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Abstract—P25 powder embedded and TiO, immobilized on activated carbon (TiO,-P25/AC) was prepared by P25
powder modified sol-gel and dip-coated method. The photocatalysts were characterized by XRD, BET, SEM and their
photocatalytic activities were evaluated through phenol degradation in a fluidized bed photoreactor. The addition of
P25 in the photocatalysts could significantly enhance the photocatalytic activity, and the optimum loading of P25 was
3 g L. The operating parameter results indicated that the optimum pH for phenol degradation was 5.2; the effect of
air flow rate gave an optimal value of 2 L min™; the increasing of UV light intensity led to an increase of degradation
efficiency due to more photons absorbed on the surface of the photocatalyst. The kinetics of the phenol degradation
fitted well with the Langmuir-Hinshelwood kinetics model. Finally, the photocatalytic ability of TiO,-P25/AC was re-
duced only 10% after five cycles for phenol degradation.
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INTRODUCTION

Phenol and its derivatives are some of the most refractory pollut-
ants present in industrial wastewater such as in the petrochemical,
chemical, pharmaceutical, pesticide, plastic and paper industries.
Owing to their high toxicity and recalcitrant nature, they are the main
reasons why these pollutants not readily degradable [1]. The con-
ventional treatment methods such as biological oxidation, chemical
and physical-chemical treatments often have little degradation effect
on this kind of pollutant. On the contrary, heterogeneous photoca-
talysis utilizing TiO, have been proven to be effective for them. TiO,
is an inexpensive, non-toxic and biocompatible material that shows
high photoefficiency and activity. Recent reports indicate that simul-
taneous removal of numerous toxic organic pollutants in water and
air can be realized in TiO,-based photocatalytic reaction systems
[2-7]. Thus, it is undoubtedly of great interest that this method can
be applied on a large scale for water and wastewater treatment.

However, the application of fine TiO, powder is generally accom-
panied by complications arising from the need for separation of the
powder from the treated pollutants, which hinders their wide-scale
application in industry. Several efforts have been made to enhance
the separation performance of TiO, powder, such as immobilization
of TiO, powder onto various supports [8-11]. Nevertheless, simple
coating methods exhibit relatively low photocatalytic activity because
of their low TiO, dispersion and its contact with light, as well as
introducing a possible mass transfer limitation between the treated
pollutant and photocatalyst [12-14]. Escape of TiO, particle from
the supports has also been observed after a period of usage and not
suitable for recycling. Recently, several authors have employed com-
mercial TiO, powder (Degussa P25) embedded into titanium pre-
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cursor sol to form composite film to both maintain dispersion and
stable film because of their high purity, availability and relatively low
cost [15-18]. Moreover, titanium precursor sol could act as a binder
(matrix) around Degussa P25 to immobilize P25 particles on the
supports. The advantage of using this technique for the preparation
of TiO, films is that the high purity Degussa P25 powder can be
well immobilized by the presence of sol-gel derived TiO, matrix
[7].

So far, attempts to immobilize these composite films on supports
including glass beads, glass and stainless steels have been developed
for the photocatalytic degradation of organic pollutants [7,13,16,
18,19]. However, the activity for the degradation of organic pollut-
ants by other sorbents as supporter of photocatalyst still remains
unreported. These sorbents often used include silica gels, activated
carbon, zeolites, and clays. The sorbents are so selected that they
can be easily suspended by air bubbling or mechanical stirring. Among
these sorbents, activated carbon (AC) is an excellent alternative be-
cause of its high adsorption capacity and high specific area. Fur-
thermore, adding TiO, to AC could induce some beneficial effect
because of the highly adsorptive characteristic of AC with respect
to organic molecules and also resolve the problem of achieving opti-
mum adsorption strength of the adsorbed molecules on the adsorbent
to improve TiO, photocatalytic activity [20]. In fact, some authors
have also reported a synergistic effect for AC-supported TiO, sys-
tems of some organic pollutants in the photocatalytic process [21-24].

In the present work, TiO,-P25/AC photocatalyst was prepared
by the P25 powder modified sol-gel and dip-coated method. Their
photocatalytic activities were evaluated by degradation of phenol
in a fluidized bed photoreactor. The effects of operating parameters
on the photocatalytic activity of TiO,-P25/AC were investigated and
the kinetics of phenol degradation was also analyzed. In addition, a
recycling test was performed to examine the repeatability of the
photocatalyst.
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EXPERIMENTAL

1. Preparation of TiO,-P25/AC

The TiO,-P25/AC was prepared by the P25 powder modified sol-
gel and dip-coated method. The procedure for the preparation of P25
powder modified sol-gel was described by Balasubramanian et al.
[13]. Then, 2.0 g of AC with a particle size of 1.18-2.36 mm, pre-
washed with deionized water was added in the modified sol-gel. After
mixing and stabilization for 30 min, the photocatalysts were dried at
60 °C for 12 h in an oven. Subsequently, the photocatalysts were sub-
jected to heat treatment in a multi-segment programmable high tem-
perature furnace. The furnace temperature was incremented at a
ramp rate of 3.0 °C min™' until 100 °C, where it was held for 1 h. After
that, the temperature was increased at a ramp rate of 3.0 °C min™ to
the final temperature (400, 500, 600 and 700 °C) and held for another
1 h. Finally, the photocatalyst was cooled to 35 °C at a rate of 5°C
min'. All obtained TiO,-P25/AC photocatalysts were dip-coated twice.
2. Photocatalytic Degradation Experiment

The photocatalytic degradation of phenol solution was carried
out in a fluidized bed photoreactor (shown in Fig. 1). The photore-
actor was equipped with a quartz column of 600 mm height, 60 mm
external diameter and with a wall 0.5 mm thick that was used as
the main chamber for the photocatalytic processes. The phenol solu-
tions were illuminated by four 20 W germicidal UV lights (254 nm,
Sankyo Denki Co. Ltd.) placed around the quartz column to pro-
vide illumination for photocatalytic reaction. The intensity for each
UV light inside the quartz column at distance 55 mm away from
UV light, measured by radiometer (Cole Parmer, Series 9811) was
in the range of 210 to 236 uW cm . The total UV intensity was
921 UW cm™ by turning on all the UV lights. 1,400 mL of phenol
solution with the concentration (25 mg L™ to 130 mg L") and about
2.58 g TiO,-P25/AC (TiO,-P25 concentration of 0.41 g L") were
fed into the photoreactor column. The solution pH (2.0-12.0) was
adjusted by adding small amount of 1.0 M HCI or NaOH to the de-
sired value throughout the experiments. To maintain a fluidized con-
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Fig. 1. Fluidized bed photoreactor. (1) Air compressor; (2) air fil-
ter; (3) pressure gauge; (4) rotameter; (5) UV light; (6) pho-
tocatalytic reaction column and (7) thermocouple.
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dition, the air flow rate was adjusted to (0.5 L min™ to 3 L min™") by
rotameter (model 32464-12 from Cole-Parmer) and aerated from
the bottom through an air distributor. A mesh (size of 200 um) was
used with the air distributor to provide a uniform fluidization of the
photocatalyst. A thermocouple was placed inside the quartz glass
column of the fluidized bed photoreactor to monitor the tempera-
ture changes during the photocatalytic experiments. All experiments
were conducted in batch mode and reaction temperature of 30 °C.
3. Analytical Methods

At the given irradiation time intervals, the phenol solutions were
sampled. The collected samples were then filtered through a 0.45
um PTFE syringe filter prior to analysis for separation of the any
suspended solid. The clean transparent solution was analyzed by
high performance liquid chromatography (HPLC, Perkin Elmer Series
200) equipped with an isocratic gradient pump, a 20 uL injection
circuit and a variable wavelength UV detector. C/8 column (150
mm-lengthx4.6 mm-ID*5 pm-particle size) was used in the sam-
ple analysis with a mobile phase mixture of water 60% (v/v) and
acetonitrile 40% (v/v) at a flow rate of 1 mL min™". The wavelength
of the detector was set at 238 nm.

The prepared samples were characterized by measuring Brunauer-
Emmett-Teller (BET) surface area by nitrogen adsorption (Micromer-
itics ASAP 2020). Single point surface area was measured at P/P,=
0.3, and single point total pore volume of pores less than 67 nm dia-
meter at P/P,=0.97. X-ray diffraction (XRD) measurements of sam-
ples were carried out using a diffractometer PW 1820 system (Phil-
ips) with Cu K xirradiation (A4=0.15418 nm). The accelerating voltage
of 40 kV and an emission current of 30 mA at an angle of 26 from
20° to 70° were used. The surface morphology of prepared cata-
lysts was observed by scanning electron microscopy (SEM) S0VP
Field Emission (Leo Supra) at a voltage of 20 kV.

RESULTS AND DISCUSSION

1. Effect of Calcination Temperature on TiO,-P25/AC
According to literature reports, the photocatalytic activity of TiO,
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Fig. 2. Effect of calcination temperature on the photocatalytic de-
gradation of phenol ([phenol]=50 mg L™'; UV light inten-
sity=921 UW cm’; air flow rate: 2 L min™'; pH=5.2; [TiO;-
P25]=036g L).
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Fig. 3. XRD patterns of the 1 g L™ P25 powder in TiO,-P25/AC
prepared at different calcination temperatures (A: anatase;
R: rutile).

is greatly affected by the calcination temperature [17,25,26]. To obtain
the optimal calcination temperature for TiO,-P25/AC preparation,
the photocatalysts were calcinated at different temperatures in the
range of 400 to 700 °C, for investigating the photocatalytic degra-
dation of phenol. The results are presented in Fig. 2. As can be seen,
the calcination temperatures significantly influence the photocatalytic
activity of TiO,-P25/AC and the optimum calcination temperature
was 600 °C. In addition, X-ray diffraction was used to determine
the crystalline structure and phase of the catalysts. Fig. 3 shows the
XRD patterns for TiO,-P25/AC prepared at different calcination
temperatures. It can be observed that the TiO,-P25/AC calcinated
at 600 °C revealed both anatase and rutile phases of TiO,, which
can explain the higher photocatalytic activity for the degradation of
phenol. Recent reports on the mixture of anatase and rutile phase
photocatalyst have shown higher photocatalytic activity [13,27,28].
This could be attributed to the fact that the presence of rutile phase
enhances the anatase phase by serving as an electron sink. By cap-
turing the photogenerated electrons from the anatase crystals, the
rutile phase stabilizes the holes generated in the anatase phase by
preventing recombination. Therefore, more holes are available in
the anatase phase for reaction with hydroxyl ion to form hydroxyl
radicals (*OH). From the XRD patterns, the rutile phase was not
clearly seen in the TiO,-P25/AC. The reason could be that (i) the
anatase to rutile transformation is usually expected to take place
between 700 °C and 800 °C [28], (ii) the P25 loading in the photo-
catalyst is low, and (iii) the ratio of rutile phase in Degussa P25 is
relatively low (15-30% rutile phase). Hence, it is reasonable to con-

Table 1. The crystallite size (D), BET surface area (S;;;) and total
pore volume (V,,) of 1 g L™ P25 powder in TiO,-P25/AC
photocatalysts prepared at different calcination temper-

atures (T,)
Catalyst ~ T.(°C) D(nm) S,,(m’g") V,, (cm’'g™)
TiO,-P25/AC 400 7 815 0.4409
500 7.5 809 0.4317
600 10 788 0.4261
700 19 613 0.3450

clude that such a low rutile composition in the TiO,-P25/AC photo-
catalysts was too small to be seen in the patterns. The crystalline
particle size of the photocatalyst was determined from the Scherrer
formula, and the particle sizes of TiO, were in the range of 7 to 19
nm as shown in Table 1.

The BET method was used to determine the surface area and total
pore volume of the photocatalysts. Table 1 also shows the BET data
for TIO,-P25/AC prepared at different calcination temperatures. The
results revealed that the BET surface area of photocatalyst prepared
at calcination temperature from 400 to 600 °C did not decrease ob-
viously. Higher calcination temperature caused rapid decrease of
BET surface area for photocatalyst prepared at 700 °C, possibly due
to crystallites agglomerating into bigger crystal particles. There was a
similar change in the total pore volume. Considering the crystalliza-
tion, surface area and total pore volume characteristics, the optimal
calcination temperature was 600 °C and was used for all the follow-
ing experiments.

2. Optimum Loading of P25

To evaluate the effect of the addition of P25 loading on the pho-
tocatalytic activity of TiO,-P25/AC, a series of experiments were
performed with different embedded loadings of P25 fromOto 6 g
L. Fig. 4 presents the effect of P25 loading on the photocatalytic
degradation of phenol. The results demonstrated that the addition
of P25 loading could enhance the photocatalytic activity of TiO,
film. In addition, all the TiO,-P25/AC had higher photocatalytic
activity than pure TiO/AC. At the optimum P25 loading of 3 g L™,
the TiO,-P25/AC showed the highest photocatalytic activity.

The enhancement of photocatalytic activity could be ascribed to
several reasons. On the one hand, in the course of phenol photocat-
alytic degradation by pure TiO,/AC, the amounts of crystalline ma-
terials were relatively low because only crystalline formed from the
alkoxide sol-gel (shown in Fig. 3). The addition of P25 loading in
the TiO,-P25/AC was composed of P25 particles together in the
presence of crystallites from alkoxide sol-gel which hence increased
the interface area between the TiO,-P25 particles and phenol mole-
cules. In addition, TiO,-P25/AC calcinated at 600 °C is advanta-
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Fig. 4. Effect of P25 loading on the photocatalytic degradation of
phenol ([phenol]=50 mg L'; UV light intensity=921 uW
cm’; air flow rate: 2 L min™'; pH= 5.2; [TiO,-P25]=041 g
L.
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Fig. 5. SEM images of the TiQ,-P25/AC prepared at (a) 3g L™ P25
powder and (b) 6 g L' P25 powder.

geous because it consists of anatase and rutile phases, and this cata-
lyst has much larger surface area, which in tum could have a benefi-
cial effect on the photocatalytic activity. However, the excessive
loading of P25 in the photocatalyst can tend to increase the num-
ber of agglomerates in the TiO, film and result in lower photocata-
lytic activity. Furthermore, scanning electron microscopy was em-
ployed to examine the surface morphology of the photocatalysts.
Fig. 5(a) and (b) show the SEM images of TiO,-P25/AC photocat-
alysts prepared with 3 g L™ and 6 g L' of P25 loading, respectively.
It was found that the agglomerates of TiO,-P25 particles were well
immobilized on AC support. Moreover, the SEM images show that
the surface area covered by these agglomerates increased with an
increase in the P25 loading from 3 to 6 g L™ in the photocatalyst.
Therefore, 3 g L™ was the optimal P25 loading in the TiO,-P25/
AC for the photocatalytic activity enhanced by increasing the expo-
sure area of solid-liquid interface.
3. Effect of Solution pH

The solution pH exhibits profound influence on TiO, surface charge
and adsorption ability [26]. Therefore, the role of pH on the photo-
catalytic degradation of phenol was studied in the pH range of 2.0
to 12.0. The results are presented in Fig. 6. It can be seen that the
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Fig. 6. Effect of solution pH on the photocatalytic degradation of
phenol ([phenol]=50 mg L'; UV light intensity=921 uW
cm?; air flow rate: 2 L min™'; [TiO,-P25]=0.41 g L™).

degradation efficiency of phenol increased when the solution pH
increased from pH 2.0 to 5.2 (natural pH). However, a further in-
crease in the solution pH, led to a decrease in the degradation effi-
ciency of phenol. The results indicated that the optimal solution pH
for photocatalytic degradation of phenol was observed at pH of 5.2,
which was also similar to that reported by other authors [14,26,29].

According to the point of zero charge (pH,.. 6.25) of TiO, [30],
the following surface reactions are expected to occur at different
pH values (Eq. (1) and (2)):

pH<pH,..: TIOH+H —TiOH; (1)

pH>pH,_.: TIOH+OH —TiO +H,0 )

pct

where TiOH is the surface ‘titanol’ group. Thus, it is reasonable to
expect that the electrical charge of the phenol and the catalyst sur-
face will determine the extent of adsorption. At a low pH, phenol
was primarily in its molecular form and the surface of TiO, was
positively charged. For pH 2.0, the pH was adjusted by HCl, while
the CI” anions might have been adsorbed on the surface of TiO, [31-
33]. This has been proved by Chen and Ray [31] that a competition
between the adsorption of the Cl™ anions and phenol would happen
on the TiO, surface to decrease the photocatalytic activity. However,
at the pH 5.2, the CI” anions did not exist because the natural pH
did not require the addition of any HCl to adjust the pH solution.
Consequently, the electrostatic attraction between positively charged
TiO, with phenol molecules resulted in maximum adsorption, and
thus led to high degradation efficiency of phenol.

On the other hand, at higher pH, as phenol molecules are nega-
tively charged in alkaline media, their adsorption is also expected
to be affected by an increase in the density of TiO™ groups on the
catalyst surface. Thus, due to Coulombic repulsion the phenols are
scarcely adsorbed [30]. Besides, the pH was adjusted by NaOH for
higher pH value. Bekkouche et al. [33] had reported that the ad-
sorption of the Na' ions and OH™ ions could create a competition
with the phenolate anions on the surface of TiO,, also resulting in
lower photocatalytic activity. For the above reasons, the photocata-
Iytic activity of phenol reached a maximum in slight acidic condi-
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Fig. 7. Effect of air flow rate on the photocatalytic degradation of
phenol ([phenol]=50 mg L™'; UV light intensity=921 uW
cm’’; [TiO,-P25]=0.41 g L™'; pH= 5.2).

tions (pH 5.2) and followed by a decrease in the pH range 7.0 to
12.0.
4. Effect of Air Flow Rate

Since the fluidized bed photoreactor used is operated as an im-
mobilized type reactor, the total delivered air flow rate was signifi-
cant for this study. Compressed air was used as the air flow sources
to not only maintain adequate suspension and better mixing condi-
tion, but also provide sufficient amount of dissolved oxygen. In this
study, different air flow rates varying from 0.5 to 3.0 L min™' were
investigated. The effect of air flow rate on the photocatalytic degra-
dation of phenol is illustrated in Fig, 7. It can be seen that the degrada-
tion of phenol increased with increasing air flow rate up to the limit
2.0 L min™"; beyond this limit, there was a decrease in the degrada-
tion efficiency. Similar observations have been reported concerning
the photocatalytic degradation of other pollutants [34-36].

The influence of air flow rate on the photocatalytic degradation
of phenol can be explained in terms of the turbulence induced by
the air bubbles and oxygen supply for photocatalytic reaction [36,37].
As the rate of air flow was increased, an increase in the turbulence
induced by the air bubbles was observed. Thus, the probability of
photocatalyst contacting with phenol molecules increased and resulted
in a higher mass transfer rate. However, at the higher air flow rate
(over the optimal air flow rate), the fluidized bed was expanded due
to the creation of larger air bubbles, which may hinder the absor-
bance of UV light to the photocatalyst. Therefore, it can be said that
there is an optimal air flow rate for the fluidized bed photoreactor.

In addition, the concentrations of dissolved oxygen in the phenol
solution after passing through the fluidized bed photoreactor were
also measured by means of dissolved oxygen meter. The actual dis-
solved oxygen was found to be 7.7-8.0 mg L™ at the air flow rate of
2L min™. Several authors have also demonstrated that there existed
a sufficient amount of dissolved O, when optimal air flow rate was
used in their photocatalytic degradation system [38-41]. The role
of dissolved O, is to enhance the separation of the photogenerated
electrons and holes and thereby improve the efficiency with which
the *OH radicals are produced. Therefore, in this study, 2.0 L min™'
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Fig. 8. Effect of UV light intensity on the photocatalytic degrada-
tion of phenol ([phenol]=50 mg L™; air flow rate=2 L min™';
[TiO,-P25]=0.41 g L'; pH=5.2).

was the optimum air flow rate for the fluidization of photocatalysts
enhancing the photocatalytic reaction by increasing the mass trans-
fer and by scavenging the photogenerated electrons.

5. Effect of UV Light Intensity

The effect of UV light intensity on the photocatalytic degrada-
tion of phenol was studied by using 1, 2, 3 and 4 UV lights cor-
responding to the light intensity of 223, 458, 716 and 921 uW ¢m?,
respectively as measured by radiometer. Fig. 8 shows the phenol
concentration as a function of irradiation time under four different
UV light intensities. As UV light intensity increased from 223 to
921 uW cm™, the degradation efficiency of phenol increased lin-
early and reached the maximum when the UV light intensity was
921 uW cmi . Apparently, the UV light intensity has a positive effect
on the degradation efficiency of phenol.

UV light intensity determines the amount of photons absorbed
by the photocatalyst. With the increase of the UV light intensity,
the photocatalyst absorbs more photons, producing more electron-
hole pairs in the photocatalyst surface and this increases the *OH
radical concentration and consequently increases the degradation
efficiency. Earlier studies [42,43] on the effect of the UV light inten-
sity have stated that at low light intensity (catalyst dependent, sur-
face reaction limited) the rate is linearly proportional to the light
intensity, while at medium-high intensity, the rate becomes propor-
tional to the square root of the light intensity, and at higher light
intensity, the rate would not be affected by the increase of the light
intensity. They have attributed this variation to the recombination
of photogenerated electron and hole pairs under different radiation
intensities. In the present study, the results revealed that the UV light
intensity lay within the linear range, where utilization of light energy
is most efficient. The finding was in line with several studies which
generally observed an increase in photocatalytic degradation effi-
ciency with UV light intensity [44-46].

6. Effect of Initial Substrate Concentration

The dependency of photocatalytic degradation of phenol on the
initial substrate concentration is presented in Fig. 9. The examined
range of the initial phenol concentration varied from 25 to 130 mg

Korean J. Chem. Eng.(Vol. 27, No. 4)



1114 S.-M. Lam et al.

100
—0— 25mg L
- 50mgL’

< 80 —— 80mglL"
< —a— 100mg L
2 —— [30mg L’
3
g
£ 40
g
2
S 20

0

0 20 40 60 80 100 120 140

Irradiation time (min)

Fig. 9. Effect of initial phenol concentration on the photocatalytic
degradation of phenol (UV light intensity=921 uW em;
air flow rate=2 L min™"; [TiO,-P25]=0.41 g L™'; pH=5.2).
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Fig. 10. Kinetics of phenol photocatalytic degradation for differ-
ent initial phenol concentrations in the presence of 3 g L™
P25 powder in TiO,-P25/AC. Inset: Linearized reciprocal
kinetic plot.

L. The results demonstrated that the degradation efficiency of phe-
nol decreased with an increase in the initial concentration of phe-
nol. It was also found that the photocatalytic degradation of phenol
obeyed pseudo-first-order kinetics. Fig. 10 exhibits the linear plot
of In (C,/C) against irradiation time. The apparent rate constants,
k,, (min™") were calculated from the slopes of the lines and found
to decrease with an increase in the initial phenol concentration as
shown in Table 2.

Many authors have demonstrated that the kinetic model for heter-
ogeneous photocatalytic reaction can be described by the Langmuir-
Hinshelwood (L-H) kinetic expression [47-49]. The kinetic model
assumes that the surface coverage of substrate, which in relation to
the concentration in the bulk solution affects the rate of degrada-
tion [50]. According to the L-H model, the rate of the photocata-
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Table 2. The value of the apparent rate constant (k) and corre-
lation coefficient (R?) at different initial phenol concen-
trations

Initial phenol concentration (mg L™")  k,,, (min™") R’

25 0.0365 0.9846
50 0.0284 0.9816
80 0.0171 0.9750
100 0.0134 0.9640
130 0.0100 0.9544
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Fig. 11. Degradation efficiency of 3 g L™ P25 powder in TiO,-P25/
AC for phenol photocatalytic degradation of five cycles
([phenol]=50 mg L™'; UV light intensity=921 uW c¢m; air
flow rate: 2 L min™'; pH=5.2; [TiO,-P25]=0.41 g L ™).

Iytic degradation of phenol is commonly expressed as Eq. (3):

_ kKC

=1+KC K

anC (©)

where R is the photocatalytic degradation rate of phenol (mg L™
min™), C is the initial concentration of phenol (mg L), k is the reac-
tion rate constant (mg L' min™") and K is the adsorption equilib-
rium constant (L mg™). Linearization of Eq. (3) provides the rela-
tionship Eq. (4):

1 1 1

R™kKC "k @

By plotting the reciprocal of rate (1/R) against the reciprocal of
initial concentration (1/C,), the validity of the model can be con-
firmed if the linearization is correct. Moreover, the values of appar-
ent reaction rate constant k and adsorption equilibrium constant K
can be determined by linear regression. As shown in Fig. 10 inset,
the L-H model can approach correctly the experimental data. This
means that the kinetic reaction step is probably the limited step. The
obtained values of k and K were 4.206 mg L™' min™' and 0.0010 L
mg, respectively. These constant values are the same order of mag-
nitude as those reported in the literature for the photocatalytic degra-
dation of other organic pollutants [31,39,47].

The initial substrate concentration dependence of the rate of pho-
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tocatalytic degradation of phenol can be realized by the fact that
the degradation reaction occurs on TiO,-P25 particles as well as in
solution [51,52]. On the surface of TiO,-P25 particles, the reaction
occurs between the *OH radicals, generated at the active OH™ sites
and a phenol molecule from the solution. When the initial concen-
tration is high, the number of these available active sites is reduced
by phenol molecules because of their competitive adsorption on
TiO,-P25 particles. Since the intensity of UV light and irradiation
time are constant, the *OH radicals formed on the surface of TiO,-
P25 remain practically the same. Thus, the reactive *OH attacking
the organic pollutants decreases due to the lower ratio of the *OH/
phenol. On the other hand, a significant amount of UV light may
be absorbed by the phenol molecules rather than the TiO,-P25 at
higher initial phenol concentration [32,53]. Consequently, the UV
light absorbed by the phenol is not effective to carry out the degra-
dation and a decrease in the rate of photocatalytic degradation is
observed.
7. Repeatability of Photocatalyst

Recycling use of photocatalyst is very important for the practi-
cal application. To evaluate the stability of TiO,-P25/AC, recycling
experiments were performed. For each new cycle, the photocata-
lyst was filtered, washed and left at room temperature during 24 h.
The results are in Fig. 11. After five cycles, the degradation effi-
ciency of phenol reduced only about 10% from 95.8% to 84.0%.
The results revealed that the photocatalytic activity of TiO,-P25/
AC photocatalyst has repeatability. Similar results were obtained in
TiO, immobilized AC system [54]. The reduction in the degrada-
tion efficiency among the cycles can be explained by the loss of
photocatalyst because of the difficulty to avoid any loss of catalyst
materials during the experiments. When investigating the photo-
catalyst losses before and after five times reuse, the TiO,-P25/AC
mass loss was 4.2 wt%. On the other hand, the TiO,-P25 immobi-
lized on AC almost did not release or dissolve into the solution, which
indicates that photocatalyst was very stable.

CONCLUSION

The present work has studied the TiO,-P25/AC photocatalyst
preparation and photocatalytic degradation of phenol in a fluidized
bed photoreactor. The results are summarized as follows:

e The optimum preparation conditions of TiO,-P25/AC were the
calcination temperature 600 °C and the P25 loading of 3 g L™. XRD
patterns revealed that the crystalline phase of TiO, in the TiO,-P25/
AC photocatalyst was both anatase and rutile phases. The surface
morphology of TiO,-P25/AC was significantly affected by P25 load-
ing embedded in photocatalyst.

o The optimal solution pH was found to be equal to 5.2.

e A high air flow rate of 3 L min™" has a negative effect on the de-
gradation efficiency due to the creation of larger air bubbles, which
may hinder the absorbance of UV light to the photocatalyst.

e On the contrary, the UV light intensity leads to the enhancement
of the degradation efficiency because of more photons absorbed on
the surface of the photocatalyst.

¢ The influence of the initial substrate concentration was evaluated
and fitted well with the Langmuir-Hinshelwood kinetics model. This
allows one to determine the values of the constants’ model and to
verify its validity.

e Finally, the photocatalytic ability of photocatalyst was reduced
only 10% after five cycles for phenol degradation. Owing to its high
performance and recycling ability, the TiO,-P25/AC is a very prom-
ising photocatalyst for the degradation of organic pollutants.
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