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 �� � �����	 
� �� 
�� VOC� ���� ���� �� ��� ��	  !" #� $������ %

&'( ��)*+ �,'-.. /01� 
�2 150 ppm 34
 56 VOC 7� 89 �+ :;'< =>� �?@+ A

BC�	 DEF � GH+ I
'-(, JK2 ELM N OPQ /013 RST<U 95% B�� �� VOC �� �� V

W+ X+ � GY.. #� $������ DEZ[ VOC� ��VW� �\� ]^+ _`ab� JK� ELbc, VOC


�, #�d� e fZ �� gBT��, 3h� ij+ kl'-..

Abstract − Regenerative catalytic oxidizer(RCO) having high recovering efficiency of energy enables catalytic purification

of polluted air containing a low content of volatile organic compounds(VOCs). From experimental study of the regenerative

catalytic oxidizer, the VOC toluene concentration higher than 150 ppm can be handled without introduction of additional

energy. The removal efficiency of VOC from the polluted air is around 95%. The influence of several operating parameters

including cycle period, concentration of the VOC and mass of inert material(cordierite honeycomb) on the removal efficiency

has also been examined.
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1. � �

��������(VOC)	 
�� 
� �����, ��� ����

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

/0 12�3 &',4 VOC4 �56 78� .9:� ;<� =>

�� ?@()A)BC# DE,� -4F, GHIJ BK# L	 ?@M

N6 OP% QRS TU" V# DE,� -.[1]. �WIJ XY�3

4 �WZ �8� 750oC #[U" ��\] ^2_ IJ� `� a -

�b, GHIJ XY�34 IJc(GH d)Z �8� 350oC 28" �

�:=8 eRIJ� �f:.[2-5]. :�b VOC� GHIJ gh�i

?@:� j\34 IJ gh�8k� �l��4 m# no:.. #�

p# gh�8k� VOC� �l��4F qo% l� rJ�:� j\

sl IJ��t# 8u_..

sl IJXY4 ghl �v# �	 �lgh�3 lMN� w[�

�� j\ Motros T[6, 7]# )^:x�, .9% gh� $\ I�:x

.[8-10]. XYZ ��	 IJc6 y z #[Z slc" ��,{ -

4F, slc�3 ��Z |}# ~��U" ���3 IJ&����

3 sl�" l# OX,4 626 sl�� OX_ l# �u,4 �

�� �l:4 62# g�_.. #� p# sl IJXYZ ��	 g

h� Z\ �v_ l# sl H�� �\ �u,4 ��� �� R�,

8� �U"3, gh�# �2�8 #[ ,{]b gh# ��,4 G

Hgh�3 lMN� L� a -8� % m#.. sl IJXY4 ?�

� �/� )�:4F -{ #/��� /��i �/��� b�4F

�E:xU�[11], Eigenberger� Nieken[12]# sl IJXY� GHI

Jgh� 8u:= 78� �	 �� �4 �"� ����Z GHI
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J �� � �85� T� $\ ��:x.. Beld T[13]	 �� 6 �

"�# ��_ ��� GHIJ ¡ ;, sl IJXYZ ){� ¢£ M

N� `� j% �8 ¤2 T� $\ ��:x..

#� p# sl IJXY� #E% GHIJ �� I�4 ~" �"

�U" b¥ �D VOC� #E:= c¦% §6#A�, ¨©ª �«¬

#­� #E:= #� ®¯% I�� $°5#.. :�b c) 12�

3 DE,4 E)4 ~�5# ±²³U" ,{ -�, #� ´µ &',

4 VOC8 ±²³# ~�5U" ,{ -.. c) GHIJ gh	 gh

�6 DE,4 GH� ´µ IJgh ��# �µ�� ;<� XY�

¤¶:4F -{3 IJGH� I¶:= 12�3 &',4 ±²³U

" b¥ �D VOC� #E% c¦§6� · �E:.. �¸, 12�3

�v,4 VOC� eR¸ J¹ ?@º a -8� sl IJXYZ ){

�� ¤2 � GH dZ �8 »�� ´¼ sl IJXYZ QR ��

T� ½¾:4F M6�� mU" �¿_..

À I��34 /0 v/ ÁX�3 &',� -4 VOC� M6�U

" ?@º a -4 XY� z�:� j\, ÂÃ# Ä�_ :Å¨ GH

[�3 ±²³Z IJgh ��� 5Æ:�, :Å¨ sl�� ÂÃ Ä

� :Å¨ GH� #E:= sl GHJ¹XY� )Ç:�, ±²³U"

b¥ �D VOC� #E:= sl GHIJgh ��� �D:x.. 

2. � �

2-1. ����

À I��3 DE% sl GHJ¹XY4 IJGH, sl�, È�l

1É XY" ��_ IJc, �D VOC )� � 1É XY, ��t )

{ � 5Æ XY" ��,{ -.. IJc	 �ÊËU" nÌ� È� l

1É XY� ¤Y,{ -�, 9Í� ÎÏ� ¤Y:= |}� �Ð a -

8� :x.(Fig. 1 Ñ�). IJGH4 ÒÓ{µ#Ô :Å¨� ÂÃ�

Ä�(2.3 g-Pt/l):= DE:x�, sl�4 ÒÓ{µ#Ô :Å¨(200

cpi)� �$" DE:x.. IJGH � sl�" DE% :Å¨	 Õ�

� 150×150×100 mm#.. #m� Ö×3 (2_ yØZ :Å¨ sl�

� ��:x.. È� l 1É XY4 £�IJ ÙÚ" 8���� IJ

�i ÛÜU" 1Éº a -8� ��,{ -.. È� l	 sl GH

J¹XY� Ý�� ®lº ; DE,Þ�, VOCZ 78� �× ��t

# ^2�,� ß� ; à� l� 1É:= ��t# ^2� ,8� :

x.. �D VOC4 ±²³6 1�� #E:= báÞ.. â��l BK

U" �2% �8(40oC)" ��_ ãäE�� ±²³� 1/3 28 å�,

:°�3 1� ��� �v,8� := ±²³# ��_ ��� b¥

.. # ��� �2 �æZ 1�� ��:= (2_ 78Z �D VOC

� báÞ.. sl GHJ¹XY�3 �� |}Z Rç	 ��tZ ^

2�
 QR� j\ Hè no:!", '� ¯Z �8� 2\� �8�

8�:� ��Z |}# ÛÜ�U" ��8� :x.. sl�Z �8�

¯2:� j\ lR$� 14z ¤Y:x�, :#Ï@� ��¶

(YOKOGAWA, DR230)� ¨©ª� #E:= 5Ý âéU" ¯2 ��

:x..

2-2. ����

c¦	 ®lc¦6 ��������Z sl GHJ¹ c¦U" �

5:= a�:x.. sl�Z ®l� ´¼ VOC J¹ ��»�� ��

:� j% ®lc¦	 p	 �æZ 1�� êëÈì�3 GHD#� ¤

Y_ IJ�� #E:= l(8��� IJl)� 1É:= sl�Z �

8� [í�î g�, ��������Z sl GHJ¹ c¦	 ®lc

¦6 Ü�:ï 8���� 1É:�3 Ü�� �D VOC� 1É:x..

�D VOC� 8���� p# 1É,� VOC� ð� -4 IJl� Z

\ ��t# ñï ^2� ,ÞUò, VOCZ 78� L	 óè Û� I

Jl" QR# �f:x.. IJl 1É	 GH dZ �8� [%�8

(350oC)� :%�8(200oC)� ¤2:�, # �8ôj ì�3 IJl#

1É,8� :x.. GH� Èõ:� j\ GHZ [%�8� ¤2:x

�, VOC� ^2�U" IJ,8� :%�8� ¤2:x..

sl�� GH d� �6:4 �� |}� 2 Bw6 ö BwU" �

5:� ��tZ QR62� ¤÷:� .�6 p.. øO 2 Bw|}

�3 IJl# 1É,� # l# sl�(A)� �l%.. �â# �ù�

´µ sl�Z �8� sl� Í¿� ��4 ��Z �8� [í%..

�2�â# �� sl�� �6% ��Z �8� (2_ �8($°5Z

óè 45oC)" ,� ��Z |}# ö BwU" �ú.. ��Z |}#

ö BwU" ���, � Ü^ sl�(A)� OX,Þû l# �u,4

��� �l��ò, # l6 IJl# g$ ¯ sl�(B)� �l%..

��� ¶ü |}� ´µ sl�(A)Z �84 33¸ �×��, ��"

°ª sl�(B)" 1É,4 læ# ý�:ò, sl�(B)� �6% ��

Z �8� [í%.. ��Z �8� (2_ �8(45oC)� ,� ��Z

|}	 .� 2 BwU" ���, ��"°ª l� 1Éþÿû sl�

(B)� g$" ��� l� 1É:� g$ ¯ sl�(A)4 ��"°ª

l� 1Éþ× �8� [í%.. #� p# ��Z |}# ~��U"

g�,�3 ̂ 2�,4F, sl�Z �8 � u�� '��3 VOCZ 7

8� ̄ 2:= sl GHJ¹XYZ J¹��� 5Æ:x.. �����

���	 THC(total hydrocarbon)5Æ�(horiba)� #E:= 5Æ:x.. 

3. �� 	 
�

3-1. ��	
 ��
� ��

sl GHIJ XY�3 DE% ÂÃ Ä� :Å¨ GH [�3 ±²

³Z IJgh ��� ��È� j\, øO �2d gh��3 gh�8

� ±²³Z 78 »�� ´¼ ghü8� ¯2:x.. Õ��

20×20×20 mm
 ÂÃ Ä� :Å¨ GH� 1âü8� 30,000/h" �2

:ï ��:� �8� ́ ¼ ghü8Z »�� RçN" ¶/:= Fig. 2

� ��ìÞ.. ±²³Z GHIJ gh	 �D��Z �8� 120oC

,� z��� � a -Þ�, eRIJ gh�84 78� ´µ �µ�

�b $°5 250oC 28 ,� eRIJ �� � a -Þ.. �% 150oC

#:Z �2% �8�3 ±²³Z 78� ý�:� RçN# �J:xFig. 1. Schematic diagram of regenerative catalytic oxidizer.
���� �41� �3� 2003� 6�
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.. �g�U" ��aJZ GHIJ gh	 gh�6 GHZ ���

´µ ghü8� �µ�.� �ë� -.[14]. ÂÃ Ä� :Å¨ GH

[�3 ±²³Z ghü84 gh�� á{ 4 ±²³Z 96 GH £

��3 gh,� 	U" &',4 ±²³Z 9U"°ª ¶/º a -

.. �2% 1âü8� (2_ �8�3 ±²³Z RçN(Fig. 2 Ñ�)

# �×�4 mU"°ª ~{� GH£��3 IJ(gh),4 ±²³Z


$ 9 ý�� Hè ��� � a -.. � ÂÃGH [�3 ±²³ g

hü84 ±²³ 78� AZ Z�:� ß�, ±²³# GH £�� 


�¼ �â6 gh�8� Z��� � a -.. #� p# ÂÃ Ä� :

Å¨ GH [�3 ±²³Z ghü8� 78� $% Z��# �� ;

<�, (2_ 9Z ±²³� ?@:� j\ qo% GHZ 9 �4 �

2æ ¤Y_ GH" ?@º a -4 ±²³Z 9(78×�æ)	 c¦�

U"°ª ñï ¶/:= `� a -.. �, c¦c (�Z XY�3 `

	 �� )Ç:�Û :4 XYZ Õ�� I¶:= ±²³ ?@æ ý�

� ´µ �Ë�U" GHæ� ý��i8 �� � a -..

3-2. �� �������� VOC
 ����

/012�3 &',4 VOC4 $°5 �	 78" &',� -�b,

VOC4 ¾�� 
Z ��6 p# 
�� \� ~� ;<� g�� )

A\] %.. VOC� )A:4 ��" IJ(J¹)BK# [0�U" D

E,ÞU�, 78� �	 óè È� læ# V# qo:� ;<� r�

�4 GHIJ BK �4 sl GHIJ BK# 8u,� -.. ��3

�É% �� p# sl GHIJ BK	 IJl� r$% �E:� ;

<� 78� �	 VOCZ ?@� M6�#.. À I��34 �	 78

Z �D VOC(±²³ 78: 50, 100, 150, 200, 250, 300 ppm)� bá{

sl GHJ¹XYZ VOC J¹ ��� 5Æ:x.. Fig. 3	 �D VOC

Z �æ� 23 m3/h" �2:ï ��:�3, .9% 78�3 sl GH

J¹ XYZ QR �Ç �*�3°ª �âZ »�� ́ µ &',4 VOC

Z 78� ?@MN" ¶/:= ��� m#.. #; GH dZ °�4

4.5 l#�, GH d 9¿� ¤Y_ ÒÓ{µ#Ô :Å¨ sl�Z °�

4 ¹¹ 6.75l#.. Fig. 3�3 È
 �� p# VOCZ 78� L�a

� ñï ^2�� #²{��, ±²³Z 78� 150 ppm #[
 �D

VOCZ óè�4 È� l�Z 1É �# ^2�U" IüQR# �f

:x�b, ±²³Z 78� 100 ppm #:Z óè�4 3�â #[ QR

% ��8 ¶ü È�l�� 1É\]b IüQR# �f:x..

%�, sl J¹XY4 ��Z |}# �� ; gh�ö� 8�:�

 % VOC� ?@,�  :� 	U" &',4 �À�
 <)� ð�

-.. �, ��Z |}� �!{~4 ÎÏ� GH d D# 1â� ��

:� -û VOC4 ��Z |}# �� ; GHIJ gh# �{��  

:� $� nU" �$" &'_.. Fig. 44 sl GHJ¹XY� ^2

� _ " XY�3 &',4 VOC� ¯2:= ��� m#.. Fig. 4�

3 &'784 �u,4 VOCZ 78" �#{ �$�� % m#.. s

l IJXY�3 &',4 VOCZ 78 5�4 sl�Z Ë[6 1%

&� ´µ 'gh 1â# »�:!" (I¸ »�,�b, �2% sl

��3 VOCZ 78 � �üZ »�� ´¼ &' VOCZ 78� �2

º mU" ®[:x�b, 78Z »�� ´¼ �$�� S)�3  $

ôj� *ï ���� -.. #m	 &' VOCZ 78 ý�� ´µ s

l dZ �8� ���, #" 
\ VOCZ IJgh�ö# »�,4 m

� �
% mU" à¯_.. sl GHJ¹XY�3 ��Z |}# �

� ; IJ,�  % VOC� �$" &',�b, sl GHJ¹XY�

^2�,� VOC� $°5 J¹ ?@,� ;<� �	 78� )+:

� $°5Z óè ,- 95% 28Z L	 VOC J¹ ?@ MN� `�

a -Þ.. [0�U" 1É,� -4 sl GHJ¹XY�34 ?@M

N� L#� j\ 'gh ��� �?@º a -4 �.ç �öZ ¤Y

Fig. 2. Conversion curve of toluene over Pt/honeycomb. SV: 30,000/hr.

Fig. 3. Combustion efficiency of toluene in the regenerative catalytic oxi-
dizer.

Fig. 4. Dimentionless concentration of toluene sampling at the outlet
end of the RCO.
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���
�������	��������
�4 3/K sl GHJ¹XY� bá{ ?@MN� L#� -..

3-3. ���
 � �� � �� ��

sl GHJ¹XY4 ~��U" ��Z |}# ���3 IJl�

OX:� 0a%.. IJlZ 0aN	 sl�Z °�� ��Z |}#

��4 ~�� Z\ �w� þUò, XYZ l1c# l 0a� 'Y4

�w8 Õ.. À I��3 )Ç% sl GHJ¹XYZ l 0a ���

��:� j\ �D VOC� DE:� ß� È� l�(�"� IJ)U

" XY� QR:x� ; Ý� XYZ �Ü�3 ��t# ^2�¡ ;

k� �Ú� JSæ� Fig. 5� ��ìÞ.. S� )%_ IJc" 
\

�"�# eRIJ ,� ß�b, �"�Z �WIJ� eRIJ" �2

:� ��� m#.. QRÝ�� XYZ �l� V	 l# qo:�, �

�t# ^2�,� XY" 1c,4 læ6 IJ&���� Z\ &'

,4 l# �2\2� � a -.. XY� �\ 1c,4 l	 gh�

ö(GH d)Z �8� Z\ §2,� ;<� ,�:� {3�b, &��

�� Z\ 1c,4 læ	 &���Z �æ6 �8� ¯2:= ¶/

º a -.. �D VOCZ 78� 200 ppmU" �2:ï ��:�3 �

�Z |}# ��4(ÎÏZ Rç) �8� 35oC�3 75oC" »���

�3 &',4 ��Z �8� ¯2:= Fig. 6� ��ìÞ.. Fig. 6�

3 È
�� p# ÎÏZ Rç�8� ý�ºa� ��Z |}# ��

4 ~�� 4{�ò, &���Z r$ �8 �% L×�4 m� � a

-Þ.. �% ��Z |}� �!{ ~4 ÎÏZ ÇÜ�â6 h5ü8

Z �I TU" 
\ c) (2_ �8È. L	 �8Z &���� &

'�� � a -Þ.. sl GHJ¹XY�3 ÎÏZ Rç�8 »��

´µ �'��� ð� ��4 Ál� 1�Z Sl"°ª ¶/:= Table 1

� ��ìÞ.. Table 1�3 È
 �� p# ÎÏZ Rç�8� ý�:

� S� ��|}# ��4 ~�� 4{�·µ8 ��Z �8 ý��

´µ �'��� ð� ��4 læ ý�� 63 R��U" Ál 1c

# ý��� � a -Þ.. %�, ÎÏZ Rç�8� �J:� ~��

7×� �'��� ð� ��4 læ# �J:�b, Fig. 3� ��� �

� p# ��Z |}# �� ; ?@,�  % �8# ý�:� ;<�

sl GHJ¹XYZ QR�3 ��Z |}� �!4 �9 �8Z ¤

2	 Hè no:.. Haynes T[15]	 ¿l��t� $% �«¬#­�

�\ sl GHJ¹XYZ ��|}� �!4 ~�� $% �9� )�

:x4F, c) XY� �E:� j\34 l1c� �ë\ ~{]%..

sl�Z l s� � B' ��	 ��Z |}# �� ; sl�Z

�8»�"°ª ¶/º a -.. �D ±²³Z 78 150 ppm, ÎÏZ

Rç�8� 45oC" �2:ï ��:�3 sl�Z �8»�� ¯2:

= Fig. 7� ��ìÞ.. sl�Z 9 »�� ´¼ ��� ��:� j

\ ¹¹ ÒÓ{µ#Ô :Å¨(150×150×100) 3z(Fig. 7(a))� ¤Y:x

� óè� :Å¨ 4z(Fig. 7(b))� ¤Y:x� óè� $\ S):= �

�ìÞ.. Fig. 7�3 È
�� p# ��t# ^2�,� sl�Z �

8� �2% :;(<Å�= Ë>)� È#� -.. �8� �X �	 ?

�	 sl� Í¿Z �8� ��� mU"3, �u,4 VOCZ �8 �

4 &'��Z �8� ��ì4 m#ò, �8� �X L	 ?�(1)	 G

H d6 sl�Z D# �8� ��ì4 mU" IJc R¿Z GH d

�3 gh# e§_ "�4 sl�" öº� :�, ��Z |}# ��

� GHIJ gh dU" ,{ l� &':� ;<� .¼ sl�� �

8 »� :;� È@� � a -Þ.. ¹ sl� 9¿�3 ¯2% �8

»�� �9U" sl�� ��(IJ��) D#Z l #Ü� ¶/:=

Table 2� ��ìÞ.. �% Table 2�4 sl6 Bl� ´¼ sl�Z

r$ � rJ �8� �� |}# ��4 ~�� p# ��ìÞ.. Table

�3 È
�� p# sl�Z 9# V�a� ~�� 4{�ò, sl6

Bl� ´¼ sl�Z �8»�� 62� � a -Þ.. #" 
\ p

	 9Z sl� ��µ8 slæ# ý�:ò, slæ ý�� ´µ ��

t# ñï ^2��� � a -Þ.. %�, ÒÓ{µ#Ô :Å¨# 3z

¤Y_ óè(a)� $�� �� �G:= l)ç :4 :Å¨ sl�(A1)

Fig. 5. Energy consumption for the regenerative catalytic oxidizer.
Fig. 6. Temperature change of effluent gas stream for 1 cycle.

Table 1. Sensible heat loss of effluent gas as a function of valve switching temperature

Valve switching temperature (oC) Inlet temperature (oC)
Effluent gas temperature (oC)

Cycle time (min) Sensible heat loss (kcal/h)
Maximum Minimum

35 20 41.7 24.9 4.17 67
40 21 48.9 25.3 5.33 69
45 20 56.0 24.3 6.33 78
60 22.5 76.3 26.8 7.17 96
75 20 94.4 25.8 10.17 119
���� �41� �3� 2003� 6�



�� �������� ��  �!"#$% �&' 401
4 .¼ :Å  ̈È. �8»� A# �{ s�:4 læ# �ÞUò, l#

�v,4 IJc� 
�ºa� sl,4 læ# ý�:= GH d� 


�% :Å¨ sl�(A3)�3 �X V# sl�� � a -.. ÒÓ{µ

#Ô :Å¨# 4z ¤Y_ óè(b)�38 IJc� 
�ºa� sl,

4 læ# ý�:�b, GH d� 
�% :Å¨ sl�(B4)�3 r$

�� È#� ß� nâ :Å¨ sl�(B3)�3 �X l# s�(�4 B

') �� � a -Þ.. �% ¿j �âÜ^ sl�� l� OX:4 9

� S)\ È�, :Å¨# 3z ¤Y_ óè� · L	 lOX MN� �

�ìò, :Å¨Z ý�� ´¼ °�Z ý�� S\ ¿j �âÜ^ OX

_ l� ý�æ# Hè ��(°�ý� : slý�=1.3 : 1.1)� � a -

Þ.. �>� ��Z |}� �!4 ÎÏZ Rç ~�� �2:ï :�,

sl�� OX,4 l	 sl�Z °�(:Å¨Z a)� SB:= ý�

:� #" 
\ GH dZ �8� [í %.[13]. GH dZ �8� (

2_ �È. [í:� IJGH� J§,{ ��� C� ;<� IJ

GHZ ìl�8 #:�3 XY� QR,8� :4 m# Hè no:

.. sl GHJ¹XY� ^2�U" QR,� j\34 VOC� ð�

-4 læ# XY�3 1c,4 læÈ. 6] _.. XY�3 1c,

4 l	 sl�Z °�� �� |}# ��4 ÎÏZ Rç~�� Z\
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Fig. 7. Solid temperature profiles at the beds of the regenerative cata-
lytic oxidizer.

Table 2. Heat storage of the honeycomb at the regenerative catalytic oxidizer

Minimum temp. (oC) Maximum temp. (oC) Cycle time (min) Heat storage for 1 cycle (kJ)

Honeycomb, A1 Side 1 125.3±0.5 155.2±0.5 6.2 170.2
Side 2 134.3±1.0 161.2±1.0

Honeycomb, A2 Side 1 134.3±1.0 161.2±1.0 6.2 139.9
Side 2 157.5±2.0 343.1±2.0

Honeycomb, A3 Side 1 157.5±2.0 343.1±2.0 6.2 141.3
Side 2 310.7±2.5 440.7±2.5

Honeycomb, B1 Side 1 120.7±0.3 154.5±0.3 8.8 167.0
Side 2 122.5±0.5 138.3±0.3

Honeycomb, B2 Side 1 122.5±0.5 138.3±0.3 8.8 140.5
Side 2 164.7±3.0 262.6±0.5

Honeycomb, B3 Side 1 164.7±3.0 262.6±0.5 8.8 183.0
Side 2 199.2±2.0 409.9±3.0

Honeycomb, B4 Side 1 199.2±2.0 409.9±3.0 8.8 160.0
Side 2 285.6±2.0 1432.±3.0

Fig. 8. Energy balance of the regenerative catalytic oxidizer. A; Total
heat loss, B; Heat of combustion of unreacted toluene, C; Sensible
heat loss of effluent gas, D; Heat loss from the surface of the RCO.
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