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Abstract − Non-thermal plasma technologies were known to be effective for decomposition of dilute pollutant gases. In the

present study the dielectric discharge plasma was examined in order to decompose toluene vapor, a kind of air pollutant VOCs.

The dielectric barrier discharge plasma using the conventional AC as an electric power source was generated inside the tubular

reactor in which the porous γ-Al 2O3 beads were packed. In order to investigate the adsorptive effect of the packed dielectrics

the non-porous glass bead was also examined and compared with the γ-Al2O3 for the abatement of toluene vapor. Experiments

were carried out at the electric voltage of 16 kV and 19 kV and at the temperature of 25oC, 60oC and 100oC respectively. The

kinetic velocity and activation energy of toluene decomposition reaction was studied in the γ-Al2O3 beads packed reactor. The

γ-Al2O3 bead showed better performance for toluene decomposition than the glass bead. As the reactor temperature rising, the

toluene decomposition rate also increased. Additionally the effect of dielectric constant of the packed dielectric was studied.
The dielectric of higher dielectric constant showed better performance than that of lower one. 
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Fig. 1. Schematic of dielectric packed barrier discharge reactor.

Fig. 2. Schematic diagram of experimental set-up.
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 0.8 mm· �ô·õ�Ô
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; GN�fø �T2. �K GNµÄ;� AC power supply(Korea Swi-
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w�� �©;���(Tektronix, TDC754C), 0�§ �;�(North Star,

VD-60), �� �;�(Tektronix, A6303)� 8��à2. ²-³� qf
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� 10l/m
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8
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Fig. 3-5� �f� �� 25oC, 60oC, 100oC| t, ²-³ ËÌ��

IwI ����� �E ²-³� qf e>� �Å�; ��� �


2. Fig. 3X 25oC�*� ²-³ _Dmn ÖI� ��� �
2. mn
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�� ²-³� qfe>� �wE �M;* �Å
 cIº� ¢	 �

� :�qf( gÒ/z* �ÂrM; ËÌ��� f£º� Ñ 4 1

2. ËÌ���{�* 19 kV� Ã��§� ·��z Z��� 750 ppm

¾/� N�E qf��� ®
�  
�X ËÌ¤ ²-³
 ���

ÏÐM; �ÅrM; AÌ�� �M; ÷Æ¤2. ���i/� ²-³

� _D( L�� AÌ�i/;f ��E �
2. |w¥
 AÌ�0

�z ²-³X ��� �D _D�. �� qf� �'�0 |wqf

�* w��{� f£�� , 
 qf� 19 kV�*� w��{ _Dq

f� ¤2. 2�M; ·��§� 16 kV; � z Z�� ²-³ qf

� �Ò/�  
�X AÌ�i/� 3 kV9! ".�� tª� #;

ËÌ
 |.�� tª
u ËÌ�� V�� �� qf� $��0 16 kV

�*� w��{ _D� f£E2. 25oC�*� w��{ ²-³ _D

kX 19 kV·�� 67%TMu, 16 kV�*� 34.6%; ��%2.

Fig. 4� 60oC�*� ²-³ _Dmn ÖI·  25oCt( �� g

X aû� ®·2. 29 19 kV·�� �ÅAÌ�� qf� 520 ppmM

; 25oCt®2 ���  
�X �X �f�*� ËÌ
 & �. 1

� tªM; ÷Æ¤2. �E 19 kV�* 16 kV; ·��§� � à�

t, 25oC( £[ |�r· ËÌ��X ���/ ¿�2. 60oC�*�

w��{ ²-³ _DkX 19 kV·�� 73.7%TMu, 16 kV�*� 51.4%

; ��%2.

Fig. 5� 100oC�*� ²-³ _Dmn ÖI·  60oCt( �� g

X aû� ®·2. 29 19 kV·�� 100oC� '� b c� �f®2

�µ ËÌ
 & �� tª� �Å AÌqf� 340 ppmM; �µ ��

Table 1. Applied electric power

Dielectric Temp.  Volt.(kV)  Wall P.(W)  Current(mA)  Reactor P.(W)  Efficiency(%)

Glass
(d=3 mm)

High temp. 19  42  1.85 19.32  46
16 32  1.22 13.52  42
14  28  0.82 09.29  33

100oC 19  54  3.14 37.68  70
16  42  2.26 23.44  56
14  34  1.59 14.43  42

γ-Al2O3

(d=3 mm)

High temp. 19  40  3.67 39.90  99.80.
16  34  3.09 28.90  85
14  31  2.67 22.24  72

100oC 19  54  3.90 33.40  62
16  42  2.10  200.0.  48
14  33  1.29 13.90  42

Fig. 3. C7H8 decomposition by barrier discharge plasma; 25oC, 10.2
LPM, γγγγ-Al2O3 packed.
HWAHAK KONGHAK Vol. 38, No. 3, June, 2000
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2. 100oC�*� w��{ ²-³ _DkX 19 kV·�� 78%TMu,

16 kV�*� 56%; ��%2.

Fig. 6X �fe>� ¢Ý �Â_Dk� ·��§�; ��� �M;

*, ²-³� ���� _Dmn�*� �f� ÏÐ� Ñ 4 12.

�	
�� �E ²-³� _D� Fig. 3-5�* ²-³� ËÌI AÌ

� �3E É_
h; 
 ÖI� Fig. 7-9� ��#à2. mn�� qf

� /4º4rM; �'�T0 curve fitting� E ÖI mn�qf� 1

¸mnå� �8�ë ��%2. Smulders ̀ 
 wire-cylinder� mn��

* (��;���M; ²-³� ��E ©´�*f mn� qf� 1̧

mnM; ��%2[9]. 25oC, 60oC, 100oC� �E mnxf�4� �

� 3.4)10−2sec−1, 4.74)10−2sec−1, 10.17)10−2sec−1TMu �f� �

Ò*� ¢	 mnxf� +	/� |mr· cÐI |Äº� ®�d0

12. �E &D� mnxf�4( mn�f� 74ÜM; Fig. 10I g


 Arrhenius plot� �� &E +^>�i/� 3.2 kcal/mol; ��%2.


 ÜX �­¼¶mn�* |mr· +^>�i/ 3.5-11.9 kcal/mol,C

� �X Ü� �¾y û-E mn
h;[10], γ-Al2O3� ��å Y�­

�� �	
�mn�#�* ²-³� _Do 4 1� �>^ ����

~^��  û-E ��� Y�­� ½ 4 1� �M; ÷Æ¤2.

Fig. 4. C7H8 decomposition by barrier discharge plasma; 60 oC, 10.2
LPM, γγγγ-Al2O3 packed.

Fig. 5. C7H8 decomposition by barrier discharge plasma; 100oC, 10.2
LPM, γγγγ-Al2O3 packed.

Fig. 6. C7H8 decomposition efficiency dielectric: γγγγ-Al2O3.

Fig. 7. C7H8 decomposition vs. time at 25oC.

Fig. 8. C7H8 decomposition vs. time at 60oC.

Fig. 9. C7H8 decomposition vs. time at 100oC.
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Y�­�� �	
�� p^� ÊE ËÌ� ÏÐ� ./®� C��

äG
 Ó� glass bead� Y�­; �� ©´E ÖI� γ-Al2O3� ©´Ö

I( ÈÃ�T2. Fig. 11, 12 0 13X 25oC, 60oC 0 100oCt� ²

-³ _D©´ÖI
2. �§
 ·��.f AÌ1Ô
 ���/ ¿M

h; ËÌ��
 Ó� �� Ñ 4 12.

Fig. 14� glass bead�*� �Â_Dk� ��� �M; γ-Al2O3�

ÈD* �f$�� ¢Ý _Dk �2�� vÅ �/9 _DkX 10-

50% ,C� �X Ü� ®
0 12. 
�X ËÌ?
 �E γ-Al2O3�

ÈD ÈËÌ^· glass bead� ËÌ?
 �� tª� �	
� _C�

#�* ²-³� ­��Å
 �'�0 ¢	* �>mn�Åf �'3�

¢Ý �M; ÷Æ¤2.

E4, �	
�mn�#�*� ²-³� _D� ÊE e4� mn�Å

è, ­��Å3� �J� ä�f e4� �u, ¢	* mn�� ��)

r &¦( 8�E Y�­� Y�k
 ÊJ� ¤2. ± mn��*�

L|E ��� γ-Al2O3( glass bead� 8��TMh; ËÌ^
� 0

í�/ ¿Mz ��)r ¸
� ��o 4 10 ¢	* Y�­� Y�

k� e4; ~�o 4 12. Y�k�w�(Hewlett Packard, 4194A)

; 100 kHz�* �w¤ γ-Al2O3� Y�kX 214T0, glass bead� 9

� ��#à2. ¢	* å (1)�* γ-Al2O3� ��E c�� glass bead

� ��E c�®2 �E �J� �^�0 ¢	* 5 WX �>^ �

��
 ~^�. 6«rM; ²-³� _Dk
 �Ò� �7� Ñ 4

Fig. 10. Arrhenius plot of C7H8 at γγγγ-Al2O3 barrier discharge plasma.

Fig. 11. C7H8 decomposition by barrier discharge plasma; 25oC, 10.2
LPM, glass bead packed.

Fig. 12. C7H8 decomposition by barrier discharge plasma; 60oC, 10.2
LPM, glass bead packed.

Fig. 13. C7H8 decomposition by barrier discharge plasma; 100oC, 10.2
LPM, glass bead packed.

Fig. 14. C7H8 decomposition efficiency dielectric: glass bead.

Fig. 15. FTIR spectrum(γγγγ-Al 2O3, 100oC).
HWAHAK KONGHAK Vol. 38, No. 3, June, 2000
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12. U$� ËÌ�f( �J�f� $�� ¢Ý ��� ²-³_Dk

� ÊE ÏÐ� w¥rM; D<�� CD*� 8s¤ Y�­ Ø�I

é9E ��&¦� �E �J�f� ä�( �>^ ���� ~^� Ê

E �äE %&� :;E �M; ÷Æ�à2. Ò2$ Fig. 15� γ-Al2O3,

100oC� FTIR spectrum
u YDE HCHO� peak(Wave No. 2897−1)


 ��%�  �cr �z�* �	
�� �E ²-³� _DmnM;

~^�� ~^�� ÊE w<E %&f 5 :;E �M; ÷Æ�à2.

5. � �

²-³� Y�­ �� �	
�; _Do t ·�¤ �§I mn�f

0 ��Y�­� ËÌp^ 0 Y�k� ¢Ý _DÖI� 2�I g2.

(1) γ-Al2O3� Y�­; 8�=� t ²-³X ·��§ 0 mn�f�

$�� ¢	 _Dk
 $��TMu 19 kV, 100oC�* 78% 0 16 kV,

25 oC�*� 34.6%� _Dk� ®T2.

(2) γ-Al2O3� Y�­; 8�=� t 19 kV·�� ²-³� 25oC,

60oC, 100oC�* mnxf�4� �� 3.4)10−2sec−1, 4.74)10−2 sec−1,

10.17)10−2sec−1TMu +^>�i/� 3.2 kcal/mol
à2.

(3) γ-Al2O3( glass bead� Y�­; 8�=� t γ-Al2O3� 5 �

X ²-³ _Dk� ��#à2. 
�X γ-Al 2O3� glass bead®2 Ë

Ì?
 lMh; mn�Å
 ñ./ u Ò2$ Y�k
 glass bead®

2 �� tª� �E �J� Y/D* �>^ ���� 5> W
 ~

^�� tª· �M; ÷Æ�à2.

����

E : electric field intensity [V/cm]

V : electric voltage [V]

d : distance between emitting electrode and ground [cm]

t : dielectric thickness [cm]

���� ��

εs : dielectric constant
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