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TiO2(Degussa P-25)� ��� optical fiber reactor(OFR) system� ���	 C2Cl4(Perchloroethylene, PCE)
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TU2V� CCl4, CCl3COCl(Trichloroacethyl chloride, TCAC), COCl2/ W

XY@Z � 0
 ���[� P�	 �����.

Abstract − Photocatalytic degradation of perchloroethylene(C2Cl4, PCE) in the gas-phase was investigated by using TiO2-

coated optical fiber. The photocatalytic activities of TiO2 in the optical fiber reactor system depended on the thicknesses of

TiO2 films coated on optical fiber. The highest photocatalytic activity was obtained from the 5 wt% TiO2 slurry and the thick-

ness of the TiO2 films prepared by this concentration was ca. 600 nm. This thickness could be related with the propagation of

the light from the core of the optical fiber to TiO2 films. The photocatalytic degradation rates of PCE increased linearly with the

increase of light intensity within the investigated range (300 W, 600 W, 900 W). Reaction mechanism of PCE in the gas-phase
photocatalytic reaction was also postulated from the result that CCl4, CCl3COCl (Trichloroacethyl chloride) and COCl2 were

found as intermediates.
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� ��� �����  !"# $%. &' ��������	� ()

* +, $- ./	 0123 45� 6, 7%. 8(* ������

��9 �:. ;<=��	>?(C2HCl3, TCE)@ A;B=��	>?

(C2Cl4, PCE)� C��DEF9 G*��, H��, IB,=<J9 K

L, #MN �O +9 KL�� �� PQ	R �K"# $%. S<#,

T��	 UV"� 8(* �������� ��	 WX�Y, ���

Z [�\]� ^_` 7, a#"# $%. b ;<=��	>?, A;

B=��	>? +� 8(*, c� d�	 ,6e	 9� f�9 [

�� G�g � $%.

hiLjk3 ,K� ��9 ��[��l �m	  �Y� @m 10

Yno 7� pq` rs"t%[1-4]. S<# �u9 ��[��l, &

' 8(* �������9 �m	  �Y� 1990nvw xyz hi

LN #{�\| hiLZ ,K�Y pq` rs"# $%[4, 5]. hi

Ljk� hiL	 }, ~�� ^_, S j�/9 �o� ,u9 	�

�Z �� h�(hν�Eg)̀  ��"- f��	R ���� ��Y�

(electron excitation)Z ��]#, ,d f��	� {f(hole),, ���

	� ��(electron)̀  G*�%. ,�� G*� ��(��jk)N {f
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(E�jk)� jk	 �Y�� �%. � }9 �g� hiLjk	R M

�a% ���%. ,�� }3 �����, S<# } ~�` -�� \

��	R9 hiL9 �K3 Q�Y� }3 ��g � $� ��� \

��9 ��, ���%. h �Z ¡K� hiL\��� }9 ���

,K@ ¢m< } �£, `¤�%� ¥	R ��� z¦9 hiL\

���� §¨3 ©# $%.

h �¡K hiLjk� 1977n OllisN Marinangeli	 9� ª« a

#"t%[6, 7]. ,�� ¬@e, a#� ,­ 1990n� �jvw Cali-

fornia f 9 HoffmannS®	R ¯°� ±²³´@ }9 ���� +

3 �-�Y optical fiber reactor(OFR)\��9 pq` ¡(' rs"

# $%[8]. TiO2(Degussa P-25)Z h �¡K \��	 �K�Y ��

9 4-=��µ¶9 hiLx� ��, ·� 2u�%# a#"# $%

[8-11].

�¸, TCE9 �u�hiL x�jk	  �Y� 7� pq` rs"

t�:[13, 15, 18] PCE9 ^_ a#� ¹` 7, º%. » pq	R h

 � hiL\��9 �u� VOCª<Z Q� �K `¤* +3 ¼½

�� Q�Y 8(* ��������9 �:. PCE9 �u� hiL

x�Z s�¾%. ,d TiO2±²9 !¿N }9 À� +	 ÁÂ PCE9

x� &* +	  �Y ¼½�# hiL` ±²� h �\��9 �

�~Ã3 Ä� Q� pqZ s�¾%. S<# GC/MS, GC/ECD, FTIR

xh�Z ,K�Y PCE9 �u� hiL x�	 $-R9 jk�qZ

¹Å�¾%.

2. � �

h ��� 3 M ��9 Power core FT-1.0 UMT, diameter` 1 mm

9 63 ,K�¾�Æ, TiO2̀  ±²� h �9 Ç,� 30 cmÈQ` "

�É �¾%. h �9 cladingvx� ÊÀËKÌ�� �m�# TiO2±

²� 	ÍÎ�� �ª<�¾%. h �� �� 1, 5, 10, 15̀Ï9 %(

3 Ðe- jk	 �K�¾%.

h �	 hiLZ ±²�� Q�Y TiO2(Degussa P-25)Z 1, 5, 10,

15 wt%9 slurry� ÐÑ ­ 1 hrÒÓ �j�# sonication3 s�¾%. ,

�� ÔÕ� P-25 slurry	 �ª<� h �Z dip-coating� ­ uÖ	

R 24 hr Ã~\× TiO2̀  ±²� h �Z Ðet%.

jk��� �< �l� q*� ØÙÚz��R QÊÛ gas input,

output, $�Æ, �ov	� \OZ ÜÝg � $�É sampling portZ

Ðet#, jk�9 vÞ� 650 ml,%. �/�. Øß	R PCE9 à

�� 500 ppm, "�É ~á� ­ }3 h � corev	 ~��Y PCE

9 hiLjk3 ¼½�¾%. ,d h�	R ~�� }� âÉ?ã�

äÊå h �	 ~�"�É �¾%.

h���� ORIEL Instrument�9 Xenon lampZ �K�¾#, ARC

lamp power supply� æç(power)3 300 W, 600 W, 900 W� ~á�¾

%. S<# water filterZ �K�Y h�	R :[� è9 123 ��

��¾%. Fig. 1	 q/�. hiL` ±²� OFR\��3 �¯�¾%.

jk�@ G*�9 xC	� GC-ECD(HP5890 SERIES é)N GC/

MS(HP6890 plus+)Z �K�¾%. �K� êë��� GC-ECD9 ^_

HP-5 capillary column,#, GC/MS9 ^_ HP-1 capillary column3

�K�¾%. S<# in-situ FTIR cell3 ,K�Y GCxC	R ¼æ"

� ì� PCE9 jkG*�3 í.�¾%. h �Q	 ±²� TiO29

!¿ +� SEM(Philips co. XL30)3 �K�Y xC�¾%.

3. �� 	 
�

3-1. ���� ��� TiO2� Characterization 	 
��


h �	 TiO2Z ±²g ^_ î� TiO2 slurry9 à�	 9� h 

� ïð	 ±²� TiO29 !¿` ¬{"ñ� PCE9 �u� hiLx

� jk3 ¼½��ò $- S î�à�� ��� .�� G��%. ±

²3 Q� TiO2 slurry9 î�à�Z ó�\× h �	 ±²� ­ TiO2

9 !¿Z SEM�� í.� ¬@Z Fig. 2	 :ôõt%. , ¬@� î

�9 TiO29 slurryà�` c3�É h �Q	 ±²� TiO29 !¿`

ö`�%� 63 :ô÷%. TiO2à�	 ÁÂ !¿ö`� h � ø3

�j�� }, ùá"- TiO2ïð�� :Î d }9 ��� ,K3 -

ú� g � $%# G��%. S�ñ� h �	 ±²g TiO2(Degussa

P-25) slurry9 à�Z ó�\× h �	 TiO2Z ±²� ­ PCE9 �

u� hiLjk3 ¼½�¾%. Fig. 3� PCE9 hiLx�	 $-R

TiO29 !¿	 ÁÂ hiL¡*9 ûüZ aY§# $%. Fig. 3	R a

� ýN þ, TiO29 !¿` ÿ 600 nm� ^_ PCE9 x��� `¢

c� :ô�%. S<# TiO29 ±²!¿` 200 nm {�	R� hiL

¡*, m9 í."� ì�%. ,6� h �	 ±²� TiO2�, �M

�- h �9 coreø�� ��� }, ����� TiO2	 ��"� ì

�� d��� G��%. �¸ ±²!¿` 1,200 nm ,u, "t3 d

S ¡*, ['� �-�� 63 í.g � $t%. ,6� h � core

Fig. 1. Schematic illustration of optical fiber reactor coated with TiO2

photocatalyst.

Fig. 2. SEM image of the TiO2 films in the optical fiber; (a), (b), (c) and
(d) are from 1 wt%, 5 wt%, 10 wt% and 15 wt% TiO 2 slurry, re-
spectively.
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ø�� ��� }, ±²!¿` !�� d�	 jk, �-:� TiO2

ïð�� ùá"- :[� ��#  vx TiO2õv	R ��"- �	

� d��� 
È�%. S�: ÊÛ	 :ô÷ 6@ þ, ±²� TiO29

!¿` !��l�É h �	 ��� }� TiO2	 7, ��"� 6

3 
 � $t%.

�¸ hiL` ±²� h � jk� \��	R �K� h �9 `

Ï�	 9� PCE9 hiLx�Z ¼½�� Q�Y h �9 `Ï�Z

ý�- PCE9 x��3 ¼½�¾%. , d TiO29 slurryà�` 5 wt%

Z ,K�Y ±²!¿` ÿ 600 nm̀  "�É �¾%. Fig. 4� h �

`Ï�	 ÁÂ PCE9 x��9 ó�Z :ô÷ 6,%. h � `Ï�

` 1̄ � ^_ PCE9 x���� Õ�� 6� `¢ ��%. S�: h

 � ̀ Ï�` ö`V	 ÁB PCE(500 ppm)9 x��� °z��� ö

`"# $� 63 
 � $%. ,6� TiO2 ±²� h � `Ï�9 ö

`	 ÁB jk�e, TiO2 ïð	 ���Y jkg � $� í�, c

Ê�� d��� �O�%. , ¬@� hiL` ±²� h �jk�

\��3 ,K� PCE9 �u� hiLx�	 $-R jk9 �ø@{

, G*�9 H�@{,B� 63 \��%. b , ¬@	R hiL`

±²� h � \��	R �K"� h �9 `Ï�� jk��3 c

,� �� Q� ��� .�� G��%.

3-2. ���

jk	  � }��9 123 ¼½�� Q�Y TiO29 !¿ ó�N

}��9 ûüZ ¼½�¾%. Fig. 5�vw TiO29 !¿ó�	 ÁÂ }

9 ���@ PCE9 hiL¡*@9 ûüZ û�g � $%. Y�R h

iL¡*� Fig. 39 ¬@Z jkø�� �E�Y ,K�¾%. S�	R

N þ, TiO2!¿` ö`g�É }À�� ���� 63 
 � $%.

S�: PCE9 x��� TiO29 !¿9 ö`	 Õ��Y ö`�� ì

# ��9 ±²!¿` $«3 \��%. , ¬@� ÕÉ TiO2̀  }3

7, ���Y� jk, �-:� TiO2 ïð�� }, ùá"- :[

� ��ð hiL¡*3 2u\]� ��%� 63 94�%.

h �	R }9 ��	 $-R �Ll	R #Ll� }3 ��\�

d ¥�� ���3 ö`\]ð &{� � ,u, "t3 d }, �j

�Z ��]� �%. ,d9 �3 �ü�,B �%. �ü�a% � ��

��� e-[ð ÁBR ä! � j�Z �� �%. ùá9 ́ �(Snell’s

law)3 �K�Y �ü�3 q�� �� %«@ þ, :ô  � $%.

ùá�� ���, �ü�a% �� ^_	 �-:� �%. S�:

core Ll9 ùá�, !v Ll9 ùá�a% "�ð äÑ ���	  

�R ùá, ��:� �%. äÑ #¢	  �R, TiO2(rutile)¬{, `

�� ùá�� C1a% ·Æ, S $� ÿ 1.4,%. ��"� ì� 1�

(>375 nm)	R9 ùá�� ÿ 2.8,Æ, hiL �� 1�	R9 ùá�

� Ú ö`Z �Æ 300 nm	R ÿ 5.59 $3 `r%[8].

ÁBR TiO29 !¿` !���ð h �	R �j�� }, TiO2 �

�õ� ùá� ­ G*"� evanescent wavè TiO29 ��N ���

,	R E%"- &Ø"# ¬' TiO2 ïð��� 4�(Ð :N ,K

"ñ� jk�, �-r 6�� 
È�%.

Fig. 6� }��N PCE9 hiLx� ø�N9 uûûüZ :ô÷ 6

,%. Fig. 6	RN þ, }��9 ö`	 ÁÂ PCE9 x�ø�� °z

��� ö`�# $«3 û�g � $%. ,6� jk9 ��~Ã3 )

üg ^_, }9 À�a%� h � jk�9 TiO29 ±² !¿N �ü

�, jk	R ��� .�� "Kg `¤*, c%� 63 a.%[8]. 

3-3. PCE� ��� ������

 jk	 $- jk�qZ *í�� ,��� 6� �îD��. ð	

R +Ð Ê,B kKð	R� ���%. PCE9 �u� hiLjk	

$-R §�� �oG*�� CCl4N COCl2, í."t%. GC/MSZ

,K�Y -� ¬@Z Fig. 7	 :ôõt�Æ, �.�� (ï"-r /�

θc sin 1– n2

n1

-----=

Fig. 3. Photocatalytic degradation of PCE(500 ppm) depending on the thick-
ness of the TiO2 films; light intensity = 600 W.

Fig. 4. Photocatalytic degradation of PCE(500 ppm) depending on optical
fiber number; light intensity = 600 W.

Fig. 5. Relations between reaction rate of PCE and light intensity depend-
ing on the thickness of TiO2 films.
���� �39� �3� 2001� 6�
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.:
e	R� CCl4N 0 4(9 CHCl39 G*3 a#�# $%[13, 14]. S

�: » Øß	R� CHCl39 G*� í."� ì�%.

� ,̧ FTIRxh�Z ,K� in stiu Å{�� jkG*�3 í.�¾3

d� GC/MSZ ,K� xC	R� ¼æ"� ì�1 CCl3CClO(TCAC)

9 G*3 í.g � $t%. ,6� jk�õ9 `�Z sampling�Y

xCg ^_ ,�� ���, sampling@{	R `�x� b� ØÙÚ

õ	R9 ��+	 9� ¼æ, "� ì� 6�� 
È�%[13].

,Nþ� �oG*� #03 2�Y, PCE(CCl2=CCl2)9 hiL x�

jk�q� %«@ þ, �\g � $%.

TiO2+ hv3 h+
VB + eCB

− (1)

Ti-OHs+ h+
VB3 Ti+ −4OHs (2)

,�� G*� OHB56� PCEN jk�Y %«@ þ, Cl B563

G*\|%.

CCl2 = CCl2 +4OH34CCl2CCl2OH (3)

4CCl2CCl2OH + O234OOCCl2CCl2OH (4)

2(4OOCCl2CCl2OH)3 2(4OCCl2CCl2OH) + O2 (5)

4OCCl2CCl2OH3 CHClOCCl2O +4Cl (6)

S<# Cl radical� PCEN %«@ þ� �79 jk3 ��|%#

G�g � $%.

CCl2 = CCl2 +4Cl34CCl3CCl2 (7)

4CCl3CCl2 + O234CCl3CCl2OO (8)

2(4CCl3CCl2OO)3 2(4CCl3CCl2O) + O2 (9)

4CCl3CCl2O3 CCl3CClO +4Cl (10)

3 CCl4 + CO (11)

¬', Q9 xC ¬@	R )*� CCl4N TCAC� � (3)	R � (11)

@ þ� jk�� G*�%# G��%. S<# TCAC� �@ jk�

Y Cl3CCOOH(TCAA)̀  G*� 6�� G��%.

CCl3COCl + H2O3 CCl3COOH + HCl (12)

S<# COCl2� %«@ þ, G*�%# G��%.

CCl3COCl +4Cl34CCl3COCl2 (13)

4CCl3COCl23 COCl2 +4CCl3 (14)

4CCl3 +4Cl3 CCl4 (15)

� (14)	R G*� COCl2� �@ jk�Y CO2N HCl� � 6��

¹u�%.

COCl2 + H2O3 CO2 + 2HCl (16)

�¸, u8� jk�q�vw PCE9 �u� hiL x�	 $-R §

�� �o G*�@ �9G*�3 %«@ þ� ��� �ÿg � $%.

C2Cl43 CCl4, CCl3COCl, Cl3CCOOH, COCl2 3 CO2, HCl

,u9 ¬@	R PCE9 �u� hiLx�	 $-R PCE� �9�

�� CO2N HCl� x��%# ¹u�%.

4. � �

h �Q	 ±²� TiO2Z �K�Y » Øß~Ã�	R PCE9 �u

� hiLjk3 ¼½�Y %«@ þ� ¬@Z -t%.

(1) h �Q	 TiO2Z ±²g ^_ TiO2(Degussa P-25) slurry9 î

�à�` 5 wt%	R `¢ c� hiL¡*3 :ôõt%. ,d9 TiO2

9 ±²!¿� 600 nm,%.

(2) h �9 `Ï�	 ÁÂ PCE9 x���� h � %(�` ö

`g�É °z��� ö`�¾%.

(3) TiO29 !¿` ö`g�É TiO2	 9� }9 ���� ö`�¾

�: u ��� !¿` 600 nm ,u� ^_ hiL¡*� �Ê�%.

}9 À�	  � PCE9 x���, h(, ö`V	 ÁB hiLx�

ø�` ö`�¾%.

(4) PCE9 �u� hiLx�	 $-R �oG*�� CCl4, CCl3COCl,

Cl3CCOOH, COCl2� í."t%.

� 


» pq� ���F:	R \s� ���F �8;<¯(�F�� �

s"t%.
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