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Abstract − In this study, the photocatalytic degradation of acetaldehyde into CO2 with coated photocatalyst on the flat sub-

strate was conducted. To obtain the detailed characteristics of the reaction the Lanmuir-Hinshelwood kinetics was applied.

Modelling of the reaction was successfully achieved with the aid of constants(kL-H, K) extrapolated from the experiments.

Reaction rates increased with increased coated area under the same initial concentrations and light intensities. The order of rate,

however, changed first to zero with increased light intensity and the same coated area. Those two results brought an issue that

at certain light intensity a less-coated area may result in a higher rate, which was finally identified experimentally in this study.

The light intensity and the coated area are the most critical factors in photocatalysis, the optimal combination of which can

show the synergy.
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1. � �

VOCs(volatile organic compounds)� �� ���� �	
� �
�

� ��� �� ���� ���� ���� � � !�"#� $%

[1-7]. Dibble& Raupp� �� 
' TCE(trichloroethylene)� ��( )

*�� ��� + � ,-. �/� VOCs01� �� TiO2/UV -2

3� �� %4� 567 89�: �; $%[8]. < 9� 	�� =>

?@ABC� DE�� &F G� HI7 �� �J� KL M�N&

O-� PQ R
S(740 mmHg @20oC)�� TUVW
�XM� Y0

�; $�Z, [\ ]��^�_ “sick building syndrome”�`� ab

� c07 �; $� M��
d 	%. e� =>?!, �fg, hij k

� l!� a �:�Z, m�, �n, op, qo, �r0, s�t, uv!

�0 k� 0w� a �:�;, x�y(odor threshold)Q 0.004 ppm�%.

z 56�(� {|� ���7 }~. -23�( =>?@ABC

�� "#�d� {7	
 �	� Langmuir-Hinshelwood �d�� =

>?@ABC� �
 �d� }~|�� ,�� �	� � 	�%. �

��� ��� "#Q � (1)& �Q ��� Langmuir-Hinshellwood �

d�� � �Z[9-16], ��4, �� ��, "#M� �
�d, "#�

d, �� >
 k� ���"#� �d� �r� �%� �Q � @�

t a,�%[17]. ��� �D^ �� z��(� D�� �� >
�

�� |�� '���� �� "#�d� � 	� "#
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2. � �

=>?@ABC(CH3CHO, Aldrich Co., USA)� ¤ �' �0	� ¥

; a 	��Z, ��� TiO2� P-25(Degussa)� � 	�%. z ,��

( a . MQ Milli-Q plus-23�( 0w. R¦
(§¨>18 MΩcm)

� � 	�%. ©ª ��� �� ,�Q PYREX«�� ¬�­ b��

"#
� � 	� 
®	��Z, "#
 �h� 630 ml(̄ �� 47 cm,

°�±²Q 4.4 cm)�³%. ¬	� �´�� �� P-25 �µ� ��


� ¶X	� · '¸� ¹ª /, ºD» (� #8�� �� ��	


�	� 30�» �*� )i	�%. }~��¼� soda lime glass(2.5 cm

½20 cm)� a 	� dipping	��Z, }~. ���� ¢w� '��

( ,-	�%.

��7 }~. Wi¾� UVA¿À(black light fluorescent, 15 W, GE

Co., USA)� a 	� wa�� � >
� ��7 }~. Wi¾& �

¬&� 1i� � 	� 1-9 mW/cm2(0.9028-6.3198 einstein/min½10−5)

Á��( %4	_ wÂ	�%. � >
� Ã�Q UV intensity meter

(Minolta Co. Ltd., Japan)� � 	� e�� 360 nm�( Ã�	��Z,

=>?@ABC �d� �` 500 ppmv(12.88µmole)�( 2,400 ppmv

(61.84µmole)Ä� %4	_ ���"# ,�� 	�%. =>?@AB

C� Å'�� "#
� eº	�;, "#Q =>?@ABC7 
�	

� �d {­'¸7 . / '�'S� w¢�( ,-	�%. �d{­

'¸� =>?@ABC eº / o 1-» ²& / �Æ: Ç�Z, dark

adsorption� �� {­Q 1-»& 10-»�(� ,��( OF	_ W

��³%.

��� "#� �� xÈ	� =>?@ABC �d� HP-FFAP(0.32

mm½25 m½0.5 mm, HP Co.) ÉÊ� �Ë. GC(HP 5,890 series II)-

FID� � 	� Ã�	��Z, ÌÍ!M� �!�ÎÈ� �´�ÏQ

Porapak N(80/100 mesh, HP Co.) ÉÊ� a 	� GC(HP 5,890 series

II)-TCD� � 	� Ã�	�%. 9»lVM� �V�Ï� �	� �d

� �"#
(0.125iÐ, °�±² 35 mm, ̄ � 127 mm)� 0Ñ	� FT-

IR(BOMEN MB-series)� � 	� £�	�%.

3. �� 	 
�

Fig. 1�� {­'¸� OF �
�d�( }~|�� �� =>?@

ABC� �� Ò CO2� lV ²r� �Ó°³%. "#M& ÌÍlV

M� 4Ô�7 1:2� Ã��: =>?@ABC7 ÕÖB CO2� ×
M

� �³*� RØ	�%. OF� �
�d� �� 4�( |�� R7

Ù
Ú R7	� "#�d� �� wa�� ���� J|�(+VJ|

�)� R7	
 Ûc�%. "�� OF� |�& �� 4�(� ���

´� R7� �� Ü& Ý�Ä�� �d� R7-Þ� < �'� R7

� "#�d� R7-Þ� ¥� ��� @�ß $�A[18-20], ���

à&^Q ��� "#�( �� wa�: áÜÙ 
 $� J|�� R

77 "#�d R7� �â 9[ã� �Óä%. m� �
�d� �`

"#�d7 R7	% åæ� ²rQ )i�' M�
�� �d� J|

+VDi »� '�� 4�� ¡Øç 
 $%. �
�d7 èQ ²â�

� +VDi7 ÕÖB éW�� ¥= �d7 1ê��� R7	�, �d

7 ë�
Ú J|+V Di7 ÕÖB éW�: �d7 0ê7 .%[21-

22]. �� �Q ²rQ J|"#� ¡ØÙ Û ì� a �� � (1)& �

Q Lanmuir-Hinshelwood(L-H) ­� "#�d� �gZ � �� KiCi7

1í% �â î Û� �â Ñ� Û, ïï 1ê� 0ê ��� »eðQ D

Ø	%(Fig. 2).

(1)

�
(, rQ "#�d, ki,L-H� ñí
 "#�d'
, Ki� òË'
, Ci

� "#M� �d� �Óä%.

|��� �
�d� ói	� ,�� 
®	� L-H�� ñí
 '


� òË'
� 6Ù 
 $�A, � (1)� ô­	� � (2)� �� �


"#�d� õ
� 1/(−ri,o)� �
�d� õ
� 1/Ci,o�� ��� �

 	�%.

(2)

� (2)� �F �XM�� ��( �
 ��� �� ��� ��(¹

Óö	%. ��� "#|� 50 cm2� 100 cm2� �� −1/ri,o� 1/Ci,o�

�� <÷À� ±�V(r2=0.9695)Q ��� øù ��� Óöã� £

�-ú e³�Z, ±�� yû Âü& 
ý
��Ð 6	�%. à&�

�� ��"#|�� 50 cm2� 100 cm2� ��( ïï ki,L-HyQ

1.8999µmol · min−1& 3.9780µmol · min−1�³;, kiyQ 0.0783µmol−1&

0.0373µmol−1�³%. ��� "#|�� þ ÿ R7Ù Û ki,L-HyQ 1

� þ ÿ R7	; òË'
 kiyQ 1/2ÿ� xÈ	� à&� í�%.

��� à&� Langford <��( í;� � >
7 xÈÙ ²â òË

ri–
dCi

dt
--------–

ki L H–, K iCi

1 K iCi+
-------------------------= =

1
ri o,–

---------- 1
ki L H–,

-------------- 1
ki L H–, K i

-------------------- 1
Ci o,

-------- 
 +=

Fig. 1. Summarized result of CH3CHO degradation with the formation
of CO2.

Fig. 2. Dependence of the initial rate on the equilibrium concentration
(Ceq).
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 y� R7	� 56à&� ��� $� ��� ¾��Z, �� �

� �£� ¡Ø� wa 9� $%[23]. "#� a � ,�w¢ Á�

°�(� "# ©��� �	� �Q à&� �� � (1)� ��	�

�º	| �d� -» t� ã
� �Ó� 
 $%. � (3)� �� ©�

�. y� �
�d� ,�& |�� ,�� à&� F�ã� Fig. 3&

Fig. 4� ïï �Ó°³%.

(3)

Fig. 5� OF� |�, }~´, <i; �
�d�( �� >
� R7

Ù Û� "#�d� ô��%. a . }~´& �
�d� �` :�

�dÄ�� �´(Φ)� �		� R7	%7 < �'�(� 0
ù� �

		_ R7�%[24-26]. ��Q �´� ���_ ì=�| ÖD/���

� «àX �d7 �|�( òË. M��� ÖDÖ� �dí% ë�


 Ûc�Z, �� ù¬�� ��
"#�(� �� 0�[��� Ñ 

�%.

Fig. 6Q %� }~|��( wa�� �� >
� �� 1ê �d'


(k, min−1)y� ô��%. xûQ �� >
� �� flux��� ���%. O

F |��( �´� R7Ù
Ú �d'
7 R7	% W��;, |��

R7Ù
Ú OF flux�( �d'
7 �Q �� à&� F�	� ]'

�%. <�� <� °� ,�y �� �D� }~|�� wa. �� �

´��(photon flow=photon flux½}~|�), :� �õ� photon flow

�(� }~|�� Ñ=d R7. photon flux� �	� PQ �d'


y� 7�� £�Ù 
 $%. ��� "#|�� 50 cm2�; �� >


7 5 mW/cm2F ²â�, 100 cm2� 2.5 mW/cm2F ²â 250 mW� O

F� photon flow(Fig. 6 ��J �w)� �Ó°�¹. ïï� pseudo-first

order constant� 0.1131 min−1, 0.07 min−1 �³%. ��� à&� � Û, �

� >
� R7	��¹, "#|�� ÑQ 50 cm2�( ¤ �Q ���

��V�� @ 
 $%. z 56� ,� w¢�(� � �õ� 200-350

mW� æ�Ù 
 $�Z, ��� à&� ���4& photon flux»�

Ì�� '���7 �«ã� ���%. <��� }~­(° , {¾­

k) "#
 ¡�� ²â "#
 �h� R7� WU	� }~|�� R

7í% �¬& }~| a�� �� wÂ� í% â!� "#�d� �

� 
 $%.

=>?@ABC� �
�d� 25.71µmol(1,000 ppmv), 38.57µmol

(1,500 ppmv), 51.53µmol(2,000 ppmv)& �� %g_ 	; ��� "

#|�� 25 cm2� ��� "#� 	�� Û "#�d� õ
(−1/rA)�

Cio

Ci

-------ln kL H– K i Cio Ci–( )+ kL H– t=

Fig. 3. Comparison between measured and modeled concentration with
different initial concentration(100 cm2, E.D=experimental data,
M.D=modeled data).

Fig. 4. Comparison between measured and modeled concentration with
various coated area(E.D=experimental data, M.D=modeled data).

Fig. 5. The effect of light intensity on the rate(100 cm2, 0.15 g, 1,500 ppmv).

Fig. 6. Effect of the photon flow on the rate constant.
���� �40� �5� 2002� 10�



���� ����	
� �
� Kinetics 627

K.:

sby,

rs,

of

ions),

es
"#M�� Ö"�� ã
� �Ó°|, �
 �d� 80% 01� ��

−1/rAyQ 7.6169, 7.1833, 6.8013 min ·µmol−1� ê�7 1� #� à

&� �³�A, �� �Q à&� $[� "#
 �h �!�( �h ô

�� % �r� e� ¥_ .%. <�� Fig. 7�(� �� ��� "#

|�� 25 cm2, 50 cm2, 100 cm2� %g_ 	� 
®� ��� "#�

��(� −1/rAyQ ïï 7.6169, 2.8640, 1.2894µmol−1� "#|��

25cm2& 100 cm2� ²â |�Q & ÿ '�¹, −1/rAyQ o 1/7� xÈã�

£�	�%. � à&� OF� photon flux�( }~|� R7� "#


 �h� xÈ-Þ�A % �r� ( 
 $*� �Óä%.

4. � �

��� "#�(� �� >
� "#|�� 9[�D� Ñ 	Z, "

#
 ¡�� $:( "#|�& �� >
� �	� Ì�� w¢� �

«ã� £�	�%. OF� �¬ a � ²â �¬&� 1i wÂ� �

� >
� R7-ú "#�d R7� d©Ù 
 $: ²0� "#
 ¡

�� �é�� Ñ 	i` an.%. 

�
��

r : reaction rate [µmol · min−1]

k : rate constant(1st) [min−1]

k,L-H : rate constant(L-H) [µmol · min−1]

K : adsorption constant(L-H) [µmol−1]

C : reactant concentration [µmol]

Φ : light intensity(= photon flux) [mW/cm2]

photon flow : (=photon flux½coated area) [mW]
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