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The Photocatalytic oxidation of Chlorophenol in
the wastewater using TiO--Coated SiO; and ALO; beads

cooobooooooooobooobo bcooooooooo O o 0O

0 O Introduction

Heterogeneous photocatalysis has proven to be
a promising method for the elimination of toxic and
bio-resistant organic compounds from wastewater
by transforming them into innocuous matters, such
as carbon dioxide, water, and mineral ions. The ba-
sic mechanism of the photocatalytic reaction is
shown in the Fig.1.

Inner Recombination

Trepging H,O/OH

Figll.The mechanism of photocatalytic reaction in the
semiconductor

In the reaction, hydroxyl radicals (OHJ) are
generated by oxidation of adsorbed OH™ or H.O
molecules on a semiconductor surface while it is ir-
radated with light of an energy greater than its band
gap. The OH radicals are extremely powerful oxi-
dants, being able to degrade a great variety of or-
ganic compounds.

Chlorophenols (CPs) are often found in landfill
leachates, surface water and industrial wastewaters.
Some of them, have been listed among the 65 prior-
ity pollutants by the US EPA and were suspected to

be endocrine disruptors.

In the present work, we aimed to synthesize
TiQ, -coated SiQ, and ALLQ, beads at first. Then a
laboratory scale fluidized bed reactor was used to
evaluate the activity of two types of TiO:.-coated
beads for the decomposition of 2 chlorophenol (2-
CP) in agueous solution under UV irradiation.

O O Material and methods

Silica and alumina beads, 2-4 mm in diameter
were impregnated with a mixture of titanium tetrai-
sopropoxide and isopropanol (molar ratio:1:1) and
left overnight. After hydrolysis of titanium tetraiso-
propoxide in humidified air, the treated beads were
calcined for 2 h at 773 K. Thus, SIO; /TiO, and Al
O, /TiO; catalyst were obtained.

Fig.2.Lab-scale photocatalytic fluidized bed reactor

Fig.2 shows the photo of lab-scale fluidized ex-
perimental apparatus 20 g catalyst beads were filled
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into a glass column with dimensions of 9cm i.d.
and 22 cm height. 800 ml of test solution, with an
initial 2-CP concentration of about 50, 40 and 30
ppm, was filled in the reactor at room temperature
and pH 7.0, respectively. The solution was circu-
lated continuously with a air pump at a flow rate of
8 L/min. The light source, located in centre of the
reactor, was furnished with 254 nm UVC Lamp
(National GL 13/Q, 13 W intensity: 6-8 mW/cnt).
Products were analyzed by ion chromatography (Di-
onex; Model DX-120) and TOC analyzer (Shi-
madzu; Model TOC 5000 A). Analyses of 2-CP,
were carried out by using HPLC (Alliance, Model
Wrs 2690) with a detector of mass spectrometer.

0 O Results and discussions

Table 1 summarized the physical property of
SIO/TIO; and ALOJ/TIO, catalyst using in the ex-
periment. Though the ALQ/TiO; beads exhibited
relatively high surface areas with respect to SiQ./
TiO, ones, it was clear that the latter have a more
high pore volume and immobilized more TiO. than
the former.

Table 1 The physical property of the experimental catalyst
PoreVolume  TiQ

Seer Poresize

(mlg  (A) (mlig) (wt%)
SO/TiO, 119 310 099 205
ALO/TIO, 340 38 056 136

Fig.3 and 4 show the degradation profiles for 2-

CP at different initial concentration, respectively,

with two type of photocatalytic beads. More than

95% of 2-CP was removed from the solution due to

the photocatalytic oxidation after 4 hr from the start
of thereaction.

@D
o

N W A O
o O O O

Conc. of 2-CP (ppm)

=
o

o

o
=
N
w
I

time(h)

Fig.3.The diagram of the degradation of 2-CP at different
initial concentration using SiO-/TiO; beads.

60
£ 50 X ——50ppm
Est_’ 40 —=—40ppm
R —&—30ppm
— A
o
% 20 -
St

O 1 1
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time(h)
Fig.4.The diagram of the degradation of 2-CP at different
initial concentration using ALO-/TiO, beads.

Most of the heterogeneous photocatalytic deg-
radation reactions follow Langmuir-Hinshelwood
(LH) kinetics:

dCy_ kiKG
dt ~ 1+KC,

where r; is the initial rate and G is the initia
concentration. To determine the LH parameters, the
initial rates at various initial concentrations were to
be determined by a nearly linear plot of r with G
The degradation coefficients, could be directly ob-
tained from the linearly regressed line. The calcu-
lated result was shown in Table.2.This data indicated
that the degradation rate of 2-CP using SIQ./TiO;
beads was higher than that using AlQ./TiQ; beads.

Table 2 The kinetic parameters of experimental catalyst

SQOJ/TIO ALQJ/TIO,
K: (mmol/LO h) 0.22 0.16
K (L/mmol) 7.2 10.1

A postulated reaction pathways is described in
Fig.5. It shows that the degradation proceeds

M —



through a stepwise formation of intermediates. The
catechol, and pyrogallol are the products of the in-
itial stages of the degradation. These aromatic inter-
mediates undergo further photocatalytic oxidation to
ring cleavage to yield carboxylic acids and alde-
hydes, which give CO, and H-O due to decorboxyla
tion.

OH on
OH ©/ OH
OH —>ROF
cl
OH
OH
FigI CA postulated degradation pathway.

0 O The next plan

The intermediates formed during the degrada-
tion process will be analyzed in the next step. The
other kind of chlorophenol will be used as photo-
catalystic degradation objective. A Pilot photocata-
lytic fluidized reactor has aready been designed and
will be used to eliminate the toxic matters in red
landfill leachate.

0 O Reference

K. Nakano, E. Obuchi et a, Photocatalytic
treatment of water containing dinitrophenol and city
water over TiQJ/SIO,, Separation and Purification
Technology 34 (2004), 67-72.
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