficiency of toluene was identical, regardless of the voltage polarity changed by half-wave rec-

tification. Although the thermal incineration has larger decomposition rate constant than the dielectric barrier plasma process, it
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requires a lot of thermal energy to heat the gas to a high temperature, and thus the dielectric barrier plasma process is consid-

ered to be sufficiently competitive to the thermal incineration.

Key words: Dielectric Barrier Plasma, Decomposition, Toluene, Packing Material, Voltage Polarity

1. � �

��������(volatile organic compounds, VOCs)	 �
�� �


��, ���, �� ���, ��� �
 � �� � ��  !�"# �$

%& '(), *+ ��(adsorption process), ,- .�(catalytic oxidation),

&/ .�(thermal oxidation) �0 12 3456 789 '�[1]. :;

"< =	 >?@A"# �/ BCDE(non-thermal plasma) F< ,-

-BCDE G���(catalyst-hybrid plasma process)6 ��������

0 HIJ K  �
LMN O(P Q '< -R SAT� 346C&

U&V& '�[1-6].

�WX BCDE 3W(dielectric barrier plasma discharge, DBD)	 Y

Z [\] 3W(pulsed corona discharge)A ^_ �/ BCDEJ `5

a b Q '< OLT� 340  cd\e, ��%< W�"fd< 1-10 eV

cg0 &"fd W�J $�V<h ijk�[4]. $�k &"fd W

�< cZl0 .�, �� �A mnVo ��  p�0 CqrA 6/

N $�V), 6s  t�p5	 �����A LMVo �����6

HI%uv  �[4-6]. w` xyC, &"fd W�< z{T� W�m

n0 |}\ �����~0 �
@�N ��� Qu '�[5]. DBD ��0

��	 �WX0 ��"# ��KV� �$%< �� 3W(microdischarge)

6�[4]. ��3W	 �ck W�6 cZ0 �>�� W�(breakdown voltage)

U� �N � Oa]), W�i6" W�c �J Q '< �\(conduction

path)J ��I ��. WVc �WX" �T�" �C ��T� W�� �

�c �>��c c�  ��6V\ ��� � ��3W	 p�k�[4, 7].

���d ��  ��������0 HI" DBD ��N TjI �

i ¡ �.� H¢" £  >?c ¤¥%a '�< V], xz ¦UT

� Q�6), DBD ��N ��������0 �a" §�T(\ T

jV� KI#< LM� � ¨W �C�©, cZ
�, "fd �ªg �

" £  U� =	 >?c «¬V�. W�i60 ­® w`xyC �W

X m¤�0 ¯�¡ os cd �2T ��5	 LM�0 �>�� W

�N °�±P Q '(²\ �WX 3W" ³´N b Q '�. �WX

" WV0 �TA �ª< W�0 ��(polarity)" �C os cd °�

J O(P Q '(²\ W�0 �� F  �WX 3W � �����0

HI" ³´N b Q '�. µ¶" �����0 HIJ K  "fd S

·	 cZ
� � *+��A ̧ 	 �WX0 ��" 0¹� Q '�. �

>?< �2?º F< »> �¼C6�\ m¤k �� ½�| �WX

BCDE 3W LM�(coaxial DBD reactor)"#0 ¾¿À HI" £I

�¿& '(), >?0 ÁT	 �WX m¤�0 �2T ��, cZ
�,

Â¯W�, W�0 ��6 ¾¿À0 HI � WÃ0 WÄ" �Å< ³´

N �g�V< Æ6�.

2. ���� 	 
�

Fig. 1	 lÇ0 ?2 È(copper rod), �WX� �2É(pyrex) µ2&

Ê�0 7¿�Ë ÌO(aluminum foil)\ ?�k DBD LM�0 !Íu

6�. ?2 È0 dÎ	 9.1 mm6&, �2É0 ~ÏA ÊÏ	 ÐÐ 25.8 mm,

30.2 mm6�. �C#, ?2 È"# �2É0 ~Ñ ���d0 Ò2<

8.35 mm6�. 3W6 Oa]< LM�0 �SÓ6, Ô, �2É0 ÊÑ

��6 7¿�Ë ÌO\ Õs Ö� Ó6< 416 mm6�. ×�(AC) &

W�(60 Hz)	 lÇ0 ?2 È" �c%) 7¿�Ë ÌO	 {d%a

'�. ×� &W� �$�Å\< Ø/ �ÙZ(neon transformer)c ij

%Ú(), Ø/ �ÙZ0 ÛÃ W�	 80-220 V(AC) �K\ c°%Ú�.

DBD LM�¡ {di6"< 1.0µF ÜÝ#c zÞ\ >@%a '(),

6 ÜÝ#" mWk WVJ Ñ�Vo LM�" ��k ßàWÃ(3WW

Ã)6 á.k�. LM�< »> �¼C6� F< �2 ?º(Sigmund Lindner,

Germany)\ m¤%a '�. »> �¼C6�< ¯�c àOVd â()

4.75-6.7 mm �K6&, �2?º	 4 mm, 5 mm, 6 mm � p�J ij

Vã�. � >?" ijk »> �¼C6�0 ä¬ ?� �H	 SiO2¡

Al2O36), ��0 �Â(pore volume)¡ &X0 �Â< Ò0 ¸& å�

�T	 æ 90 m2/g 6�[8].

Fig. 2< ¾¿À0 HIJ K  �WX 3W ��0 !Íu6�. §ç

" ijk ªi è� cZ(mixed gas)0 ä¬ �H	 ��(N2)¡ .�

(O2)6&, 650 �g	 �gá\ 
�%Ú�. 80%(v/v)0 N2, 20%(v/

v)0 O2 µ2& ¾¿À(\ 6¿a¤ è� cZ< LM� Û?\ �Û

%), ¾¿À0 éu< ê��(6.4oC"# 1.333 kPa)N 6jVo �ë

A ¸6 
�%Ú�. ¾¿À6 5a '< -Z BCZ¯J 6.4oC0 O

�  /u\ �d%& '< ìÐ í/Q
" îc ï	 ð}"# -Z

BCZ¯" ��J �A±ñ� ��< 6 /u"# ¾¿À(\ Ì�k�.

��0 �g	 �g
��Å(mass flow controller)(Model 1179, MKS

Fig. 1. Schematic description of the dielectric barrier plasma reactor.
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Instruments, Inc.)" 0I 
�%Ú<h, 6 /u"# Ì�k ��0 ¾

¿À éu< 13,000 ppm(parts per million volumetric)6�. 6� è�c

Z"#0 ¾¿À éu< �ëA ¸6 á.� Q '�:

(1)

o�#, CTOL< è�cZ"# ¾¿À0 éu, Q1A Q2< ÐÐ è�c

Z0 ä¬ ?� �H� ��¡ .�0 �g, µ2& Q3< ¾¿À0 Ì

�J KI ijk ��0 �g6�. � >?"#< è�cZ0 ò �g

N 0.0333 L/s\ 
�Vã�.

¾¿À0 éu< �X ¯\Eóµôõ(Hewlett Packard 5890)J 6j

Vo H¢Vã�. 3W W�"#0 W� Ñ�"< 1000 : 1 &W� õ\

ö(high voltage probe)(PVM-4, North Star Research, Inc.)c ij%Ú

&, Fig. 1" u±%a '< 1.0µF ÜÝ# �÷0 W�	 �øåc 10 : 1

� W� õ\ö(Tektronix P6139A)J ijVã�. W� �|(voltage

waveform)0 Éù � h6© ��" ijk qdú û§\Z[õ< Tektronix

i0 TDS 3032(\e £üý	 300 MHz6�. ×� &W� �$�Å

0 ÛÃ WÃ	 qdú WÃÑ�á(Yokogawa WT200)J ijVo Ñ

�%Ú&, ßà 3W WÃ	 DBD LM�" zÞ >@k 1.0µF ÜÝ#

0 WVJ Ñ�^" 0I 7 Q 'Ú�.

3. �
 	 ��

3-1. �� �� � �� ��

Fig. 3(a)¡ (b)<   þ\e ×� &W� �$�Å0 ÛÃ W�6 190 V

O �0 W� �|(a)A WV-W�u(charge-voltage plot)(b)J ]ÿ��.

WV-W�u"# ��a¤ ª�0 ß¥i°| �T	   ä�(cycle) �

� LM�" ��%Ú�c �ª%< "fd" I�%), o�" ×�

(AC) WÃ0 ä�Q(frequency)� 60 HzJ �V� ßà 3WWÃ6 k

�. K0 ß¥i°| �TN á.Vo 3WWÃN á.V< 34(\

�ëA ¸	 ��6 ��" U&%a '�[9]:

(2)

o�#, f< W�0 ä�Q(60 Hz), Cd¡ Cg< ÐÐ �WX¡ �X(gas

gap)0 	
±�Z(F), µ2& Vs¡ Vo< ÐÐ �X 3W !±W�(gas

discharge ignition voltage, volt)A Â¯W�(peak voltage, volt)6�.

Fig. 3(b)"# ß¥i°|0 slope 1A slope 2< ÐÐ 1/CdA (Cd+Cg)/

CdCg" I�V) �\�(W��)0 ��(intercept)	 �X 3W !±W

�6�[10, 11]. �C#, � (2)< 65 
5N cd& �� á.� Q '

�. � >?"#< ß¥i°|0 �TN U� �� ?V� KI µôõ

0 ò �gA ß¥i°|0 �gN W� ��N 6jVo Ñ�V�u

Vã<h, ß¥i°|0 �TN ?V� K  K0 � 34	 5%6~0

�	 OÅJ Uo äÚ�. Fig. 5"#   ä�� DBD LM�" WÄk

"fd¡ ßà 3WWÃ	 ÐÐ 431.3 mJ¡ 25.9 W� Æ(\ ]ÿ��.

3-2. ��	 
��
 ��

Fig. 4< os cd �WXJ DBD LM�" m¤VãN � ÛÃ W

ÃA 3W WÃ0 ÉáJ ]ÿ��. �WX m¤�\ ijk Æ	 4 mm

"# 6 mm0 �2?ºA 4.75-6.7 mm0 »> �¼C6�ã�. 4-6 mm

0 �2 ?ºN m¤VãN � �a¤ 3WWÃ	 »> �¼C6�¡

�i  |}J ]ÿ~Ú(], m¤�6 �N �0 3WWÃ	 
� �

��. 6 @A< �WX m¤�6 �" ��  ��3WN SAT(\

�uVã&, �X(gas gap)0 �>�� �uJ êc±�(\e W�i

60 Wu �íN ¯� ��±�� ��� Æ(\ I¢k�.

¾¿À0 HI" �Å< �WX0 ³´	 Fig. 5" �±%a '�. 6

µ�"# "fd �u(energy density)< WÃ/cZ�g(\ �0%),

CTOL ppm( ) 1.333
101.325
-------------------

Q3

Q1 Q2 Q3+ +
----------------------------- 106×=

P 4fCd

Cd

Cd Cg+
-----------------Vs Vo V s–( )=

Fig. 2. Experimental apparatus for the decomposition of toluene.

Fig. 3. Waveform of the voltage (a) and the charge-voltage plot (b) (peak
voltage: 24 kV).
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3WWÃN ��(\ á.Vã�. Fig. 5" ]ÿ� OLT� Ï´	 ¾

¿À0 HIc "fd �u" �C êc �< Æ6�. ��" 0V�

3W" 0I �$k Cqr � 6/ �6 �����0 HI" l¬ 

ü�N V), �����A W�0 z{T� mn(direct electron impact)

F  �����0 �
@�N ��V<h �oV< Æ(\ 789 '

�[5, 12]. �C#, "fd�u êc" �C ¾¿À0 HIS·6 êcV

< Æ	 K¡ ¸	 ��  t�p50 �$g êc\ I¢� Q '�.

Fig. 5" ]ÿ� �¡ ̧ 6, ¾¿À0 HI ��	 �2 ?º6] »> �

¼C6� ̧ 	 �WX0 ¹�V"# ̄ � êcV<h, 6< W�i60 �

X(gas gap)" £  W�� ��(electric field intensity)0 °�J cd& �

 � Q '�. W�i60 �X" £  W�� ��(El)< �ë �A ̧ �[6]:

(3)

o�#, V< �c W�, d< W�­ Ò2, t< �WX �_, εs< �W

X0 å�W·6�. � (3)" �!� LM�" �WXJ m¤"N �, �

X �H0 W�� ��c #I¤�< ÆN 7 Q '<h, W�� ��

c #Id� %� ��  t�p50 �$6 ,¤%& W�5	 U�

�	 $u\ c$%a ¾¿À0 HIc % j6I � Æ6�. �2?º

0 ¯�c 6 mm"# 4 mm\ ���" �C, ¾¿À0 HIS·	 ê

cV< Ï´N ]ÿ~& '(] µ �6c ¯d< â�<h, 6 6�<

� §ç �K(4-6 mm)"# W�� ��0 °�c ÇVd â�� ��

� Æ(\ U��. o�# ijk LM�0 W� Ò2c 8.35 mm\ &

x % ' ¯�0 �2 ?º m¤6 � %a '�. F  % (	 ¯�

0 �2?ºN ijV� %� ¾¿À0 HI��6 ) % ´ð� Æ(

\ þð%] ��*(void fraction)6 ��Vo cZ0 �Î" a8+6

'N Æ6�.  �, »> �¼C6�(4.75-6.7 mm)c LM�" m¤%Ú

N �0 ¾¿À HI��	 �¼C6�0 *+��A ' å��T"u

,?V& �2?º0 ÏR¡ �iVã�. þå §ç"# »> �¼C6

� ��" ¾¿À0 *+ ß|	 15H ÏA -" Oa]< Æ(\ ]ÿ

�(), ¾¿À éu ��" �Å< *+0 ³´(å�ðð})N .�V

� KVo, »> �¼C6�J m¤VãN �0 éu Ñ�	 &W�N

�c  - 15H6 d� �ë Q¥%Ú�. Fig. 5"# �2?ºA »>

�¼C6�0 �i  HI��	 ±Z/6 �ðð}" uÄV& ]�

�WX0 *+ ��6 ¾¿À0 HI" ³´N äd 0V), ¾¿À0

HI< BCDE 3W" 0I#` t��� Q '�< ÆN ]ÿ��.

3-3. �� ��
 ��

¾¿À HI ��0 Â  ̄W�" £  0¹�6 Fig. 6" ]ÿ] '�.

¾¿À0 HIS·	 �ck Â¯ W�" �C êcV<h, 6 6�<

êck W�� ��c W�0 $u � 3W WÃN êc±1 .� Cq

r, û¹, �� CqrA ¸	 t�p0 �$gN êc±�� ��6�.

�WX m¤�6 �N �< ¾¿À0 HIJ KI % �	 Â¯ W�6

«¬Vã�. þJ 5a, 5 mm0 �2 ?º6 m¤k DBD LM�0 Ï

R, 25 kV0 W�"# £�H0 ¾¿À6 HIk L�, m¤�6 �N

�< �O  W�"# 87 ppm0 ¾¿À6 �LM ð}\ 2x '�. w

` xyC, m¤�6 �N �< m¤�6 'N �U� % �	 W�"

# ¾¿À0 HIc Oa]� ±( �. �WX m¤�6 �< ÏR, ¾

El
V

d t–( ) t
εs

----+
-----------------------=

Fig. 4. Relation between the input power and the discharge power for
the different dielectric packing materials.

Fig. 5. Effect of the discharge power on the decomposition of toluene.

Fig. 6. Dependency of the decomposition of toluene on the applied volt
age.
���� �40� �1� 2002� 2�



��� ���� ��� �� �� 125
¿À0 HI< 18.8 kV 6V"#< Oa]d â<�. µs], 5 mm0

�2?ºA »> �¼C6�c m¤%ÚN �< ÐÐ 12.0 kV¡ 14.4 kV

"# ¾¿À0 éuc ��V� ±( �. 6s  @A< �>�� W

�A É3%< �ð(\ xô¡ ¸6 I¢k�.

Fig. 7	 5 mm0 �2?º F< »> �¼C6�c m¤%ÚN �¡

m¤�6 �N �0 WV-W�u(charge-voltage plot)\e, K" �� 

�¡ ¸6 W��(�\�)0 ��	 3W !± W�N ]ÿ��. Fig. 7

"# Éù%< �¡ ¸6, 3W !±W�	 Fig. 60 ¾¿À HIc ±

(%< W�A OÅV& '�. »> �¼C6�\ m¤k LM�0 3

W !±c �2 ?º6 m¤k LM�U� % �	 W�"# Oa]<

6�< �¼C6�0 ���(porosity) ��� Æ(\ U��. o�# i

jk »> �¼C6�0 �� �Â(pore volume)< &X0 �Â¡ Ò0

¸(²\, �¼C6�0 WX �Â"# 4Q5 &Xc �dV< �Â<

�L" ,AV�. L�, �2 ?º	 ���6 �a �2?º WX �Â

c &X �Â6�. �C#, LM�" �WX0 m¤" �6 �X �H0

W�� ��0 êc< � (3)"# U< �¡ ¸6 �2 ?º0 ÏRc

% ¯), % �	 W�"# 3W6 !±k�.

Fig. 8	 Â¯ W�0 ^Q\ ]ÿ� 3W WÃ0 °�6�. 3W W

Ã	 �ck Â¯W�" �C dQT(\ êc �. 6 µ�"#u 7

Q '76, 3W WÃ6 Éù� Q '< W�	 K"# ��  3W !

± W� 6ð6�. �O  W�"#< �WX m¤�6 ij%ÚN �

0 3W WÃ6 �WX m¤�6 �N �U� % ¯�. 6 @A< �W

X m¤�6 �X0 W�� ��J êc±1 W�i60 Wu �íN

��±�� ��6�. �C#, Fig. 6" �±k �¡ ¸6, �O  W�

"# �a¤ ¾¿À HIS·	 m¤�N ijVãN � % �x¤�.

3-4. ����
 ��

ªi è� cZ"# .�/��0 å· °�" �6 ¾¿À0 HI Ò

�6 "fd �u0 ^Q\ Fig. 9" �±%a '�. µ�"# 8 Q '

76, HIk ¾¿À0 �	 cZ
�" ³´N 9& '<h, .�^g

0 ��" �C ¾¿À0 HI ��6 
�: ��V& '�. ��.�

�0 �ÒJ £ð(\   �; >?@A" �!� û<��0 �ÒS

· � �Ò LM�?(reaction mechanism)< cZ 
�" ¯� 0¹V

& '�[13, 14]. E=cd\ ¾¿À0 ÏR"u �ÒS·6 cZ0 


�" 0¹� Æ(\ >÷%<h, 0¹ �uc ��.��0 ÏRU�

(	 6�< LM�?\�© ?�� Q '�. ��.��(NO)0 ä¬

�Ò Ï\< .� Cqr(O), OH � û¹" 0  .�LM6�. ��

Cqr(N)	 NO0 @½ LM" ÉoV�u V] NOJ $�±ñ�u

Vo N Cqr6 4Q5 NO0 ��" �Å< ³´	 Ò0 ��. L�,

¾¿À0 ÏR< O Cqr, N Cqr, &"fd W�, O+, O2
+, N+, N2

+¡

¸	 6/ �6 ª� HI LM" ÉoVo cZ
�6 �Aau HI

S·	 ��.��1B ' �6J ]ÿ~d â<�. �`, .�éuc

��V� %� ��"# åCk t�p � &"fd W�0 ³´6 D

d), L£\ .� éuc êcV� .�"# åCk t�p50 ³´

6 ð£T(\ Dd� � w6�. µs], ��¡ .�< @�0 I2"

fd(bond dissociation energy) � 6/�"fd(ionization potential)"

�6c 'a �O  "fdc LM�" EÛ%%Cu Cqr � 6/

�$g"< �6c 'N Æ6�. Ô, cZ0 
�" �C ¾¿À0 HI

Fig. 7. Charge-voltage plots for the different packing materials.

Fig. 8. Variations of the discharge power as a function of the applied
peak voltage.

Fig. 9. Concentration profiles of toluene at the reactor outlet as a func-
tion of energy density for different oxygen contents.
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J K  "fd S·" �6c $�� k�. o�#, "fd S·	 E

Ûk "fd £å ¾¿À �ÒgN ]ÿ��. ��0 I2"fd(9.8

eV) � 6/�"fd(15.5 eV)< .�0 I2"fd(5.1 eV) � 6/�

"fd(12.1 eV) U� ¯²\[15], .� éuc ��V� %� ¾¿À0

HIJ K  "fd S·6 �xd), L£\ .�éuc �xd� "f

d S·6 êc �. Fig. 9"# .�éu" �C ¾¿À0 �ÒS·6


�: °�V< 6�< 6¡ ¸6 LM�?J cd& � � Q '�.

3-5. ��
 ��� �� ��

W�0 ��(� F< ë)6 ¾¿À0 HI" �Å< ³´N ßcV�

KVo ×� &W�N &W� �6ûF(diode)J ijVo L� ��

(half-wave rectification)Vã�. Fig. 10	 W�0 ��6 ¾¿À0 HI

" �Å< ³´N Uoä& '(), å×J KVo ×� &W�N ij

VãN �0 @Au x�s �±Vã�. 6 §ç"#, �WX m¤�\

< 5 mm �2 ?ºN ijVã�. Fig. 10"# 8 Q '76, �� &

W�(positive half-wave)N �cVo �a¤ ¾¿À0 HI S·	 ë�

&W�(negative half-wave)0 @A¡ Ò0 *iV�. µs], 6¡ ¸6

�ck &W�6 4Q  ��(positive) G	 ë�(negative)� ÏR, ×

� &W�" åI ¾¿À0 HIS·6 ��5 Ha¤�. 6 @A< 3

W WÃ0 ��" 0I � � Q '�. ×� &W�6 L���%ÚN

�, LM�\ WÃN WÄV< Æ6 -R a8I, Fig. 11" �±k �

¡ ¸6 3WWÃ6 ¯� ��%Ú�. §ç W" þðV�\< L��

�VãN �0 3WWÃ6 ×� &W� 3WWÃ0 æ 1/2 cgO Æ(

\ ?�Vã(], §� �a¤ 3W WÃ	 1/2U� JK (��.   þ

\, �c W� 20 kV"# ×� 3WWÃ	 æ 16 W�h LI L���

%ÚN �0 3WWÃ	 2 W �`6�. 6L� &W�0 L� ��" �

C 3WWÃ6 ��V< Æ	 ��  ��(� F< ë)N c¤ W�	 �

WX" WV0 �TA �ªJ 3IVo 3W6 ½t5 Oa]d 0Vu

v  �< ÆN 0� �. @AT(\ ¾¿À0 HIS·A WÃ0 WÄ

ÉM"# ×� &W�N ijV< Æ6 % �NzV�& � Q '�.

3-6. ���
 ���  !"

�; >?"# ¾¿À0 HILM$uJ ¾¿À0 éu" £I# 1

�, 3W WÃ" £I#u 1�\ c�Vo OU� HI$u ðQ (apparent

decomposition rate constant)J @�Vã(), OU� HI$u ðQJ

cd& þÑ  ¾¿À0 HIS·	 §ç@A¡ P OÅVã�[16]. G

Q  ¾¿À0 HILM�?J ÷4�Vo ]ÿ� OU� HI$u ð

Q< �ë �A ¸6 ��k�.

(4)

o�# kd< OU� HI$u ðQ, P< 3WWÃ, Q< cZ �g,

CA0¡ CAL	 ÐÐ LM� Û? � R?"#0 ¾¿À éuJ ]ÿ��

[16]. � (4)¡ 5 mm �2 ?ºN m¤Vo �a¤ ¾¿À HIh6©

(Fig. 5)J 6jVo OU� HI$u ðQ kdJ ?V� 3.45×10−3(L s−1

W−1)\e, �; YZ [\] 3W >?"# �a¤ 4.68×10−3(L s−1 W−1)

U� 
� (��.

Cooper �[17]	 mn6S(collision theory)N §ç��¡ @�±1

940-1,140 K �K"# �����N �Ð� �, �S 1� $uðQ kJ

?�V< 34N ��"�. 6 34	 H�gA �����0 p�"

0¹ �.

(5)

o�#, A< Tu��(frequency factor), E< t��"fd(activation

energy), R	 �XðQ, T< �£/uJ ]ÿ~), Tu�� A< �ë

A ¸�.

(6)

� (6)"# H�g6 92� ¾¿À0 ÏR mn $u(collision rate) Z

< 2.85×1011s−1, H�0 �V
T ?
 ��(steric factor) S< 16/H�

g, t��"fd E=−0.00966(H�g)+46.1 cal/mol-K, yO2< .� UH

·(mole fraction)6�. �£�Ã Pa< atm0 ÷KJ V<�. � (5)¡ (6)N

6jVo &/ �Ð0 �S 1� $uðQJ á.V� 1,000 K0 �	

/u"# 15.96 s−16�.

� (4)0 OU� HI$uðQ kd¡ � (5)0 �S 1� $uðQ k< #

\ ÷Kc ÄC, å×J KI#< ¸	 ÷K\ �O%aW  �. � (4)"

# 7 Q '76 kd¡ P/Q0 �6 &/ �Ð0 �S 1� $uðQ" I

� �. � >?"#< "fd �u P/QJ 0-1,000 Ws/L(F< J/L) �

kd
1

P Q⁄
----------ln

CA0

CAL

---------=

k Aexp E–
RT
------- 

 =

A
ZSyO2

Pa

R
---------------------=

Fig. 10. Effect of the voltage polarity on the decomposition of toluene. Fig. 11. Effect of the voltage polarity on the discharge power.
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K.:

 T.:

t-

R.:

r-

the

the-

ea

ck,

J.:

nd

ng

en,

n-
K\ c°Vã<h, kd(P/Q)< P/Qc 500 Ws/L¡ 1,000 Ws/LO �, Ð

Ð 1.73 s−1A 3.45 s−1\e &/ �Ð0 �S 1� $uðQ 15.96 s−1U

� (�. µs] &/ �ÐN KI#< .�cZJ �	 /u\ cXV

<h Y£  X"fdc EÛ%aW V²\ �WX BCDE ��6 Ï

�� Ñ�"# mH5 ÏZ c�V�< ÆN 7 Q '�.

4. � �

�2 ?º6] »> �¼C6�¡ ¸	 �WXJ LM�" m¤Vã

N �, �X �H0 W�� ��c êc%a ¾¿À HI �� � 3W

WÃ6 êc%Ú�. �2 ?ºA »> �¼C6�< HI �� � 3W

WÃ" 'a# ' �6J ]ÿ~d â�(), �2 ?º �WX0 ÏR

¯�c ���Qv ��  ��´ð6 ]ÿ��. »> �¼C6�< �

	 å��TA *+�"u ,?V& �2?ºA �i  ��N ]ÿ~

Ú<h, 6< �ðð}"# *+��6 ¾¿À HI" a[  ³´u

�Åd 0V), ¾¿À0 HI< BCDE 3W" 0I#` t��k�

< ÆN ]ÿ��. ×� &W�	 �� F< ë� &W�U� ¾¿À H

I�� � WÃ WÄ" 'a# RQVã�. .� ^g6 ��^" �C

¾¿À0 HIJ KI % =	 "fdc «¬Vã<h, 6 @A< .�

c \]� �0 ¾¿À HI LM"< ��"# åCk Cqr � 6/

0 ü�6 Dd), ��< .�U� �	 I2"fd � 6/�"fd

J V� ��6�. LM�" �WXJ m¤V� %� 3W !±W�6

�x9 ¾¿À0 HIc ±(%< W�6 ¯� �xd< Æ(\ ]ÿ

��. ¾¿À0 HIc &/" 0I t��%< &/ �ÐA BCDE

3W" 0I t��%< ÏRJ å×"N �, &/ �Ð0 ÏRc % �

	 HILM$uJ ]ÿ~Ú(], &/ �Ð0 ÏR< .�cZ" Y£

  X"fdJ EÛIW V²\ Ï�� Ñ�"# �WX BCDE �

�6 mH5 ÏZ c�V�< ÆN 7 Q 'Ú�.

� �

� >?<  �A
�÷ ÁT�¦>?(2001-2-30900-001-2) d½(\

Q¥%Ú(), 6" �i F^y�.

����

A : frequency factor [1/s]

CA0 : concentration of toluene at the reactor inlet [ppm]

CAL : concentration of toluene at the reactor outlet [ppm]

Cd : capacitance of the dielectric material [F]

Cg : capacitance of the gas gap [F]

CTOL : concentration of toluene in the mixed gas [ppm]

d : distance between the electrodes [cm]

E : activation energy [cal/mol]

El : electric field in the gas gap [V/cm]

f : frequency of the applied voltage [1/s]

k : effective first order rate constant defined in Eq. (5) [1/s]

kd : apparent decomposition rate constant [L s−1 W−1]

P : discharge power [W]

Pa : absolute pressure [atm]

Q : flow rate of the mixed gas [L/s]

Q1 : flow rate of nitrogen in the mixed gas [L/s]

Q2 : flow rate of oxygen in the mixed gas [L/s]

Q3 : flow rate of nitrogen used for the saturation of toluene [L/s]

R : gas constant [cal/mol K]

S : steric factor [-]

T : absolute temperature [K]

t : thickness of the dielectric material [cm]

V : applied voltage [V]

Vo : peak voltage [V]

Vs : gas discharge ignition voltage [V]

yO2 : mole fraction of oxygen [-]

Z : collision rate [1/s]

#$%� &'

εs : relative dielectric constant of the dielectric material [-]
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