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Abstract − A study on photocatalytic degradation of acetaldehyde was carried out by using the immobilized TiO2 on a

porous α-Al 2O3 tube. TiO2 was immobilized by sol-gel method or suspension coating method. The photocatalyst prepared by

the suspension coating method showed the highest reactivity toward photocatalytic decomposition of acetaldehyde. Effective

thickness of TiO2 layer was estimated to be about 10µm. Both O2 and H2O could initiate the photooxidation. O2 showed pro-

motional effect on the photocatalytic oxidation, which H2O exhibited inhibition effect. The photocatalytic oxidation of acetal-

dehyde rate decreased with increasing initial concentration and showed first order expression. In the range of 25-70oC, pho-
todecomposition of acetaldehyde was not affected by the temperature.
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9* ;<3  =� >� ?@98 AB	4 C�. 8D� ?@9 �

EF GHI� J� K :J GLM  N8 OP QRS� ��. G

HIT UV� WX�J Y* Z!3[ �\] ^_8 `4a�b �

cQd :"* e3df, 8D� GHId G�g 3�h �ia H2O

j* ��0� 3[, Kkl K :* ���m ! ��[1, 2].

GHI� J� �  �� 04  N� [nJ HI ^_o p<, q

r8a �r�h st GHI ^_* uv�m ! �d Xw* xd�.

yz {|�, ��0�h ?  �J �i1 8}~ ! ��, � E�J

�� �l:8 CO2c H2O� �M3�. �<�, �  �� :"J `

^]
 �� ��� ! ppm �=J �� ��8�, ��J �\] ;

< ���� LM~ ! ��� 5LMl K :8 ��	4 �  �/

� 8D� ���h K : LM� ��� GHI ^_8 �� � 

��  N�� �P ��S� ��[3-5].

�� g}	d GHI�d [D �' ̂ �� :"9* 8}3� ��.

8D� :"98 �0� g}	  =Mh x�42 ~ ����d G

\] �l8 �42 3�, G\]�� �@M2 3�, ��� �  �

(¡J Y* 8}~ ! �42 ��. ¢� �£8 ¤2 ��d ¥8�.

`^]�� G��^_� �� ��: ^��J �l� TiO2� �X

¦o]
 ¥�� §¨© ��.

�Da, Ollisc ?ª «�¬9� Kkl K : ;<� �� GHI

�­®J g}� �4h �0]
 _}* ¯J3df �4h ° �'
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/0w* ']3� ��. ±, suspension q²J TiO2³¬1 @!´

:�µ¶ ·!3[ 81 �g}3d o@�h B�	d ·!qJ 4¨

¸o �� �� ³¬c TiO2³¬1 L<�¹d o@�h B�	d TiO2

³¬J º�8 �}� �»�h µ¼½d �X ¾ /08�. ��h,

8D� /0w� GHIJ ¦¿* À3�¹' Á� TiO2 ³¬1 ]Â

� �� ''�� �@����Ã MÄÅ ! ��.

Æ «��hd TiO2J �0]
 _}* =3[ TiO21 �?l α-Al2O3

Ç� �@�3[ filtering ¦o� ÈMu �@� GHI1 0�3É�.

�<�, �@� ����d TiO2 sol* 0�3[ �Ê ËÌ� JM α-

Al 2O3Ç Í� �@�3d ��o TiO2 powder1 ÎÏ �@�3d �

�* g}3É�. �<�, GLM ^_* =� :"�d acetaldehyde1

g}3É�.

2. � �

2-1. Method A(sol coating)

TiO2 sol* 0�3[ ''�
 α-Al2O3 Ç� �Ê ËÌ3É�. GH

I� g}� TiO2 sol� Ð� §Ñg8Ò� titanium tert iso-propoxide

(TTIP, Ti[OCH(CH3)2]4, Aldrich Chemical Co.)1 g}3É��, �!

LM ^_* =M ÓÔ!1 g}3É�. �<�, sol }ÕJ }I�d

iso-propyl alcohol[IPA, (CH3)2CHOH, Duksan Phamaceutical Korea]*

g}3É��, TTIPA"* =� Ö×l <7Ò� 2,4-pentanedion(Ace-

tylaceton, Acac, CH3COCH2COCH3, Acros Organic USA)* Ø�3É�.

Sol}ÕJ 0�1 =M g}́  }ÕJ Ù� ÚÛ¿� TTIP : IPA : Acac

: H2O=1 : 2 : 2 : 0.58�, �HI� +ÜJ HNO3* g}3É�.

Sol }Õ* 0�� Ý, �ÊËÌ* ��3Édf, �Þ ß'ËÌJ �

à�d á³¬� âJ ãä� å`� ËÌæ* ç  4¨à� è;<

� åè8 B�3  é�. ��]
 ���� �ÊËÌ* g}3df,

8d sol }Õ* α-Al2O3Ç� êo�ë sol ³¬9* ''�J  ?�

� Q³3d Aì�� 8}� ¥8�. Æ �í�hd "i �J Êî

�� á }Õ* ''� ��� ï4ð��.

ËÌ* � ñ � Ý qr�h ���ò Ý, 0.7oC/minJ ��� ó

r3[ 450oC�h 2�7 ª� è;<3É�. ô� ���� 1·�h

4·&' ËÌ3É�.

2-2. Method B(suspension coating)

Method Bc C�h g}´ TiO2d q} TiO2 Le
 Degussa P-25

1 g}3É�. TiO2 Le* α-Al2O3Ç� �@�3  Ù� powder�

õ öP 3  =M ÷À NaOH 5 M !}Õ� α-Al2O3 Ç* �ø�ë

ãä* âùP z9��. �ø�ò α-Al2O3 Ç* TiO2 powder1 ú

5 wt% ��� !}Õ� `@�7 ûF ü, ýÍ4 150oC�h 1�7

ª� è;<3É�. �<�, þå`3P ËÌ´ TiO2 powder1 0â3

  =M ÓÔ!� TiO2� �@�´ α-Al2O3Ç* ÿ�3É�[6].

2-3. Method C(TiO2-SiO2 coating)

TiO2 powder(Degussa P-25)1 SiO2 sol� JM α-Al2O3� �@�3É

�.[ �h SiO2 sol� TiO2 powder1 α-Al2O3Ç� �@]�� �

@�3  =� Ï�0� g}	��. SiO2 solJ 0�1 =� Ð� §

Ñg8Ò�d tetra ethyl ortho silicate(TEOS, Si[O(CH2CH3)]4, Aldrich

Chemical Co.)1 g}3É�, �!LM ^_* =M ÓÔ!1 g}3É

�. �HI�d ��(HCl, Duksan Phamaceutical Korea)* g}3É

�, ethanol* solJ }I� g}3É�. 0�´ sol� 50oC�h 12�

7 ª� �l�ë w� 50 CP� z� Ý, TiO2 powder1 SiO2 sol�

��P L��ë [ � α-Al2O3 Ç* `@�7 û�� qr�h �

�3É�. ��´ α-Al2O3 Ç* 1 oC/min�� ór�ë 450oC�h 2

�7 ª� è;<3É�.

2-4. TiO2 ��� ���� �	�

Method A(sol coating), B(suspension coating), C(TiO2-SiO2coating)J

���� 0�´ ..J �@� GHId SEMo XRD1 ÞM �l

L�* v3É�.

2-5. �
� �


..J ���� 0�´ �@� GHId Fig. 1o ô� ��� ^_

 1 Þ3[ GLM �l* 	@3É�. Ù� ^_ X½d carrier gas

J KÜ �Â µL, acetaldehydec H2OJ evaporator, reactor, pump,

UV-lamp� 8
4© ��.

�@� GHI� �³	4 acetaldehydec ÎÏ ÏH� JM ^_*

`�m ^_ d Quartz1 g}3[ ê�3P 0
3É��, [ � G

�* 0?~ UV-lampd ú 254 nm WX8 QWX8 	d Y* �g

3d 8 W�< UV �Gj(Sankyo Denki Co.) 2A1 g}3[ ^_

 �h ú 5 cm �4u ^_  %ä�h �L� G�g1 S�b 3

É�. ̂ _:�d acetaldehyde1 �@3É��, Ù� ^_ X½ ÍµJ

r�d ú 40oC� acetaldehyde� _�	' Á�b 3É�. G^_*

=� Ø�0�d O2c H2O1 .. g}3Édf, ÕqJ acetaldehyde

c H2O1  q ^_ � �³3  =Mh ..J saturator1 �Û3

[ carrier gas
 N2c �� ^_X½ Íµ� Q³	�b 3É�. �<

�, H2O, O2 # acetaldehydeJ ��d carrier gasJ KÜ* �Â�

��Ã ��1 �� ! ���, GHI ^_ Ù ..J  � ��d

GC� L�3É�. 8�P ^_  Íµ� �³´  q acetaldehydec

Ø�0 # carrier gasd pump� JMh 3 L/minJ K��� ��3P

3É�. �<�, GLM �í* �
3  Ù� ^_  �1 �L� �

��ë s�  �98 HI # ^_ X½� �Ù� Z�	P 3É�.

�<3[, acetaldehyde # !L jJ ^_  �98 `@� ���*

an� üJ ��1 �  ��� 3[, GHI ^_ 8�J ¦o1 E

�� �03�b 3É�.

E�]�� _̂:J �� ��d Gas chromatography(Shimadzu GC

8A, FID)1 g}3[ L�3É��, column� Porapak-Q� �u´

packed column* g}3É�.

3. �� 	 
�

3-1. TiO2 ��� ���� �	

Fig. 2d method A�h C&' ..J ���� 0�� TiO2 �@�

Fig. 1. Schematic diagram of reaction system for photocatalytic decom-
position of acetaldehyde.
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GHIJ �äJ SEM8+'8�. ÿ�'J �@� �� st α-Al2O3

ÇJ ãä� TiO2�* �l3� � * !
~ ! ��. �Da, method

A(sol coating)J �à �Ê ËÌ�  ?J Íµ�&' TiO2� �u	

4 �4 ãäJ TiO2� t�� �� B, CJ ���� "� ¥* #

! ��. Method B(suspension coating), C(TiO2/SiO2 coating)J �à

�d st 7-8µm �ÜJ t�1 �u TiO2 �8 Û$] ��P �

l	4 ��.

Fig. 3� ..J ���� 0�´ TiO2 �@� GHI1 XRD L�

� Äo8�. L�� g}´ TiO2d Al2O3 Ç��µ¶ "P %4Í4

�Û3[ Al2O3 =�hJ TiO2 �l* # ! ��b 3É�. Method

A�hd anatase qo rutile q8 ª�� ç4&��, method B(sus-

pension coating)c C(TiO2-SiO2 coating)J �à Degussa P-25 powder

c ª`� peak1 ç4, è;<� J� ��� �� * § ! ��.

�<�, method C(TiO2/SiO2 coating)� J� SiO2-TiO2d �!� TiO2

c ô� XRD peak� ac SiO2� �\]
 Ä'�8 �' TiO21

�@�3  =� Ï�0�hJ ¡~z* 3�, (� ]� %�� )�

3� � * § ! ��.

3-2. �
� �


3-2-1. *Û �í

�@� GHIJ ^_ �l* 	@3  Ù α-Al2O3 ''� ¬�J

GHI �lo G�g �d ���hJ TiO2J LM¿* §{�+�.

Fig. 4d TiO2� û'´ α-Al2O3Ço �! α-Al 2O3 ''�� �3[

UV # Dark q²�hJ GLM¿* 	@� ¥8�. 8� α-Al2O3 ¬

��d GHI �l8 Ù, � * !
~ ! ��, UVz� JM

acetaldehyde� âJ LM	' Á� � * § ! ��. �<�, �@

� GHI� UV1 �g3' Á� ^_* -* � G�g� �d �

��hd TiO2� J� acetaldehydeJ LM ^_8 Ù, `4a' Á

 * § ! ��.

3-2-2. �@� ��� �� GLM ¦¿

Fig. 5d ..J �@� ��� �3[ ª`� ���h acetaldehyde

J LM¿* 	@� ¥8�. Method A(sol coating)� J� TiO2 �@

� GHI� �À3P �� ^_l* �Édf, 8d TiO2 sol ³¬J

O � 
{ �µL α-Al2O3 ÇJ  ?Í� �u	4 �� ��9�

ÛM ãä� .�	4 �d TiO2J %8 q�]�� ]  �/� ]�

%J TiO2 z8 UVc ÏH~ ! �  �/
 ¥�� g/´�.

Fig. 2. SEM images of cross-section of TiO2 coated Al2O3 tube(a: method
A, b: method B, c: method C).

Fig. 3. X-ray diffraction pattern of TiO 2 powder used in this study(a:
method A, b: method B, c: method C).
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Fig. 6� �X �� ^_ ��1 an� method B� JM 0�´

�@� GHIJ ËÌ ·!� �� {ÿ0§f�ÒJ GLM¿* an

� ¥8�. ËÌ* ^1�� �� 245 TiO2J û'Ü8 GLM¿*

)q�¹� ��a, 5· ËÌ, ± û'Ü8 3.781 mg/cm2� �p� 8

Ý�d ^_ ��� ¾ ()* +½' Á * § ! ��. ��h, α-

Al2O3J ãä* �Ù� 3* @�J "� �* �l� ü�d � 8

qJ TiO2� ËÌ	È�� G^_�d ()* +½' Á� ��. 8d

TiO2æJ GZ!48c Ç»	5� Fig. 7� JM TiO2æJ ú 55µm

&'� G^_� g}	� � * § ! ��. �Da, ¦o]�� 8

}	� �d TiO2 æJ 48d ú 10µm ÙÝ� ana� ���.

3-2-3. O2 # H2OJ ()

Fig. 8� GLM ^_* =� Ø�0� O2c H2O1 .. 20% Q³-

* �J ^_ Äo8�. Ø�0 �8 N2z Q³� G^_8 Ù, `4a

' Á+�, O2c H2O1 ð�* � Û�i G^_8 A�	d ¥*

§ ! ��. �<�, O21 ��0� g}-* �J GLM¿8 �X 67

�, H2O1 ð�* �J LM¿8 �X 89�. ¢�, O2c H2O1 ��

Ø�3É* ��d ��¨ O2z Ø�-* ��� ^_l8 �4'a,

H2O��d �i �� ¥�� an:�. 8d O2c H2O st � �

G^_* KB�¹d ¥� ��3'z, O2J �à�d ̂ _* Hu�¹d

�)��, H2Od Ù� ^_* ;0�¹d �)�� .. 
}3d ¥�

� �.´�. Anpo j[7]� J3ä, H2O� Ù¬-@?<J �Ä'* Hu

�¹�, O2� ;0�ò�� 3df, 8 Äoc õ ̀ ½3� ��.

3-2-4. �  ��J ()

Fig. 9d {ÿ0 §f�ÒJ �  �� ��� �� GLM ^_J

Äo1 an� ¥8�. LM¿� �  ��J ()* S� ���, �

  ��� Ó�~!b GLM¿8 �4=* !
~ ! ��.

`^]�� GHI ^_� {�c ô� Langmuir-Hinshelwood ��

JM ã�´�[8].

Fig. 4. The effect of Al2O3 support and UV irradiation on decomposi-
tion of acetaldehyde(100 ppm).

Fig. 5. The effect of immobilization method on photocatalytic decompo-
sition of acetaldehyde(100 ppm).

Fig. 6. Effect of the number of TiO2 powder coating in method B on
photocatalytic decomposition of acetaldehyde(100 ppm).

Fig. 7. Effect of coating depth of TiO2 in method B on photocatalytic
decomposition of acetaldehyde(100 ppm).

Fig. 8. The effect of the kinds of oxidant on photocatalytic decomposition
of acetaldehyde(100 ppm).
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d

ma,

x,

t-
Rate = (1)

8�, kd �� q!, KAd Z��� q!, [C]d ^_:J ��1 a

n��.

�Da, Æ «��h g}´ {ÿ0§f�Òd 100 ppm�� Ià �

� ��85� =J Langmuir-Hinshelwood ��h LsJ >* 0â

3[ âJ 1? �� Fg3�� ~ ! ��. Ä@ {ÿ0§f�ÒJ

GLM ����

Rate = (2)

ln[C] = kt + ln[C]0 (3)

�� anA ! ��.

Fig. 10� ��� �� ^_J Äo1 =J 1? ^_�� �@3[

an� Äo8�. {ÿ0 §f�ÒJ GLM ��� âJ 1? ^_�

`½3� � * § ! ��. 8 Äo1 BC�� �  �� 100 ppm

�hJ ���* ã�3ä

* ç* ! ��.

3-2-5. r�J ()

Fig. 11� r�� �� {ÿ0 §f�ÒJ GLM ^_ Äo8�. 25-

70oC�h GLM¿� âJ �3' Ád ¥* !
~ ! ��. ��h,

TiO2 GHIJ ^_� r�cd Ù, �Ç3P UVz�� �l�	�

� * § ! ��.

4. � �

Æ «�Äo TiO2 Le* suspension coating�(method B)�� 0

�� �@� GHIJ ̂ _ ��� �X 67�. ��0� �4hd O2

c H2O� st � � G^_* KB�¹'z, O2d ^_* Hu�¹

d ^ä H2Od ^_* ;0�¹d h� q^´ 
}* 3d ¥��

an:�. �<�, �@� GHIJ GLM ^_�h r�d ^_� {

�D ()* +½' Ád ¥�� an:��, G^_� g}	d �@

� æJ 48d ú 55µmÉ��, ¦o]�� 8}	� �d TiO2æJ

48d ú 10µm8��. 

� 


Æ «�d �@�E' N«�iJ «�Û '�� JM 8
4u ¥

³|�. «�Û '�� FgÒG|�.
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d C[ ]
dt

----------- k C[ ]
1 KA C[ ]+
-----------------------=

d C[ ]
dt

----------- k C[ ]=

d C[ ]
dt

----------- 8.66 103–×( ) C[ ]×–=

Fig. 9. The effect of initial reactant concentration on photocatalytic de-
composition of acetaldehyde.

Fig. 10. Reaction rate of photocatalytic decomposition of acetaldehyde
in TiO 2 coated tubular membrane.

Fig. 11. The effect of reaction temperature on photocatalytic decomposi-
tion of acetaldehyde(100 ppm).
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