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Photocatalytic Degradation of Ethylene over Titania based Photocatalysts

LIN Lam yu1 2 HU Chun'® , WANG Zhen-yu1 , HAO Zheng ping1

(1. Recearch Center for Eco Environmental Sciences ,CAS ,Beijing 100085 ,China ; 2. Chinese University of Mining and Technology ,
Beijing 100083 ,China)

Abstract : The photocatalytic degradation of ethylene over titania based photocatalysts was studied under a norr circulating syste m using
visible or near- UV light. The roles of the reaction te mperature and the inlet concentration of ethylene and the influence of different
light source were investigated. Then the efficiency of noble metals- doped photocatalyst was compared with that of the bare one. The
experiment results indicated that when the inlet concentration was in range of 38 ~188 mg/ m® the photo degradation efficiency of the
bare photocatalyst dropped linearly and very slowly with the increase of inlet concentration of ethylene ; the degradation efficiency in-
creased as raising the reaction te mperature ;noble metals not only decreased the recombination of electrom hole pairs, but also increased
the absorption for visible light , leading to the photocatalytic efficiency in several-tens times higher in visible light .

Key words :titania- based photocatalysts ;noble metals ;photocatalytic degradation ;air purification

, TiO, , 385 nm
2 - - b 1
. , 1.1
TiO, , TiO,/ ;
100 ~ 200 s TiO,
Ag .Pd.Au Pt
[1] [2] 1.2
[3.4] [5] TiO, 1
Pt .Pd 3 ’
. 2
TiO, ,
:2003-10-16 ; 12003-12-24
: (863 )
L6~-121 (2002 AA649040) ; (20377050 ,

2007004)
N : (1974 ~) , s



106

25

—

RER R

—

E E VENT

J X =@ = 3E K
R B o GC-FID
COMPUTER
OUTPUT

1
Fig.1  Gas phase reactor system used for photocatalytic
degradation of ethylene
( 50 mL/ min) .
; 2 O
( 420 nm) , s
4 cm
: ;@
( 365 nm) ,4 4 W
4 cm ,
d.5¢g
GC( GC112 A/ FID) .
1.3
GC/ FID s
, 1 mL. Poapak
Q3 mmx2m, (N) 0.2 Mka, 40
C, 100 C, 2.1 min.
1 TiO,/
2
2 , 38 ~ 188 mg/ m’

2.2

365 nm)
, T10,/ )

2.3

24

IR %

Fig .2

30

25

y=-0.0572x + 28.582
R?=0.9858

0 | | 1 |
0 40 80 120 160

ZIERH IR /mg-m3

200

2
The effect of the concentration of ethylene on the

degradation efficiency by TiO,/ Silica gel

TiO,/

( 420 nm) (
TiO,/

23.5%;
8.7%.
, TiO,/

385 nm ,

TiO,/
, 3
1333 K,363 K,403 K TiOy/
, 3

TiO,/



107

12
°l /
X 8
ke
6 —
p4
%
N 4r y=0.0299x - 1.2072
R%2=0.997
2 —
0 L L L !
320 340 360 380 400 420
T/K

3
Fig.3  The effect of the reaction te mperature on the

degradation efficiency by TiO,/ Silica gel

1
4( ) , TiO,/

0 1 T
200 400 600 800

Abs
>
)

T

1.1.0%

2.0.75%
04| 3.05%
4.0.25%
0.2 |- 5.blank
0 I I
200 400 600 800
Wavelength/nm
a.Pt,Pd Tio,/ b.
( ) Au TiO,/
4 UVvis

Fig.4 UWV-vis diffuse reflectance of different photocatalysis[ a . Pt

/ Pdnanoparticle b .different contents( weight) Auw nanoparticle ]

4(b) ;

TiO,/

2.4.2

100

80 -

40 |

ol

blank Au(0.5) Pt(0.25) Pd(1.5)
B AT —

IR %

100

60 -

20 H
oLl 1. ‘ .

blank Au(0.5) Pt(0.25) Pd(1.5)

IR %

( )
Fig.5 Comparison of degradation efficiency of different

photocatalysis on ethylene

5 , ,TiOy/
TiO,/
13.0%~29.3 % :

TiO,/

TiO,/
,Pt/ TiOy/

100.0 % ,Pd/ TiOy/ 93.7 %
,Au/ TiO,/ 25.8 % . TiOy/

8.7%.

(1) ;



108

25

[2]

(2) , TiO,/
TiO,/

, A TiO,/

25.8 %, Pt- TiO,/

93.7 % ,Pd TiO,/

100.0 % . )

Ishitani O, Inoue C, Suzuk Y, Ibusuki T. Photocatalytic Re-
duction of Carbon Dioxide to Methane and Acetic Acid by an
Aqueous Suspension of Metal Deposited TiO, [ J]. J. Pho
toche m . Photobiol . A.Chem.,1993,72:269 ~ 271 .

Kennedy J C,Datye A K. Photothermal Heterogeneous Oxida-
tion of Ethanol over Pt/ TiO,[ J]. J. Catal.,1998 ,179:375 ~
389.

Liu Y C,Griffin G L,Chan S S, Wachs I E. Photo Oxidation of
Methanol Using MoO,;/ TiO, : Catalyst Structure and Rreaction
Selectivity[ J]. J.Catal., 1985 ,94:108 ~119 .

Serpone N, Maruthamuthu P, Pichat P, Pelizzeti E, Hidaka H.
Exploiting the Interparticle Electron Transfer Process in the
Photocatalysed Oxidation of Phenol, 2- Chlorophenol and Pen-
tachlorophenol : Che mical Evidence for Electron and Hole Trans-

fer between Coupled Se miconductors[ J]. J.Photochem .Photo

[1o]

(1]

[12]

biol . A.Chem . 1995 ,85:247 ~ 255 .
Lee W, Do Y R, Dwight K, Wold A. The Effect of WO; on
the Photocatalytic Activity of TiO,[ J]. J.Solid State Chem .,
1994 ,108:198 ~ 201 .

Zorn M E, Tompkins D T, Zeltner W A, Anderson M A.
Catalytic and Photocatalytic Oxidation of Ethylene on Titania
Based Thim Films[ J]. Environ.Sci. Technol . ,2000 ,34 :5206 ~
5210.

Fu X Z,Clark L A,Yang Q, Anderson M A. Enhanced Photo-
catalytic Performance of Titania Based Binary Metal Oxides :
TiO,/Si0O, and TiO,/ ZrO,[ J]. Environ. Sci. Technol.,1996,
30:647 ~ 653 .

Fu X Z,Clark L A,Zeltner W A,Anderson M A. Effects of Re-
action Te mperature and Water Vapor Content on the Heteroge-
neous Photocatalytic Oxidation of Ethylene[ J]. J.Photobiol . A,
1996 ,97 :181 ~186.

Yamazaki S, Yanaka S, Tsukamoto H. Kinetic Studies of Oxida-
tion of Ethylene over a TiO, Photocatalyst[ J]. J.Photochem .
Photobiol . A.,1999 ,121:55 ~ 61 .

Sirisuk A, Hill C G, Anderson M A. Photocatalytic Degradation
of Ethylene over Thin Films of Titania Supported on Glass Rings
[J]. Catal.Today,1999 ,54:159 ~164.

Park D R, Zhang J L, Tkeue K, Yamashita H, Anpo M. Photo-
catalytic Oxidation of Ethylene to CO, and H,O on Ultrafine
Powdered TiO, Photocatalysts in the Presence of O, and H,0
[J].J.Catal.,1999,185:114 ~119 .

Obee Y N, Hay S O. Effects of Moisture and Te mperature on
the Photooxidation of Ethylene on Titania[ J]. Environ. Sci.
Technol . ,1997 ,31:2034 ~ 2038 .





