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Abstact — In this study, the photocatalytic reactor system equipped with photocatalyst-carrying-silica-media cartridges
[photocatalytic reactor system (1)] was used to perform the treatment of waste air containing malodor and volatile
organic compound (VOC). The result of its performance was evaluated and compared with that of the photocatalytic
reactor system equipped with commercial photocatalyst-carrying-nonwoven filter-media cartridges [photocatalytic reac-
tor system (2)]. In case of photocatalytic reactor system (1), at the 1st stage of run the removal efficiencies of ethanol
and toluene continued to be 80% and 20%, respectively. However, unlike toluene, the removal efficiency of ethanol
dropped to 40% at the end of the 1st stage of run. The removal efficiency of hydrogen sulfide decreased from 100% to
90%. At the 2nd stage of its run the removal efficiency of ethanol decreased to 10% while the removal efficiencies of
hydrogen sulfide and toluene remained as same as 90% and 20%, respectively, even though the inlet load of toluene
increased by factor of four. In the 3rd stage of its run, as the result of application of aluminium-coated reflector film to
the inner wall of photocatalytic reactor system, the removal efficiencies of ethanol and toluene increased by 5% to be
15% and 25%, respectively. In case of photocatalytic reactor system (2), at the 1st stage of its run, the removal efficien-
cies of ethanol, hydrogen sulfide and toluene continued to be 10%, 97% and 100%, respectively. However, at 2nd stage
of its run their removal efficiencies became 5%, 95% and 2~3%, respectively, which showed that the removal efficien-
cies of ethanol and hydrogen sulfide decreased insignificantly while the removal efficiency of toluene dropped signifi-
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cantly from the perfect elimination. Moreover, the reflector film did not affect the performance of photocatalytic reactor
system (2) at all. Therefore the removal of ethanol, hydrogen sulfide and toluene by photocatalytic reactor system (2)
was mainly attributed to hydrophobic adsorption of its nonwoven filter media and its extent of photocatalytic removal
turned out to be negligible, compared to that of photocatalytic reactor system (1).
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Fig. 1. Schematic diagram of photocatalytic reactor system (1) and
(2): a. photocatalyst-carrying-media[porous silica-based carrier
and porous non-woven fabric filter media for photocatalytic
reactor system (1) and (2), respectively]; b. UV source; c. a
set of photocatalyst catridges.
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Fig. 2. Schematic diagram of UV/photo-catalytic reactor system fed with synthetic contaminated air containing ethanol, hydrogen sulfide and tol-
uene.
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Fig. 3. XRD analysis of TiO, photocatalyst obtained by calcination
of P&T-31C at 450 °C [Nanopac].
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Table 1. Characteristics of porous silica-based carrier

N Description Unit Specification
AAAFE FERE (R, PET310)9] 49 - XRD 24 SffEle BET Surface Arca g 114
Fig. 37} 3¥o] Al anatase 2] ¥|AE Holal St} ¥-d Pore Volume ml/g 1.01
Fuuks7] AlAE(1)9] FEuEA] JERX] ¢ FHEE vaAd Bulk Density g/ml 0.42
Sio, FzujdA o) thsl EAJL Table 13} Zt}. Average Pore Diameter nm 28.7
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Table 2. Operating conditions of photocatalytic reactor

Pollutants in Feed concentration (stage) .
X T Air flow rate
waste air 1 II it
Ethanol 50 ppm 50 ppm 50 ppm
H,S 10 ppm 10 ppm 10 ppm 2 L/min
Toluene 50 ppm 200 ppm 200 ppm

*Aluminium-coated film reflector was attached to the inner support-surface
of photocatalytic reactor system (1) and (2).
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Fig. 4. XRD analysis of TiO, photocatalyst obtained by calcination
of P&T-31C at 450 °C [29].

o100 (1)
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Removal efficiency (%) =

where C; and C, denote the concentrations of ethanol, toluene or
hydrogen sulfide of fed waste air and treated waste air, respectively.
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Fig. 5. (a) TiO, particle, (b) Raw surface of porous silica-based media, (c) Surface of porous silica-based media impregnated with titanium-
alkoxide sol and calcined, observed by field emission scanning electron microscope (Hitachi, S-4300) [29].
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Table 3. Characteristics of porous non-woven fabric filter media

Description Unit Specification
BET Surface Area m*/g 210
Pore Volume ml/g 1.9
Average Pore Diameter nm 3.6

32, LEOEEST| AIARI(D) H 22 2HEY

3-2-1. FFekE7] AR (1) 254

FEES7) Al Ele] T EE 37 2 Umino |32 19| &
oMz ollgke, &3kra 9 574 55 22 50, 10 2 50
ppmvE FAISFL; 26k A] A ex= 242 50, 10 2 200 ppmviE
FABIATE, FEuEE7] Algle)] AR E= v Sio, FE)
A FFE )] (140 mmx=150 mmx*30 mm)2] $HAZE 210 em?o| )
webA 5719 A S5 (approach velocity)T 0.159 cm/s o]
FEEA FIEZA] U2 3% A5A1 Hempty bed contact timey>
18.9 sO13UT}. & FFuRES 7] Al Elol| X B set & F51)
G FIEZR] 27) Afolell 4w UV 2707} 714 o] 5 sz} &
Ao Atz XA o] gt FFuFEZA] set 37171 422
by AnAor A FHEA] e/l7F 2= AT ek
% AFAIZHempty bed contact timey> 113.4 sO]St}. o]9} 2
FEZAREET] A|SELE 8te] AlRtel] e olghe, Selra
EF<e] E7lx 2 MEEsx FH AARES 217 Fig. 6
ig. 70 YFERASITE. A5 A JRAl = 1A 3 =t
Fao] xahgel mhEbA oeked EF4l2 AAE0] wEste]
ehe ol B4l 247 AAE 80% B 20% #he A% A15HA
o}, 23 e A AE 80%E XIS A HoAA 1%k
Al 4 Eoll= AAE 40% kS BTk 3840 AAES 100
oA 90%= a3ttt 29 A oM e EFA FYFE #hol
200 ppmvE FA3] F7REIFNorE EF AAGES =50

Ak, I Foll 7hkE S Holn] AAEEC] T 20%
e BT oehE&S- A7 8] oK FhAste] 2wk A FEellA
= AAE °F 10% ks BSATh gh S8lkra AAES 90% sk
FABIATE. 3AlA SFulE IRE A ES BNk

2 X toyd o o
oy

250 : }
——@—— Ethanol Feed | D%' | =)
-------- v Ethanol out I =V ‘ %m@?
——-@-—— Toluene Feed I H_-{% B }Tﬁ
200 {| ———  Toluene out % I
. ——a——  H,SFeed I !
=S | Ao H,S out [ %ﬁ@%@@
I
g 2 RES |
= 150 ! '
k=]
IS
<
8 100
c
o
(@]
50
0

Time (hr)

Fig. 6. Unsteady concentration profile of waste-air containing etha-
nol, hydrogen sulfide and toluene, treated with three set of
photocatalyst cartridges charged with porous SiO, media
containing photocatalyst.
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Fig. 7. Unsteady removal efficiency profile of waste-air containing
ethanol, hydrogen sulfide and toluene, treated by three set
of photocatalyst cartridges charged with porous SiO, media
containing photocatalyst.
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