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� �

��� UV/TiO2 ���� �	
� �
���� �� �	� ���� ��� ��� 
���� ���  !" TiO2

#$%, H2O2 &'%, (� )�, *�+, -� ./�0 $1 23
45. 6 78 9: ; COD< �	" ���� ��

=>� ? @  H2O2� &'A =�B�C2 COD D�>A H2O2 &'�%� E$  FG HIJ� K � LC5. ���

M,N (� )�$ E$O  FG E$
4P1 *�+,� ./  FQ COD D�>  RSJ� K � LC5.

Abstract − The characteristics of photodegradation of water-soluble cutting oil with the demulsified pretreatment were inves-
tigated in several different conditions, such as the input amount of TiO2, dosage of H2O2, light intensity and initial concentra-

tion. The oxidation reagent of H2O2 was effective for better removal efficiency of COD. Removal efficiency of COD was

decreased linearly with input amount of H2O2 and the photodegradation rate of cutting oil was increased with light intensity.

The rate of photodegradation increased with the increase of light intensity, and was proportional to the removal efficiency of

COD with the change of initial concentration of cutting oil.
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1. � �

��� ��� � �	�
 ��
 ����� ���� �����

� ��� ����  !"# �$% COD(Chemical Oxygen Demand)

" & 30,000-100,000 ppm '�� () ��� *+ ��,- 1995./

�0�� 12 34 �$- 10056, 78�$- 3056, 91�$- 11

56 :- ���;� <. => 13.8%? @!��� A"�� B�[1].

 !"#�CD EF�� "#�G� �$ HGIJKL/ MN@ O

�P QRIJD S� �� B�� IJT"" U!��� VW�� B


X YC�� 
Z[/ \� B�. IJ� �]� �^ ���� �$

- �_` �ab Yc d,-e� f�g� �h` ijk lm/ n

op q�. reX �s t�" u% *+� ]'`X� vYwx yz

`X ���� �$� ��,/ {dK|� YC��� IJ} � B

� �~ �w" S� �i� �V- �� B�.

 !"##'` EF�� �C� EF�� ��` re <c �	�

� �p �F)� ��F)�� s���, �F)  !"#�C� 34

C, 78�, 18�, -�C :- B�. �F)  ! "#�$� )�%

�C� ��` re �	�� �V, #' �` �a�� ��F) �V

�
 ̀ ��(emulsion)V�� �� �J� j�  !chip� ��J� :

- ���
 B�.

�V�� oil skimmer, API, CPI :� �% �U� �J��` �^

X �p C�b � B��, `�� ����� ��^�-� ����

� `��/ ��k�. �J� #� �V�� �% �J #'` ��P

�  �V�� xvq ��/ C�k �¡ �¢£¤#'�� ¥n¦H

� `��/ £¤K§ ¨ ©ª «% �VK¬ C�k�.

IJ�`� ��- �� C��@5 Uz­)C
 ���@C, �®

¯"C : P° �±) �²�- ���
 B
 -D �J�� Q^X

­)³` �k ´µ-� ��¢� IJ" ¶���. �°� -°k �

�% IJ#'- ·¸�� �,� ¹°@D ��K|� C� º»- ¼

@ ½� ���0` ��²} ¾5 �¿e ���� �$��,- �

'o ½� ��¢� IJ` 
Z[- À�[1].

-°k ÁCÂ/ ¥·�� Q^X Ã�Ä �IJ �~Å�- ¶��

�, -
 �% �Â`X ��IJ�~` �k À% 1s" -Æ
@�

B�[2, 3]. -�`X �Ç �� �~� ��� TiO2 ÈÉ< ��KÊË

% Ì0 ­)¹°@��� IJ" ÍÎk ��" IJ"±�� ÏL�,

Äx� � �@ 7{ :`X YC)- B
 �h� �� +` ��q
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���²�� º»�� C����� ÐÑ S�Ò� B��[4, 5-7],

H2O2, O2
 O3 :� ��C
 ÓK` EF�P ��Ô/ AÕK|�

��- 1s�� B�[3, 6].

ÈÉ<D -Fk �IJ ��% �Ö� IJ ��` ��P �)�-

vY` ijk ÁCD ��|@ ½��, ×7- F-��, ØÙ EF�

� B� HÚÛ� �IJ #'  ̀£F} � B�� ÜÂ/ @¿� B�.

Ý 1s`X� �F) 78$` ��P ��^�` �/ ¯"�P `

��/ ���� xIJ�'/ �Þ ¨ �Vq ��/ C���H �

;�� IJ$` ß�B� n, ��, Uz­)C, �J� ���@C,

¥9¯"C :� �±) �²�` �^ �Ö� ¨IJ �f�à UV/

TiO2 KÊË/ -F�P �^ á)/ �â�;�.

2. ��� �	

TiO2� ÈÉ<  £ ãä¿å% �æç@ �]è éêë B@ ½@5

TiO2 Ìz� OH eìí �)% �¡� �- Lî�� B�. UV ïð

` �^X HÚÛ- É<� TiO2̀  `ñ@D #Ç�z, TiO2 x��

(conduction band)� �òq xH
 x#�� �ó
 @�, �)q x#

% É< Ìz` ́ µq ��H� É< SQ� ��� -ô(hydroxyl ion)

�  £�P ��� eìí(OH radical)/ �)�p q�[10-12].

  hv
TiO2 → h+ + e− (1) 

(2)

(3)

� ��� O2�  �G �õ  £`X ��k ö}/ k�. TiO2  

£ ãä¿å`X �d� vg` �^ �)q O2� ��� -ô/ �÷

w� ªÔk ��Ô/ "@� OH eìí- ��� «% �� �d�

xvq�� �jq�. � !� FÖ �d� �¡� �- x��(conduc-

tion-band)� xHD øù�P O2 eìí/ �)�P -��ú H2O2D

�)k�[12, 13].

(4)

(5)

(6)

(7)

(8)

Q�  £f`X �)q H2O2� �¡� �- OH radical/ �)k�. 

(9)

(10)

(11)

�)q OH eìí� x#% �¡� �% Y�D �÷ ���û�  

£k�.

Substrate +üOH → SubstrateOX (12)

Substrate + h+ýSubstrate�+ýSubstrateOX (13)

Q�  £ ãä¿å� �- TiO2D -Fk È�^  £`X� O2


H2O2� lm- ���/ þ � B�� �ÿ� ��IJ� Yc OH e

ìí �)/ �� Q^ O2
 H2O2D �a�p q�.

3. 
 �

Ý 1s` EFk ]�ÜoD Fig. 1̀  ��+��� Table 1% -°

k ]�Üo� E	� Äx×Ï/ ��� �-�. ]�` EFq K�

� �F) 78� EC-110(Shin A Chemicals Co.)/ ]C ØÜ` EF

�� ��� 	� 
» 1 : 20� �p�� 	�k ¨, emulsion breaker�

� Alum, H2SO4, FeCl3D Û'�;�. K� 200 g/ �0�� H2SO4,

FeCl3� 	/ 
J�� V�J�D �â�;�, H2SO4, FeCl3� 	/

�'k ¨ Alum� 	/ 
J�� V�J" ��� =� K2/ �â�

P �a,/ �'�;�. K�� 	/ 18 kg�� scale-upk ¨ 200 g�

�0 K�`X �'q emulsion breakerD �a�� K2` r� V�

H2O s( ) h+ .OH H++→+

OH  –
h+ .OH→+

O2 e− O2
.−→+

O2
.− H+ HO2

.→+

HO2
. HO2

. H2O2 O2+→+

O2
.− HO2

. HO2
− O2+→+

HO2
− H+ H2O2→+

H2O2 e− .OH OH−
+→+

H2O2 O2
.− .OH OH− O2+ +→+

H2O2 hv 2.OH→+

Fig. 1. Schematic diagram of UV/TiO2 system.
1. UV lamp(150 & 400 W) 6. Sampler
2. UV reactor 7. DO meter
3. Heat exchanger 8. Flowmeter
4. Circulation pump 9. Oxygen
5. Reservior

Table 1. Experimental condition of the UV/TiO2 system

Experimental conditions Range of variables

Total sample batch volume  1.8 L
Reactor volume  0.9 L
UV lamp Polychromatic(ULTRATECH, Osram)
Volumetric flow rate  1.4 L/min
TiO2  Degusa P-25

Fig. 2. Relative radiant power distribution of radiant wavelength(nm) for
UV lamp.
���� �39� �2� 2001� 4�
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J�D �â�P =�K2/ �ò�;�.

Fig. 2̀  ]�` ��q UV ïð� �Ü��D �K�;�, Table 2

`� EFk 2"@ ��� ïð` �k xÔ� �� 3� �UD ��

+��. xIJ�'/ �Þ K�� TiO2(Degusa P-25)
 �
X ØR$

V�� �Ü×` �ak ¨ �ðD �^X UV ïð" Loq -��

���  £�� w+@�,  £ ���% ��v�� C��;�.  

£` ¶�k H2O2� SE�D -F�P ×� ÅK æx` �2���

#Ç�;�. ��� ��q K�� SE� ¶ú(�# 0.45µm, MFS Co.)

` �^X TiO2 aHD C�k ¨ CODD y'�;�.

 £Üo� �v £� ���X �v� R- �� 
ò� �- Äl

� � 1! �  £×(CSTR)
 Ó��P Õ�. !"#% �' K2

2$�� %�;�� &� H2O2,, FÖ �d, :/ y'�;�. ÈÉ

< ��  £�� 78$` �k �^ º»/ y'�� Q^X CODD

-F�;�. COD� #'K���` �k CODcr/ �'y'�` �^

X y'�;�[14]. K���F$ � &� H2O2,% 2( ��) ��

� �'�P y'�;��[19] K�+� FÖ�d,� *�D y'��

Q^X, DO meter(Model 100, Dong-Shin Eng.)D EF�;�.

4. 
��
 � ��

4-1. ���

cÛ É<,� C�º»�� V� �UD þ�w� Q^X K�� +

� ÿ�
 �� 3� :/ �'�p �'K§ ¨, É<,/ *�K|z

X ]��;�. Fig. 3% pH" 3-� ô� 37oC� Yc K�� +� ÿ

�" COD 2,100 pm̀X É<,/ 0.01-1 wt%� *�K|� �%k �

��, Ý ]� -Q +`X� TiO2" 0.01-0.1 wt%̀ X �a,- �7

�/ þ � B�. k. Fig. 4� Ó�k ×Ï`X ]ô� Yc` ]�k

���X 0.03-0.08 wt%̀X �/k �^ º»/ w0/ þ � B�.

� ��� È £�� LU` B
X UV intensity
 É<,% X�

 �1� � É<,- A"}�2 �Î` �k UV ×E�J {d


TiO2 aH £¤` �k ­)Â {dD +3k�� þZë B�[7, 15].

�°� É<,- 4�@z  £` ¶�k ­)Â� 	- {d� � È

É<  £`X �0 Èg` �k É< Ð�,- ÖÙ�p q�. k.

TiO2" 1 wt%� A"�z É<, A"� �k �ÎØV�� È ×E5

-" {d�
  £- Õ%�@ ½¡/ þ � B�.

Fig. 5̀  TiO2 0.05 wt%� Yc� T�´µ±(dark adsorption)� È 

£/ -Fk �^±/ ���P ��+��. �6`X w� 7
 �-

+� COD" 2,200 ppm lö`X �8 -Q ±5%� ´µÛ� COD *

�" ��� � T�´µ% È £` �k �^±� ��} 9 ��

���@ ½¡/ þ � B�, +� COD̀  ��P TiO2 �a,- <c

4� � T� ´µ/ �� �K} � B�� E�q�.

È�^  £% ÈÉ<� ­)Â` ���- ´µ�zX  £- Õ%

q�. reX K�� +�ÿ�" <c 4/ Yc, È�^± mV` B


É<V ���h� ́ µ±(adsorbability)% <c ��k ��- b � B

�. reX �Ö ÈÉ<D ­)³, Al2O3, SiO2
 �% �#) �h` �

©K|� 1s" À- Õ% �-�[16, 17]. Ý 1s`X� ���� +

� ÿ�" <c u� �, Q
 �% É<` �k *�% �Z�@ ½:�.

4-2. �� H2O2 ���

H2O2� �P,- º»` no� lm/ �â�� Q�P K�� +

�ÿ�" COD 2,100 ppm̀X É<,� �� 3�D �'�p �'k

¨ H2O2 �P,/ 500-4,000 ppm�� *�K|� ]�/ Õ%�;�.

f (9)-(11)̀ X þ � B� 7
 �- H2O2� TiO2̀ X x��(conduction

band)� x-q xH
  £�P OH eìí/ �)�� superoxide e

Table 2. Specification of UV lamps

Lamp power
(W)

Radiant power
(�315 nm) W

Radiant power
(315-380 nm) W

Ultratech 150 150 15  22
Ultratech 420  420 20  80

Fig. 3. COD variation at various TiO2 dosage(0.01-0.1 wt%)(UV=150 W,
T�37 oC, pH=3).

Fig. 4. COD variation at TiO2 dosage(0.01-0.1 wt%)(UV=150 W, T=room
temperature, pH=3).

Fig. 5. Comparison of dark adsorption vs UV radiation(UV=150 W,
TiO2=0.05 wt%, T=room temperature, pH=3).
HWAHAK KONGHAK Vol. 39, No. 2, April, 2001
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ìí�  £�P OH eìí/ �)k�. ;k UV� æ(×E` �^

X OH eìí/ �)� � ÈÉ<� ��Ô/ A"K¬ ÅÛq C�º

»/ </ � B�. �°� H2O2� OH eìí/ d=} � B� scavenger

ö}� �� 9Á` H2O2 �P,` �k Ð�×Ï/ �'} ¶�" B�.

(14)

Fig. 6% H2O2� ÿ� *�` r� &�,� *� '�D ��� �-

�. K2- Õ%>` re &� H2O2� 	- {d>/ þ � B�. ;

k H2O2� +� �a,� A"` r� d= K2% �1��� A"

�� �- �¿e, ��� �d� 	- A"}�2 {d ?% � Ç$

^@/ þ � B�� 4,000 ppm̀ X {d»- <c Ç$^Õ�. k.

Fig. 7% H2O2� �a, A"` r� K�+� FÖ �d, *�D �

âk �-� +�` FÖ�d" {d��" K2- @ß` re =�

×Ï` �
�/ þ � B�. H2O2� �a,- 2,000 ppm� Yc +

�` 9 ppmç@ A"��" ����d� d=` �^X =�A` �


��, H2O2 �a,- 4,000 ppm� 9`� 32 ppm ç@ A"�zX

=�A` �
�/ þ � B�. 2,000 � 4,000 ppm̀ X FÖ�d *

�,- =�` �
�� K2� H2O2� d=K2� �/��� w�,

FÖ�d� �,� H2O2� ÖÙ �`X  £` r� �)�� 2S}

� B�. H2O2� �a, A"` re H2O2� dB!�" A"�� �

% �¡� �- Lî} � B�. C, f (10)� �- O2D �)�� �

^ £- c3�p >` re K�+ FÖ�d� A"� f (4)
 �-

É<Ìz� xHD �¤�P superoxide eìí( )/ �)��, -

eìí- �K H2O2
  £�P H2O2  £ !�" A"�p q�.

Fig. 8% ��� �d� �a` r� COD {d»/ ��� �-�.

��� �d� COD �� �h- �, ����d" d=q -¨�

COD/ �ò�;�� H2O2� �a,� A"` reX COD {d�

UV/TiO2 U w� Ç$�p A"�/ wP0�. k. Fig. 9�  £�+

� G�K2 30�/ �0�� D/ 9, COD {d º»/ ��� �-

�. É< HG5� �^±/ �K} � B�z, H2O2� �a,` re

X COD� Û���� {d��, 0-4,000 ppm� �a ×Ï`X� COD

{d` ��P H2O2� scavenger ö}% ���@ ½:�. -
 �%

-�� K�+ ���� H2O2 ¯"` �^X �)q OH eìí +�

ÿ�" <c u� � f (12)
 �% ���� �� £- f (14)
 �

% � £` ��P c3�p �
@/ �Z} � B�.

Fig. 10% UVD ×E�@ ½% V�`X H2O2� *� '�D ���

�-� -°k V�`X�  £- �� Õ%�@ ½¡/ þ � B�. -

Ï% TiO2" ­)/ E@ O�p �
 xH� '#/ �)} � �p

�� 9Á-�. ;k H2O2� OH eìí�� æ( �^` ¶�k `ñ

@g- ÖÙ�@ ½� 9Á` H2O2� �^  £- �
�@ ½p q�.

4-3. �	 
�

Èg� 3�  ̀r� ÈÉ<  £� á)/ þ�w� Q^X, F�% �

H2O2 OH. OH2
. HO2

−+→+

O2
.−

Fig. 6. Residual H2O2 concentration at various H2O2 input(UV=150 W,
TiO2=0.05 wt%, T=room temperature, pH=3).

Fig. 7� Variation of dissolved oxygen concentration at various H2O2

input.

Fig. 8. Effect of H2O2 input(0-4�000 ppm) on COD removal(UV=150 W,
TiO2=0.05 wt%, T=room temperature, pH=3).

Fig. 9. Effect of H2O2 input on COD removal at t=30 min(UV=150 W,
TiO2=0.05 wt%, T=room temperature, pH=3).
���� �39� �2� 2001� 4�
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Ü�D "@� Èg/ 150 Ẁ X 420 W� �Gk ̈  ]��;�. 3Ü�

Table 2̀ X w� 7
 �- ]C ÈÉ<  £` G-� 380 nm -�� �

/ �0�� } 9 Èg� 3�� 27 Ẁ X 100 W� 3.7
 A"�;�.

Fig. 11% É<, *�` r� ÈÉ<� �^±/ �âk ����, 4-

27� ��
 �- Ý ]� -Q +`X� 0.05 wt% � 9` )±- u

p ��ß/ þ � B�. Èg 3�� A"�` r� Ð� É<,� *

�� �J �@ ½¡/ þ � B�. k. Fig. 12� Èg 3�� *�`

r� TiO2" 0.05 wt%� Yc� È�^±/ �âk ��� �� 3�

A"` re A">/ þ � B�. UV Èg� A"` re ô�� 10oC

'� A"�;�� ô�� A"` r�  £!�� A"�/ �Kk�

z �� 3� A"` r�  £)� mV% UV ×E�J� A"
 x

H
 '# E-� Ù�²!� A"D û � B�[15].

4-4. �� ��

+� ÿ�" º»` no� lm/ þ�w� Q�P Èg� �a É

<,/ �'k ¨ A��� 	��zX ]�/ ]K�;�. Fig. 13%

TiO2 0.05 wt%, UV 420 W� Yc� +�ÿ�D COD 2,038-110 ppm

�� H ? 	��zX Õ%�;�. A��� 	�` reX K�� pH

� A"�P COD" 110 ppm̀ X� pH" 4� A"�p �@5 A"

?- �J �@ ½� � pH *�` r� È�^± *�� º�� �

Z�@ ½:�.

]���`X +�ÿ�" {d>  ̀re COD C� º»- A"��

�/ þ � B�. -�% �F$V� ��� HG� UV ´�
 �Î º

�� TiO2 aHû` ��P �K} � B� �, �0 UV Èg  ̀��P

­)/ E� É<  £Â� �� ���� ÿ�` V��- �'�� 9

Á-�. reX +� ÿ� A"�% ÈÉ<� TQ­)Â I ��� ÿ�

� A"D "ë� � È�^º»� {dD �â} � B�[7, 12, 18].

4-5. 
���

FÖ�d *�` r� �^º»� Ym/ �â�� Q�P Èg� +

�ÿ�D �'�p �@k ¨ �dD sparging�@ ½% ×Ï`X UV,

UV/TiO2 0.05 wt%� k Yc
 �Ü×`X spargerD ��P 510 cc/

min� !�� �dD sparging} Yc  £` r� FÖ�d,� È�

^±� *�D �â�;�. Non-sparging×Ï`X� UV, UV/TiO2̀ X

FÖ�d,%  £x 6±0.5 ppm̀ X  £+�` Ç$�p {d�P  

£ K2 20�+` 0.2±0.1 ppm� =�A/ ����. �J� �d� �

Ü× � ` �^X �� �`X 1!��� #Ç� �  £K2ÓJ

�'k !�� d�>/ þ � B�.

UV HG5��� �^ £% Õ%� � K�+ FÖ �d� TiO2

� È²)` �^X �)q xH` �k trap ¾5- �¿e K�+ �

�� �^` �^X �)�� �2G
� eìí £` �^X� d=

>/ þ � B�. reX �d� È�¢ £IK eìí �)` �k  

£`X ��C� ¶��/ þ � B�.  £ K4� �L sparger̀  �

�P �dD #Ç�;� sparging ×Ï`X� sparging ÅK` re F

Fig. 10. Effect of UV radiation for residual H2O2 concentration(UV=
150 W, TiO2=0.05 wt%, T=room temperature, pH=3).

Fig. 11. COD variation at TiO2 dosage(0.01-0.1 wt%)(UV=420 W, T
�37oC, pH=3).

Fig. 12. Effect of UV intensity on COD removal(TiO2=0.05 wt%, pH=3).

Fig. 13. COD removal efficiencies for various initial concentration(UV=
420 W, TiO2=0.05 wt%, T� 37oC, pH=3-4).
HWAHAK KONGHAK Vol. 39, No. 2, April, 2001



250 ���������	


ppli-

ean

f

 

Ö�d,- Ç$è A"k �¡ 20±2 ppm̀ X =�` �
���. -

�% f (4)-(11)̀ X þ � BM- FÖ�d" A">` re TiO2 Ì

z` �)q xHD º���� øù�P OH eìí �)!�D A"

KN ¾5 �¿e  £` r� �2G� �� £/ ÉÕK|� 9Á

�� E�q�.

5. � �
 

Ý 1sD ��P UV/TiO2 KÊË/ -Fk 78�� È�^  £

á)/ �âk �� �¡� �% �O/ </ � B��.

(1) ØR  £f ÈÉ<Üo`X H2O2� ¯"� K�� COD C�!

�D A"K|�, H2O2� ¯",- A"}�2 500-4,000 ppm -Q`

X� COD C�»- Û���� A"�/ þ � B��.

(2) UV� ×E 3�" A"} Yc` È�^!�� A"�;�� �

'k É< �a,` ��P �p lm/ no@ ½¡/ þ � B��.

(3) +�ÿ�� {d` re È�^!�� A"�;�� COD C�!

�� �1�/ þ � B��� FÖ �d,� A"` re È £!�

" A"�;�.

����

1. “Development of Minimization and Recycling System of Waste Water

Containing Oil in Metal Manufacturing Process,” Ministry of Environ-

ment(1995).

2. Serpone, N. and Pelizzetti, E.: “Photocatalysis Fundamentals and A

cations,” John Wiley Sons(1989).

3. Legrini, O., Oliveros, E. and Braun, A. M.: Chem. Rev., 93, 671

(1993).

4. Montserrat, P., et al.: J. Photochem. & Photobiol., 109, 281(1997).

5. “Development of Waste Treatment System using Solar Light, Kor

Institute of Energy Research(1996).

6. Kim, S.-J. and Moon, J.-O.: J. KSSE, 19, 391(1997).

7. Choi, J.-I.: “Computer Simulation of Photochemical Degradation o

Formic Acid in the Reactor of TiO2 Suspension,” Yonsei Univ., MS

Thesis(1997).

8. Marye, A. F. and Maria, T. D.: Chem. Rev., 93, 341(1993).

9. Amy, L. L. and Christopher, P. H.: Chem. Rev., 95, 753(1996).

10. Izumi, I., Dunn, W. W., Wilboum, K. O., Fan, F. F. and Bard, A. J.:J.

Phys. Chem., 84, 3207(1980).

11. Izumi, I., Fan, F. F. and Bard, A. J.: J. Phys. Chem., 85, 218(1981).

12. Al-Ekabi, H. and Serpone, N.: J. Phys. Chem., 92, 5726(1988).

13. Okamoto, K., Yamamoto, Y., Tanaka, M. and Itaya, A.: Bull. Chem.

Soc. Japan, 58, 2015(1985).

14. “Standard Method,” 15th ed. APHA AWWA EWF(1995).

15. Yuksel, I. and Ayse, N. O.: J. Photochem. & Photobiol., 96, 175(1996).

16. Hiroyuki, U. and Tanabe, K.: CHEMISTRY LETTERS, 1995(1993).

17. Carl, A. and Allen, J. B.: J. Phys. Chem., 99, 9882(1995).

18. Matthews: J. Phys. Chem., 91, 3328(1987).
���� �39� �2� 2001� 4�


	UV/TiO2 시스템을 이용한 수용성 절삭유의 분해특성에 관한 연구
	이창훈·박찬진*†·김성현
	*시립인천전문대학 환경공업과 고려대학교 화학공학과 (2000년 6월 12일 접수, 200

	Photodegradation of Water-Soluble Cutting Oil Using UV/TiO2 System
	Chang-Hun Lee, Chan-Jin Park*† and Sung-Hyun Kim
	*Dept. of Env. Eng., Inchon City College, Incheon 402-750, Korea Dept. of Chem. Eng., Korea Unive...

	요  약
	1. 서  론
	2. 광촉매 반응
	3. 실  험
	4. 실험결과 및 고찰
	5. 결  론
	참고문헌



