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º £

� ��öBº �« 5 Ë�Ïb� "� ÒÏ>º core Òî� �Ò^� 2¢Ê� 7RF(plastic optical fiber, POF)¢ 7

z� >wö~ � *�
Ú� ÒÏ~º O»j B�~&
. �-² ~V *�B �b(clad)òj Ï�~² B�~º *Þ� O

»j B�~�, �Ê�ö 
B� 'Ï� >îj r &Ë 'Ë� � æ>¢ dj �ö &� &ê¢ ;ã~&
. TiO2(P25,

Degussa)& z+B POF >wV¢ �Ï~� C2HCl3(trichloroethylene, TCE)f öêR~ Vç 7/
 ª�>wj ¦Æ~&
.

Clad[~ B�¢ *~� 13«~ Ï
¢ ÒÏ~� Ï�ê 2¢�V¾ ·ÏV �j Û~� &ËWj {�� �~b¾ j^Ê

ö 3ª* Ï�� ãÖ& &Ë ';~
� SEMj Û� 6�>î
. TCE~ 7/
ª� >wf POFö 
7 z+B TiO2~

vþö �² 'Ëj A~�, POF~ çã~ æzö ®ÚBº çã� Ã&�>� >w� Ã&~&b¾, ç&'b� 7RF Ú

~ >ÒÅ>~ 6²� �� >wW Ã&& *Ú�º Ö"¢ {�~&
. 7RF~ çã 5 ^�~ ÿ�æz¢ Û~� >w

��'� ?b� >w ;ê& ¢~�j {�~&�, öêR ª�~ ãÖ in-situ FTIR G;j Û~� CO2� j*® *~N

j {�~&
.

Abstract − In this study, the use of plastic optical fiber(POF) was presented as a light guide in photocatalysis. To do so a sim-

ple method to remove the clad of POF was established and the most effective parameters on photocatalysis were investigated

when used in a form of bundled array. Photocatalytic degradation of trichloroethylene(C2HCl3, TCE) and ethanol in the gas-

phase was also performed by using TiO2-coated plastic optical fiber reactor. Among 13 solvents with different solubility

parameters and working groups, acetone was used to remove clad layer chemically, resulting in that optimized time of POF in

acetone was selected 3 min to remove the clad layer completely. The photocatalytic activities of TiO2-coated optical fiber reac-

tor system was dependent on the coating thickness, diameter and total clad-stripped surface area of POF. In ethanol degrada-

tion, in-situ FTIR measurement resulted in complete mineralization into CO2.
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1. B �

�" �ç 5 Vç J"b ¾Òö ®ÚB V�~ �N/&{ ��, �

&~ /
ÒÏ, 2N ¾Ò~ jºW �~ �6j �j~V *~� �Ú

�öB � ~ãVF 6º �êÖz¾ÒVF�B '7 A� ®º 7/


 �ÏVFj �Ï� ��& ê¯>� ®
[1-3]. ß® TCEf PCE �

�Úö F�� >BW FV"²z�bf CFz�Öë~ �Wb�, î

FB, �¢��Ò�~ Ï
, �Zf "ò �~ Ï
�ê 9f º*öB

ÒÏ>� ®b�, VÂ> 7ö ��>º >BW FV"²z�b(VOCs)

f æ~ö �R~�, æ~>¢ J"�Êº ãÖ& ô� ��>� ®
.

FV"²z�bf ëW��, Bzbî��, ~ãJ"~ " bî�V r

^ö, ��� bîf �" � Ò²^B& >� ®
. FV"²z�bö

&� 
� �� ��öB �ç" Vçö &� 7/
 ª�>w Î"¢

��®
[4-7].

*Òræ~ 7/
 �Ï �Ê�öº öÛ; Î*~ ÒÏb� �~�

>wV ;� 5 Òîö &� B£" �~ *�ö &� ^B6� ®îº

�, �¢ �Ö~Jº O»b� 7RF& ÒÏ>V �·~&
. Clad[
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� B�B core ��ö z+B 7/
º 7RF~ �ã �öB �ÒB

refractive index N�ö ~� �~ �.ö ~~� �j �>~� FV

J"bîj ª�� > ®º 7z� >w� ¢ÚÆ > ®V r^�
. ß

® >¾ÒÏ Ò�Ò ;� �Ê�~ ãÖ �~ �R�Ò& 0.2 mm ;ê

� >wV �Vö j~� ¾Ò� > ®º ·� �;>Ú �Ê� �Wö


Ö B£� ô~b¾[8], 7RF �Ï~ ãÖ >ôf 7RF¢ �Ï~

� Ú' *Ú'b� >wj £² êÎ� >& ®² B
. *Òræ 7

z� >wö ÒÏ>� ®~ 7RFº core Òî� C'b�(QOF) �b

(bufferf clad)& B�>îj ãÖ £² ¦�î > ®Ú �/� 
Ö Ú

[�, �&& 
Ö j" �6� �Ò~&
[9-12].

��� QOF& &æº �6j �j~�¶ � 
þöBº �« 5 Ë

�Ïb� "� ÒÏ>º core Òî� �Ò^� 2¢Ê� 7RF(plastic

optical fiber, POF; refractive index 1.492)¢ 7z� >wö~ � *�


Ú� ÒÏ~º ��¢ >¯~&
. POFº �&& &Z~�(�Bê 7

�Ï C' ö&~ 30% �Öj, �V� £ $0.12) �b& B�>îj ã

Öê 
Ö F�~� �/� 
Ö Ï�~
[13]. � 
þj *�Bº �

bòj Ï�~² B�~º *Þ� VFj d�, �Ê�ö ®
� 'Ï

� >îj r &Ë 'Ë� � æ>¢ dj �ö &� &ê¢ �V®
.

*f ?� B·B POF ®
j ÒÏ~� Ñ�� >wV �¦öB � �

Ò� �J�¢ � >wV~ Òî 5 ;�ö &� B£j ��� > ®

b�, ~�� ï�ö z+� ãÖ~ �' 7z� >wj POF¢ >wV

¦b� ªÖ ª��B ¦b >wb� *~� > ®Ú bî*�~ B£

j *¢ > ®�, q�� 7ö" >w¦ª� ªÒF > ®Ú &öB *

þæ� 5 æ~ "Ö/çë�J~ ~ã;zö Ï�~² &¾� > ®b

�, ]�� 
Ö &Z~� *Þ~� £² 'Ï� &Ë� Î"& ®
.

��� �Ê�'� Î" ��ö 7RF~ "º ��� Ë�Î"ræê

7Ï~� R« 7/
& z+B 
Ú�V ;zÏ Ë�Ï� çÏzö~

wÏê &Ë~
� �Îê
. 

2. 
 þ

POF¢ �Ï� �V;z 
þöº �² POF *¾Ò, 7/
 z+, ®


B·, �Ò� >w
þ �b� �W>Ú ®
. V�'b� Î� �£

f reagent grade¢ ÒÏ~&�, TiO2º ªöç�~ Degussa B®~ P25

¢ ÒÏ~&b�, wt%ê� Milli-Q plus �Ê�j �Ï~� B�B Ã

~>(&� 18 MΩcm)ö b��B �ç�� ò� ê POF core *ö z

+~&
. P25�~ 7/
 ÒÏ~ ãÖ 
� ��b� B�B Ï
 Ú

ö ªÖ>Ú PMMA Òî~ POF coreö z+>îb¾ � ��Ö"ö

º ��~æ p~
. 7öb�º 0.2-1 kW~ ÂK� &Ë B¢ Î*

(Oriel)& ÒÏ>î
.

7RF >wV¢ J~� ê >wVö 1µL~ TCEf öêR Ï�j

>w��ö V¢ "« ê {Ö� F rræ V
^
. {Ö� 
 ¢Ú

¾ ï;ç�& >�, B¢ Î*¢ B� 7/
ª� >w 
þj ~&


(>wV Ú¦~ Nêº 28oC� ¢;~² FæN). ;ï' ªCj *~

� GC/ECD(HP 5890 series II)¢ ÒÏ~&b�, ;W' ªCj *~�

FTIR, GC/FID(HP 5890 series II)f GC/MSD(HP 6890 plus)¢ �Ï~

&
. �ò~ ·f 400µL� GCö "«~&b�, GC/MSD¢ �Ï�

¦Öb 2k~ Ö"º �� BÂ� ¢^ö ¶^® Þ/>Ú ®
[14].

2-1. POF *¾Ò

ÒÏ� POF~ �b(clad)~ Òîf ®²& ~~>Ú ®º poly(methyl

methacrylate)(F-PMMA)� z�'b� B�¢ �ê~&
. bÒ'� B

� �êº ��ö ®�¢W 5 J"&Ëb� �~� B�>î
. ¢>

'b� �ª¶bî� Ú¶ �êræ Ï�>¶ö ~º ^Bº &ª¶~

ãÖ¾" ��'b� {�~Vº ÚJÚ�, �©f �ª¶ bî� ß�

��, 
ª¶W��, 6ê& ��, Ö;'�~ 'Ë �� ®V r^b�

rJ^ ®
. ��¾ ¢>'b� �� &æ ãþj «���� z���

& FÒ� ©f çÏ>V £�, Ï�ê 2¢�V(SP)& FÒ� ©� ¾

Ï�B
º ©�
. ��� *çf 
r~ v �öB {�F > ®
[15].

(1)

v: ¦bªN, SP: Ï�ê 2¢�V, 1: Ï
, 2: �ª¶

(2)

�VB (SP1−SP2)N& ß� �� ∆H>T∆S& >� ¯ ∆G>0� >Ú

Ï�& ¢Ú¾æ pº
. ��¾ (SP1−SP2)& FÒ~� ∆H<T∆S& >�

¯ ∆G<0� >Ú Ï�& ¢Ú¾² B
. ��¾ �©f �ç �� ©f

jî�, 
� Ï
f �ª¶ *~ ç^·Ïöê 'Ëj Aº ©b�

rJ^ ®
. � ��ö �� PMMA(SP=9.1)¢ *� Ï
 F;ö ®Ú

B acetone(SP=9.71), acetonitrile(12.10), �Ò� acetylacetone Ï
öº

POF clad& B�>îb¾, � �~ n-hexane(7.24), ethylether(7.50), carbon

tetrachloride(8.58), toluene(8.93), benzene(9.15), n-butanol(11.40), ethyl

alcohol(12.70), methyl alcohol(14.50), nitrobenzene(10.0),�Ò� water

(23.40)öº POF clad& B�>æ p~
. �VB ÖÒ& �J�¢F

Ò�f POF clad¢ Ï��Êº Ï
öº CH3CR(R; O 6º N �~

�Wö²
) ��� �Û'b� �Ò~&
º ©��, ��� Ï

~

ÒÏ��f POF~ cladòj B�~�¢~�, coreö ¶çj "Ú POF~

� *�ËKj 6²�Êæ öj¢�
. ��� &6öB � ��öB

º j^Êj F�~� B�� ^�ò¢ ÆV² � ê �*ê� G;

B SEM Òêj Û~� &Ë '�� B� �*j �Ò~&b� �º

3ªb� &V>î
. � Ö"ö ~~� Î� POF
f B�� ^�ò

¢ j^Êö 3ª ÿn �" ê ¢ÚÚ v�º 2N Ã~>(Milli-Q,

18MΩ)� 3-4² ^¿~&
.

2-2. 7/
 z+

�b& B�B POF
f TiO2 2Öz(P25, Degussa GmbH)¢ ÒÏ~

� 5 wt%� B�B ê r2(sonication)f b�(stirring)b� ªÖB Ï

� nö R«>Ú 7/
& z+>² ~&
. ��� z+(.V Ö�)~ ö

Òº >zB 2¢Ê�" TiO2& pH 2öB 6.6 Ò�öB ·W(amphoteric)

j &æV r^ö B�� ;*V·Ï(electrostatic interactions)ö V�

~�, 
B ÒÏB TiO2 Ï�~ pHº 4.5�î
. Ï�öB B�B POF


f £ 24�*~ 
N ��";j �ö ®
� ò
Úæ�, z+vþ

¢ Ã&�ÊV *�B *~ ";j >�~&
.

2-3. ®
(bundle) B·

*f ?� B·B ''~ 7RF
f ö~º >ò¢ �*~ 
B�

\Úæº�, �º �b¢ B�� ¦ª ��~ �ª~ �b¢ B�~æ

pf ¦ªj �Ï~� ò
Úê
. ''~ 7RF
j ö~º >ò¢

Êr�.Ê Ê�(6º r2� �) Òî~ Ç(ϕ25, ϕ36)~ çã 5-10 mm

~ �sö �b& B�>æ pf ¦ªj If ê ö��¢ I� 10�*

��� ê � �j polishing~� B·�
. 7RFº �� çã
� �

Ò~�(0.75, 1.0, 1.5 mm �) B· O»f ÿ¢~
. B·B ®
~ B

vê¢ Fig. 1ö ¾æÚî
.

2-4. ªC

>wb" �Wb~ ªCöº GC/ECD(HP 5890 sereis II), GC/FID(HP

5890 series II), GC/MSD(HP 6890 plus), �Ò� FTIR(Bomen)" SEM

(JSM 5900, JEOL)¢ ÒÏ~&
. ÒÏ� �"b�º GC/ECD~ ãÖ

HP-5 capillary column(50 m* 0.2 mm* 0.33µm)��, carrier gas�º

.�Bê î²¢ �Ï~&b�, column flowº £ 60 ml/min� ~&
.

H∆ v1v2 SP1
2 SP2

2–( )=

G∆ H∆ T S∆–=
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Injection Nêº 200oC, detection Nê 250oC, oven Nêº 150oC�

�;~� ÒÏ~&
.

GC/FID~ ãÖ HP-FFAP capillary column(25 m* 0.32 mm* 0.5µm)

j ÒÏ~&
. �r carrier gasº .�Bê helium gas, column flowº

1.5 ml/min, split ratioº 10 : 1� �;~&b�, injection Nêº 120oC,

detection Nêº 250oC, �Ò� oven Nêº 60oC� �;~� ªC~

&
. ãÖö V¢ �Wb~ {�j *~� FTIR ª7V(Bomen)j Ò

Ï~&
. 6� clad~ B�¢ {�~V *~� 7RF~ ��j SEM

j �Ï~� ªC~&
.

3. Ö" 5 �V

7/
& z+B 7RF¢ �Ï� Î� 
þj >¯~V *ö direct

photolysis 
þj >¯~� £ ^�*� ã"� êræ .V F�bî

~ ³ê& æz& ìrj {�~&bæ�, � ��~ Î� Ö"º 7/


ö ~� >wªj {�~&
.

� ��öB �Ö�¢ � ��^Bº �«� POF~ �b¢ ÎN'b

� B�~º ©�î
. QOFf ?� �� �b 5 buffer¢ B�� >

ìîbæ� Vê'� O»" z�'� O»� �J>î
. Sand paper

¢ �Ï~�¾ stripper~ �Ïf POF core~ J"�¾ ®�¢W �b

� &�~ &çöB B�>îb�, 
þ ¦ªöB Þ/�&� Ï�
B

æ> 5 F�Wj �J� Ï
¢ F�~� z�'b� B�¢ �ê~

&
. Fig. 2º �b& B�B POF¢ SEMb� R'� ©j ¾æÚî


. ªîÚ¾Ò¢Ê� G;� clad B� *ê~ çãf POF provider&

B�� Ò·" �~ FÒ~² ¢~~&bæ� F�B �* ÿn~ Ï


öB~ Ï�º �bòj '.~² B�~&rj {�~&
. Ï
ö

�" ê 70ª� ã"� êöº /Ï~² çã� 6²~&º�, �º

core Wª� PMMA& Ï�>V �·� ©b� �JB
.

Fig. 3f QOFf POF¢ �Ï~� TCE ª� >wWj jv� 
þÖ

"�
. � 
þ~ Ö"� > Ò��V& jò > �V Ú�~ fiber¢

ÒÏ� ®
�Bº �² >wW~ N�¢ ¾æÚæ prj {�~&
.

ÒÏB 650 ml Ïï~ >wVöBº 410 ppm~ TCE¢ 90% �ç ª�

~º� 40ª ;ê& ²º>îb¾, � ¾Ò �*f >wV �V 5 �

'zB ®
 >~ {�·ëj �~� ��Îî > ®º º²�
. jÞ

� ÒÏB �~ ·� 360 nmöB~ 32 mW/cm2f ¢>'b� æ�ç

ö ê�~º �·�~ ·� 100 mW/cm2 7~ 360 nm 2Ë~ �~ ·

�
 
² ¸f >~�¾[16] ÷7B �j Û~� POF �Ê�~ Ë6

� �~ *�j Û~� Nêö �·7 �Ï 
Ú�V ;z�Ê�ö~

'Ï� &Ë� ^V¢ �C� > ®
. � 
þ *ö >¯B ÒÏB B

¢ Î*~ ÂK^Vê 'Ëj �ÒöBº 900 W(57 mW/cm2)ó600 W


300 W(10 mW/cm2) Bb� >wW� ¾æÒ
. � Ö"¢ :ûb�

Î� 
þöB 600 W ÂK^V� 
þ
� >¯>î
.

Fig. 4º ;�ê îïj� B�B 7/
 �j �Ï~� z+Å>¢

�.~� >wWj jv� Ö"�
. 3² z+� ®
� &Ë �� ³

ê ç>¢ ¾æÚîb�(k=0.14 min−1), �ê~ 
þöB 3² z+B

POF ®
j ê³ ÒÏ~&
. 7RF>wV~ ãÖº �� �Ò>º �

" >w� ¢Ú¾º 7/
 ��� B� >&�V r^ö Ã&>º z

+ vþº '; vþræ >wW� Ã&>
& 6²~º ©� ¢>'

� ãË�
[14]. ÒÏB 3² z+~ z+vþ¢ {�~J SEMj G;

Fig. 1. Schematic diagram of bundled POF.

Fig. 2. Effect of solvation time on the diameter of POF(SEM left: after
30 sec, right: after 3 min).

Fig. 3. Comparison of reactivity for TCE degradation between QOF and
POF[1.0µl TCE in 650 ml reactor, 5 wt% P25 sol, 320 nm cut-
off filter, ca. 32 mW/cm2 at 360 nm, 12 fibers(30 cm)].
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� �~b¾ �VN ·ÿ� B�>º Vê' Nê� POF& ¶ç>Ú

G;� ®&Ë~&
. �Þ ¾r¦V ö~º z+Å>� ò� ê >w

~æ p�, >wö �Ï� ©j 
� z+�B z+Å>¢ 8²ræ Ã

&�B �~j rº >w³ê& ê³ Ã&~º ©j &V~&
. �f

&NB �Fº ª�&ç bî� TCEö &� F�' Ö"(Cl ¢:¢ö

~� >wW Ëç) 6º 7/
~ *¾Ò Î"¢� ºG� > ®
[17].


� �Ê� æ>� 7RF~ çã æzö V� Ö" jv& Fig. 5ö

¾æ¾ ®
. ¢;� ^�~ 7RF çã~ Ã&º z+B 7/
~ ·

" >w�'~ Ã&¢ ~�~æ� >wW� Ã&~
& BB® Ã&~

º �� 6²~º�, �º çã~ Ã&º ç&'b� >ÒÅ>~ 6²

¢ ¢V~� 7/
ö ~� �~ �>& 6²~V r^�
[11]. ��

æ� POF ®
j B·� r, ¢;� ^�öBº ';� çã� �Ò�


º Ö�ö ê��
. Fig. 6öBº ÒÏB POF~ >f ^�¢ '.®

�.~� POF ��'j ¢~�Vj r >wWf �~ FÒ~² G;

Nj ¾æÞ
(1² z+~ ãÖöê ÿ¢~² {�N). *~ v Ö"¢

«���� ¢;^�~ �Ê� �W~ ãÖ ';� çãj <º POF

~ >¢ ¾J ®
j B·�� &Ë �ç'�¢ � > ®º�, b� �

Vö ÒÏ>º 7ö~ ^Vê �J>Ú¢ �j r > ®
.

Fig. 7f VOCs~ ¢«� TCE ��~ öêRö &� 7/
 ª� Ö

"�
. 7* �Wb�º acetaldehyde, formaldehyde, acetic acid& ¦

Â>îº� �
 Îv �W>
 66 6²~� öêR� CO2� j*

ZVbz(mineralization)Nj *7'b� Ã«� > ®î
. �¾B CO2

¢ ç7 {�~V *~� in-situ� FTIRG;� &Ë� >wV¢ B·

~� ê³'� 
þj >¯~&b�, � Ö"¢ Fig. 8ö ¾æÚî
. �

*ræº >wb~ B�ö .6� �Ö^ ®º ªC� �ê>îb¾,

¦Öb~ 2k" �« Öb� CO2~ G;f 
Ö 7º� ~ã'/
Ï

Fig. 4. Effect of coating times on TCE degradation(under the same con-
ditions used for Fig. 3 except coating time).

Fig. 5. Effect of POF diameter on reactivity(under the same conditions
used for Fig. 3 except POF diameter).

Fig. 6. Effect of total surface area on reactivity(under the same condi-
tions used for Fig. 3 except 3 time coating and preillumination).

Fig. 7. Result of ethanol degradation with POF system(under the same
conditions used for Fig. 3).

Fig. 8. Measurement of CO2 in ethanol degradation with in-situ FTIR
reactor.
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'� ~�¢ &æ� ®
. �ö~� >wb�
 F�� Öbf .&'

b� :²ç~æ pb�, � F�~�¾ Z�� Öb 6º �«'� j

* mineralizationÖ"b� CO2�~ *~ò� 
Ï'� ~�& ®V r

^�
. 6� Fig. 8~ Ö"º Fig. 7~ öêRª� 
þ~ GCªC Ö"

fê jv� > ®º� öêR� j*® *~>º� £ 90ª ;ê& ²

º>�(FTIR" GC~ sensitivity �J), ¦Öb
ræ j*® ª�>Ú

CO2� *¦ *~>º� £ 200ª� ²ºN� ¢~~&
.

4. Ö �

TiO2(P25, Degussa)& z+B POF >wV¢ �Ï~� C2HCl3(trichlo-

roethylene, TCE)f öêR~ Vç 7/
 ª�>wj ¦Æ~&
. Clad

[~ B�¢ *~� 13«~ Ï
¢ ÒÏ~� Ï�ê 2¢�V¾ ·Ï

V �j Û~� &ËWj {���~b¾ j^Êö 3ª* Ï�� ãÖ

& &Ë ';~
� SEMj Û� 6�>î
. TCE~ 7/
ª� >w

f POFö 
7 z+B TiO2~ vþö �² 'Ëj A~�, POF~ ç

ã~ æzö ®ÚBº çã� Ã&�>� >w� Ã&~&b¾, ç&'

b� 7RF Ú~ >ÒÅ>~ 6²� �� >wW Ã&& *Ú�º Ö

"¢ {�~&
. 7RF~ çã 5 ^�~ ÿ�æz¢ Û~� >w�

�'� ?b� >w ;ê& ¢~�j {�~&�, öêR ª�~ ãÖ

in-situ FTIR G;j Û~� CO2� j*® *~Nj {�~&
. Ö�

'b� � ��öBº plastic optical fiber¢ �Ï~� 7z�>wj ê

Î� > ®º "�¢ 
þ'b� B�~&b�, *f ?� ��B POF

�Ê�j ÒÏ~�, QOF �Ê�~ �6j Ïª® �jF > ®b�, 7

/
>w �Ê�~ çÏzö V� ~ã;z 5 ãB' 2/Î"¢ V

&� > ®bÒ¢ 6�B
.

6 Ò

� 
þf (")újJf~ Vë >ç"B(KIER A0-5157) ;�b�

>¯>îb�, �ö 6Ò�ãî
.
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