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ABSTRACT : Toxic and recalcitrant organic pollutants in wastewaters can be effectively treated when advanced oxidation and
biodegradation are combined, ideally with intimate coupling, in which both processes occur simultaneously in the same system. One
means to achieve intimate coupling is to coat nanoscale TiO; on the outside of macroporous biofilm carriers. This study investigated
the kinetics of photocatalysis with TiO-coated porous carriers. The carriers were made of polyvinyl alcohol (PVA) and coated with
TiO; using a low-temperature sol-gel process. The TiOz-coated carriers catalyzed the oxidation of methylene blue (MB) effectively
under irradiation of UV light. The overall reaction rate with adsorption and photolysis saturated at high MB concentration, and
approached the adsorption rate, which was first order for all MB concent rations. This result indicates that adsorbed MB may have
slowed photocatalysis by blocking active sites for photocatalysis. The overall kinetics could be described by a quasi-Langmuir
model. The estimated maximum specific (per unit mass of TiO,) transformation rate of MB by the TiO,-coated carriers was four
times larger than that obtained from slurry-TiO, reactors. This observation demonstrated that the TiO, present as a coating on the
carriers maintained high efficiency for transforming recalcitrant organic matter via photocatalysis. These findings serve as a
foundation for advancement of an intimate coupling of photocatalysis to biodegradation.

Key words : Quasi-Langmuir model, Photocatalysis, Intimate coupling, Recalcitrant organics, Macroporous carrier, Low-
temperature sol-gel method, Titanium dioxide
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Fig. 1. Porous carriers before and after being coated by

TiO2 (a) and experimental set up of photocatalytic
batch reactors for methylene blue tests (b).
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Fig. 2. Methylene blue test with and without UV light at
various initial concentrations. Lines are fitting to data
with the linear model.

3. Ant & nE
3.1. Ct3A TiO2 =2l Methylene blue |74
FHIE TiOp FAHIE o83t et 27] MB skollA ¢
FEujuk-g- Ay A9E Fig, 2a0 Yerfdg E3F UVE
kgt Aol A 9] 42383t TiO, T2l MB S2H1% 2=
Fig. 2boll Uehqlch, A4 2 52 APrds o83t
of HloJefe] fitting g+ Ao},
& XA A9(Fig. 2a)7F 194 92 Z-(Fig. 2b)
Ko} 7} 271524 o ﬂ“}% 11171 78‘50 Kol FEuf 4k}

'Hr‘
YEu g Agude ekt

100
Ex e Caw W Raw
. ' oM 0
5 = M 170
= y e
ff—_ 1 ') 4]
£
= =0
k-]
3
%
; 25 4
o
L
0 . A 5
0 15 30 45 a0

Elspssd Time (min)

a) Initial rate of overall reactions

-
] -
E
=
-
S 24
= .
= B Mode
&= 14
< -
[
0 20 40 &0 a0 W00

Cancantration (M)
b) Parameter estimation

Fig. 3. Parameter estimation for the quasi—Langmuir model
using initial MB concentrations and relevant initial
reaction rates.
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Fig. 4. Photocatalytic degradation rate of methylene blue in
slurry=TiO2 reactors at various methylene blue
concentrations (Symbols: experiment, Lines: quasi—
Langmuir model).
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Table 1. Parameter estimation for photocatalysis with
macroporous carriers at various initial methylene
blue concentrations

Linear model

conclgglt?elat?g? () Koverall (Min=1) | Kadsorption (Min~1) | Kphotocatalysis® (min~1)
12.5 0.2087 0.0285 0.1802
25 0.1223 0.0278 0.0945
50 0.0932 0.0266 0.0666
100 0.0351 0.0281 0.0070

Quasi—Langmuir model

conclgglt?zlat:\gi (M) Roveral”  (/min) @ (M ~)
12.5 0.90
25 1.70
50 309 6.846 0.014
100 3.93

* Kphotocatalysis = Koverall — kadsorption,

** Roveral = A[MB]/ At near t=0, estimated from Fig. 3a

Table 2. Residual sum of squares (RSS) calculated from
predictions by the linear model and quasi—Langmuir

model
initial MB Reaction ratg, R (M/min) RSS of RSS .Of
) ) quasi— ) quasi—
concentration | Linear . . Linear X
Langmuir | Experiment3 Langmuir
(uM) —model’ model2

model2 modelb

12.5 2.6 1.0 0.9 2.9 0.014
25 3.1 1.8 1.7 1.8 0.006
50 4.7 2.8 3.1 2.5 0.073
100 3.5 4.0 3.9 0.2 0.004
RSS* 7.4 0.097

*RSS= residual sum of squares, X (Rexperiment _Rmode\)z, 1:
kovera\IX[MB] 20 kX 0X[MB]O/(1+ G>2<[MB] ) 3 Roveral
from Table 1, a:(Rs— R1)? , b:(Rs—R2)
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