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Photocatalytic Degradation of Low Level Formaldehyde on TiOQ, Porous Film
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(1. Research Center of the Ministry of Education for High Gravity Engineering and Technology , Beijing University of Che mical Tech-
nology , Beijing 100029, China; 2. Beijing Sokang Nano Technology Co. Ltd, Beijing 100081 , China)

Abstract :Photocatalytic degradation of low level formaldehyde in the gas phase was studied in a intermittent recirculation photo
catalytic reaction system with TiO, porous film photocatalyst coated on stainless steel mesh. The effects of carrier of the photocata-
lyst, coating cycle of the photocatalyst , the initial concentration of formaldehyde and the illumination source were investigated respec-
tively . The study of the aging stability of the photocatalyst was carried out as well . Results show that the degradation efficiency of
formaldehyde increased with the increase of mesh number. The degradation efficiency also increased with the increase of carrier num-
ber, but the influence of carrier number on the degradation efficiexcy was gradually weakened with increasing carrier number. The ac-
tivity of the photocatalyst firstly increased and then decreased when coating cycle increased from 1 cycle to 6 cycles. When initial con-
centration was in the range of 1.34 ~10.72 mg/ m’, the change of formaldehyde concentration markedly increased with the increase
of initial concentration, but the degradation efficiency increased and subsequently decreased with increasing initial concentration. The
degradation efficiency with germicidal light was approximately 19.0 % higher than that with black light holding same power, and the
enhance ment in light intensity could approximately increase the degradation efficiency by 20.5 % . Finally, the experiment on the
longevity of the photocatalyst indicated that the photocatalyst had the good photocatalytic activity after being used for 4 cycles .

Key words : TiO, porous film ; photocatalytic degradation ; formaldehyde ; volatile organic compounds ; air purification

ican Society of Heating, Refrigerating, and Air Con-

R ditioning Engineers)
( Volatile Organic Compounds, 21,
VOCs) . ( ),
. . N ,
[
[2~5]
. :2004-07-17 5 :2004-09-20
: (' HO10410060111)
) (1979~ ), , ,
[6~11] TiO,

s ASHRAE( Amer- *



36 26

1.3
(1)
TiO,
1
1.1 TiOo, >
TiO, -
TlOZ s > > >
s 1:8, )
) 2h, 5 )
30 min, S (2)
, 120°C s >
10 min , 450 C lh, > > >
TiO, . 1.4
1.2 e
INTERSCAN 4160
3 R 1 >
s 1m®. >
s 300cm
( b 2
254nm 11 W ),
( ; ,
60 4 ), . , 240 min
3.5¢m, 5.0%,
2.1
1
s A ’
@ 9 2.1. 1
s
C\ oM IE
N °° 2 2 ,
LA 2. AR BARSE 3. AN 22 W Lk e 465 s 10 62.3 %
4. RAMT 5. MR BITHRAE 6. FBIRE 7. X4 8. WD
9. A {X 60 86.8 %, 80
, 60 S
! : 10 .18 40 60
Fig.1  The sketch map of intermittent recirculation
80 R 0. 19g .

photocatalytic reaction syste m

0.24¢g 0.31g 0.35¢ 0.36g. s



37

4
2 B TiOZ B
Tio, ; ,
’ 2
P 1.0
0.9
b
0.8
0.7
, , 60 0.6
s \2 0.5
04
0.3
100 " . 02 -
co=2.68mg/m3, Y6 HE it 18] 7~240min €p=2.68mg/m’
I 0.1 |
80 -
0 | | 1 I
® 60 0 50 100 150 200 250
5 1) /min
¥ L
& 40
3
20 |- . . .
Fig .3  The effect of stainless steel carrier number on
the photocatalytic degradation of formaldehyde
10x2 18x2 402 60x2 80x2
“ZPHEH 100 0.6
—=— FRER
os | —— UMBRAE |
2 Do
o)
Fig.2 The effect of stainless steel mesh number on the 90 L do4 "’E
degradation efficiency of formaldehyde i E"
2.1.2 T 19 %
o =S
%
5 80 - 102 %
3 1 1
( 75 |- o1 ¥
1 2 2 1 cy=2.68mg/m3 AT 6] 1=240min
70 I I I I 0
3 2 1 2 ,4 0 1 2 3 4 5
) ) ) 3 24 P SR 1%
> , 240 min 4
Fig .4  Variation of the degradation efficiency of formaldehyde
, and the degradation load of stainless steel mesh under
[ , the different stainless steel carrier number
3
,mg/(m *h)] >
4 2
b
4 ) , 2.2
5 R 4
9 9
5 4 ,

,TiO,



38

9T102 H
TiO, >
TiO, s TiO,
[14,15] Tio,
, TiO, )

¢o=2.68mg/m3

cley

0 50 100 150 200 250
Je R ] /min

Fig. 5 The effect of coating cycle on the photocatalytic

degradation of formaldehyde

2.3

240 min

2.68mg/ m’

, TiO,

R REHR M /mg-m?

-8 ¢, = 1.34mg/m?
—8— ¢ = 2.68mg/m?
—A— ¢y = 5.36mg/m3
—¥— ¢, = 8.04mg/m3
—— ¢ = 10.72mg/m?

_
S = N W AU NN XD D =

0 50

6

1
100 150 200 250
JEHE ) /min

Fig .6  The effect of the initial concentration on the

photocatalytic degradation of formaldehyde

2.4
7
7 2
TW 11W,
20.5%.
7
254nm
365nm

254nm
365nm
254nm
,240 min
, 7W
R 19.0%.



1.0
—a— 11W, 254nm|
—®— 7W, 254nm (4) ,
0% A~ 7W, 365nm
>
0.6 -
s
K
04 -
0.2}  c=2.68mg/m3 (1] , , ,
[17]. ,2000 ,14(2) :38 ~ 42
00 510 1(1)0 15|0 260 250 [ 2] Hoffman M R, Martin S T, Choi W, Nahnemann D W. Envi-
SBE RS TE) /min ronmental applications of semiconductor photocatalysis [ J].

Chem .Rev.,1995,95(1) :69 ~96.
7 [ 31 HerrmannJ M. Heterogeneous Photocatalysis : fundamental and

Fig. 7 The effect of the illumination source on the application to the removal of various types of aqueous pollutants

photocatalytic degradation of formaldehyde [J]. Catal.Today,1999 ,53(1) :115 ~129 .
2.5 [ 4] HuC, Wang Y Z, Tang H X. Destruction of phenol aqueous so-
lution by photocatalysis on direct photolysis [ J]. Chemosphere ,
2000 ,41(8) :1205 ~1209 .
[ 5] Milis A, Le HS. An overview of se miconductor photocatalysis
[J]. J.Photochem.Photobio.A:Chem.,1997 ,108(1) :1 ~35.
[ 6 1 Einaga H, Futamura S, Ibusuki T. Heterogeneous photocatalyt-

240 min . ic oxidation of benzene , toluene , cyclohexene and cyclohexane in

humidified air: comparison of decomposition behavior on photoir
1.0

\
0.8 \
06 | \

04}

HEAN

0.0 L
0 200 400 600 800 1000 catalyst [ J]. Appl.Catal .B:Environ.,2002 ,35(4) :305 ~315.

radiated TiO, catalyst [ J]. Appl. Catal.B: Environ.,2002,38
(3) :215 ~225.

o -

\. \.
\_ \-\ [ 71 Vorontsov A V, Dubovitskaya V P. Selectivity of photocatalytic
\.\ i oxidation of gaseous ethanol over pure and modified TiO,[ J]. J.
% i
\

clco
"
P

Catal . ,2004 ,221(1) :102 ~109.
\ [ 8] Kim S B, Hong S C. Kinetic study of photocatalytic degradation

‘s

¢;=2.68mg/m? of volatile organic compounds in air using thin film TiO, photo
Il 1

eI [A) /min [ 9] Sano T, Negishi N, Uchino K, Tanaka J, Matsuzawa S,

Takeuchi K. Photocatalytic degradation of gaseous acetaldehyde

8 on TiO, with photodeposited metals and metal oxides [ J]. J.
Fig .8  The experiment on the aging stability of the photocatalyst Photoche m . Photobiol . A:Chem . ,2003 ,160(1 ~2) :93 ~ 98 .

8 , , [10] Amama P B, Itoh K, Murabayashi M. Photocatalytic degrada-
tion of trichloethylene in dry and humid at mospheres : role of gas-
80 % , 4 phase reactions [ J]. J. Mol .Catal . A:Chem.,2004 ,217(1 ~2) :

109 ~115.
[11] Shang J, Du Y, Xu Z. Photocatalytic oxidation of heptane in the
’ : gas-phase over TiO,[ J]. Che mosphere ,2002 ,46(1) :93 ~99 .
3 [12] Van Osdell D W. Evaluation of test methods for determining the
effectiveness and capacity of gas-phase air filtration equip ment of
(1) 2.68 mg/ m’ indoor air applications Part [ : literature review and test recom-
2 60 mendations [ J]. ASHRAE Transactions ,1994,100(2) :511 ~
523.
[13] . [ M].
2002.320 ~322.
(2) , [14] , . TiO,
s s [J]. ,1999 ,27(6) :769 ~ 774 .
[15] Negishi N, Takeuchi K. Structural changes of transparent TiO,
( 3) thin films with heat treatment [ J]. Mater.Lett.,1999 ,38(2) :
150 ~153.





