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ABSTRACT

Three kinds of diatomites as catalyst carriers were adopted to prepare supported TiO,
catalysts by a typical hydrolysis—deposition method. The prepared composites were
characterized by X-ray diffraction, Fourier transform infrared spectroscopy, N, adsorption—
desorption, scanning electron microscopy transmission electron microscopy, UV-vis diffuser
reflectance, and chemical oxygen demand. The photocatalytic properties of composites were
determined using rhodamine B, methyl orange, and methylene blue as target pollutants
under UV light irradiation. A comparative study on the photocatalytic properties of
composite catalysts was carried out. It is indicated that the catalytic performance of
TiO,/diatomite is significantly influenced by the physicochemical properties of diatomite
supports. Compared with pure TiO,, the TiO,/diatomite composites exhibited smaller
crystalline size of TiO, and better dispersibility, which induced higher specific surface area
and better photo-degradation efficiency. The highest activity of the photocatalyst should be
attributed to the acid-activated support, which provided more active sites for the degrada-
tion reaction. Besides, the durabilities of catalysts were also investigated. The experimental
results indicated that the prepared composite is a promising material for the wastewater
treatment for its good photocatalytic property and reusability.
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1. Introduction

Due to the fast development of textile industry, a
large amount of dye wastewater has been released
into the environment without treatment, which can
lead to significant environmental problems. Many
nitrogenous dyes, such as azo dyes, can yield poten-
tially carcinogenic aromatic amines which undergo
natural degradation [1-3]. Many researchers have
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reported the feasibility of using various semiconductor
photocatalysts for the treatment of textile wastewater
because of their good removal effect and low energy
cost [4-6]. Titanium dioxide (TiO,) has been
extensively used in the air purification, wastewater
treatment, and other environmental fields due to its
good biological and chemical inertness, nontoxic, and
relatively low cost [7-10]. As a photocatalyst, however,
traditional TiO, powder has some disadvantages
because of their low adsorption capacity, poor
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reusability, and difficult separation from aqueous
solution [11].

In recent years, different immobilization techniques
to prepare supported TiO, composites appear to pro-
vide some feasible solutions to such problems [12,13].
A number of different materials were used for sup-
porting TiO, such as zeolite [14], cenosphere [15], car-
bon [16], and glass slide [17]. The natural non-metallic
mineral materials have porous microstructure, large
specific surface area, high chemical and thermal sta-
bilities, good ion exchange, and adsorption capacity,
which are favorable to act as catalyst support.
Immobilizing the nano-TiO, particles on porous non-
metallic minerals is not only beneficial to improve the
efficiency of photocatalysis but also favors the separa-
tion and recovery of catalysts from aqueous solution.
In the last few years, some natural minerals, such as
sepiolite [18], montmorillonite [19], diatomite [20],
kaolin [21], and attapulgite [22], have been reported to
be used as the carriers of the composite photocata-
lysts. Among various porous natural minerals, diato-
mite seems to be an attractive candidate due to its
porous structure, high adsorption capacity, low cost,
and large reserves [23-25]. Diatomite is a kind of bio-
genic silica sedimentary rock, formed from the deposi-
tion of single-celled aquatic algae, consisting of a
significant number of diatom units with various
shapes and sizes. TiO, loaded on diatomite can signifi-
cantly increase the specific surface area and adsorp-
tion performance, offering more active sites for the
degradation of pollutants [26]. The pretreatment of
diatomite can influence the photocatalysis of compos-
ites such as acid leaching of the diatomite. Liu et al.
[27] discussed the effect of diatomite which was
treated with the H,S0,/HF-mixed acid solution and
calcined at 1,000°C on the catalytic performance of
titanium silicalite/diatomite. Xia et al. [28] prepared
TiO, diatomite by sol-gel method with various
pre-modified diatomites and confirmed the effects of
carrier on the structure and properties of supported
TiO,. However, to the best of our knowledge, these
experiments merely treated one pollutant, which may
not be representative, and the catalytic performance
may be different to diverse pretreatments. The
research for the treatment of dyeing wastewater by
nano-TiO,/diatomite composites has an important sig-
nificance obviously.

In this work, it synthesized three kinds of TiO,/di-
atomite composites using different pretreated supports
by a typical hydrolysis—deposition method. The photo-
catalytic properties of the composites were determined
by the degradation of rhodamine B, methyl orange,
and methylene blue under UV light irradiation. The
crystalline size of TiO,, surface area, surface potential,
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and other properties related to the adsorption/
photocatalysis capability of catalysts were also studied
in order to investigate the effect of different pretreated
diatomites on the photocatalysis of the obtained
products.

2. Experimental
2.1. Materials

Calcined diatomite (CD) was provided by Xinghui
Filtering Aid Ltd (Jilin province, China). Diatomite
that was provided by Beifeng Diatomite Ltd (Jilin pro-
vince, China) was treated by physical purification
according to the literature [25] and labeled as PD. PD
was calcined at 500°C for 1h and pretreated with
50 wt.% sulfuric acid subsequently; the acid-purified
diatomite was labeled as APD. The main chemical
compositions of CD, PD, and APD are listed in Table 1.
Titanium tetrachloride (TiCly), sulfuric acid (H,SOy),
hydrochloric  acid (HCI), ammonium sulfate
[(NH4)2504], and ammonia liquor (NH3;-H,O) were
purchased from Beijing Chemical Works. Rhodamine
B (CysH3;CIN,O5, RB), methyl orange (C;4H7oN305-
NaS, MO), and methylene blue (C;cH;5CIN3S, MB)
used as model contaminants were purchased from
Aladdin Chemistry Co. Ltd. All agents were used
without further purification. Degussa P-25 (Germany)
was used as a reference material. Deionized water
was used throughout the experiment.

2.2. Preparation of TiO,/diatomite catalysts

The preparation of TiO,/diatomite composite was
undertaken by a typical hydrolysis—deposition method
using TiCly as a precursor. Initially, the diatomite
powders were added to a flask containing a certain
amount of deionized water, which was kept in a
ice-water bath under vigorous stirring. Then, TiCly
solution and (NH,4),SO, solution were added to the
suspension at an interval of 15 min according to the
1:1 (molar ratio) of [Ti**]/[SO3"] at a preset dropping
rate. The theoretical loading amount of TiO, was
determined as 40 wt.% (TiO,: diatomite = 2:5), which
was controlled by the adding a certain amount of
TiCly solution. After stirring for another 15 min, the
temperature was increased to 40°C followed by
successive stirring for 1 h. The final pH value of the
dispersion was adjusted to about 5.5 through the addi-
tion of diluted ammonia solution. After 1h, the sus-
pension was filtrated by a vacuum filter and washed
free of chloride anions as determined by the use of
0.1 M AgNO; solution. The product was dried in an
oven at 105°C for 8 h with subsequent calcination at
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Table 1
Chemical constituents (wt.%) and surface area of diatomite
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Sample SiO, Al,O3 Fe,O3 MgO TiO, LOI* BET surface area (m?/ g)
CD 92.03 2.38 1.32 0.29 0.11 0.33 1.83

PD 86.52 4.05 2.25 0.39 0.22 4.18 15.58

APD 92.27 2.21 0.48 0.56 0.21 2.84 26.20

“Loss on ignition.

700°C for 2 h in the air at a heating rate of 2.5°C/min.
The three prepared samples using different diatomites
were denoted as T-CD, T-PD, and T-APD, respec-
tively. Pure TiO, without diatomite as reference was
also synthesized, which was denoted as PT.

2.3. Characterization of catalysts

The phases of samples were characterized by X-ray
powder diffraction (XRD) analysis on D8-ADVANCE
X-ray power diffractometer (Bruker, Germany) with
Cu-Ko radiation (1 = 0.15406 nm) under the operation
conditions of 40 kV and 40 mA. The samples were
scanned at a rate of 4°/min. FT-IR spectra of the sam-
ples mixed with KBr were obtained using Fourier
transform infrared spectrometer (Nicolet iS10, USA).
The surface area of samples was measured by N;
adsorption at 77 K on a constant volume adsorption
apparatus (JW-BK, JWGB Science and Technology,
China) and calculated by the Brunaer-Emmett-Teller
(BET) method. The surface morphologies and
microstructures were observed by S5-4800 scanning
electron microscopy (Hitachi, Japan) and transmission
electron microscopy (TEM, JEM 1200EX, JEOL Ltd).
The isoelectric point of the samples was tested by
Zeta-potential instrument (Nano ZS90, UK). The opti-
cal properties of the samples were characterized by
UV-vis diffuse reflectance spectroscopy (DRS) using a
UV-vis  spectrophotometer (UV-90005S, Shanghai
Metash, China) equipped with diffusive reflectance
accessory. Chemical oxygen demand (COD) measure-
ments were carried out by the dichromate titration
method on the RB solutions under UV light
irradiation.

2.4. Adsorption/photocatalysis of catalysts

The photocatalytic activity of catalysts was evalu-
ated by the degradation of dyes (RB, MO, and MB) in
aqueous solution under 300-W high-pressure mercury
lamp (Amax = 365 nm) as UV light. Experiments were
conducted in a photocatalytic reactor (Shanghai Bilon
Instruments Corporate, China) [10]. The quartz tube

(150 mL) was positioned at a fixed distance of 10 cm
from the lamp. The solution was stirred mechanically
in the tube at a constant rate using a magnetic stirrer
during the reaction. The lamp was positioned inside
the double-deck quartz cold trap through which circu-
lating water was used to cool the lamp. For the
degradation of dye, 0.1 g of prepared catalyst was
added into 100 mL dyes (10 mg/L). Prior to UV illu-
mination, the suspension was stirred vigorously for 30
min or 1h in the dark to establish the adsorption-
desorption equilibrium between the dye and catalyst.
The suspension was withdrawn from the reactor at set
intervals and centrifuged. The photocatalytic discol-
oration of the dye was analyzed by UV-vis spec-
trophotometer (UV-9000S, Shanghai Metash, China)
through measuring the absorbance change at 464 nm
(MO), 554 nm (RB), and 664 nm (MB). The percentage
of dye degradation (D) was calculated by the
following equation:

p=5"% 100% (1)
Co

where Cy and C; are the concentrations of dye at initial
time and at time ¢, respectively.

3. Results and discussion
3.1. XRD analysis

The XRD patterns of the obtained TiO,/diatomite
composites and pure TiO, powder are shown in
Fig. 1. In the pattern of T-CD, there are three
representative peaks around 26=21.9°, 31.3°, and
36.0°, which could be ascribed to the cristobalite
(No. 39-1425). The phase transformation came from
the amorphous opal calcined above 1,100°C. T-PD and
T-APD composites have a very wide asymmetric
diffraction peak at 20 between 18° and 28°, which is
consistent with the diffraction peaks of the amorphous
SiO,. There is a characteristic diffraction peak at
20 = 26.7° corresponding to quartz in T-PD and T-APD
[29]. T-CD, T-PD, and T-APD have weak quartz



G. Zhang et al. | Desalination and Water Treatment 57 (2016) 17512-17522

(101}
A

A: Anatase
C: Cristobalite
Q: Quartz

5 (200)
e v

Intensity (a.u.)

T-PD

T-APD

10 20 30 40 50 60 70 80
2 Theta (°)

Fig. 1. XRD patterns of various composite catalysts and
pure TiO,.

diffraction peaks. The XRD patterns of TiO, particles
show the presence of three main peaks at 26 = 25.3° (1
01), 37.8° (004), and 48.1° (200), which are repre-
sentatives of anatase TiO,. According to Fig. 1, no evi-
dent peaks of rutile-TiO, phases appear in the XRD
patterns of pure TiO,, which is because that SO;~
(originated from adding (NH4),SO; during the
preparation process) retarded the phase transition
from anatase to rutile [30].

The crystalline size of TiO, in the samples was
calculated by the Scherrer equations:

D = KA/Bcos 0 (2)

where D was the crystalline size, A was the X-ray
wavelength (0.15406 nm), f was the full width at half
maximum of the (101) peak, # was the half angle of
the diffraction peak, and K =0.89. By calculating, the
crystalline sizes of TiO, in three catalysts are around
13-15 nm, which indicates that the difference between
supports has no influence on the particle size of sup-
ported TiO,. The crystalline size of pure TiO, (33 nm)
was larger than that of supported TiO,, which means
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diatomite as the support can inhibit the growth of
TiO, grains [11]. This is because diatomite dispersed
TiO, particles and impeded the agglomeration of it.

3.2. Morphology analysis

The SEM and TEM images of three kinds of diato-
mites, TiO,/diatomite catalysts, and PT are displayed
in Fig. 2. The microstructure of the CD, PD, and APD
samples is exhibited in Fig. 2(a)-(c), respectively. In
Fig. 2(a)-(c), the diatomite is mainly consisted of disc-
like diatoms with a diameter of ca. 20-30 um and has
numerous ordered micropores on the surface. The CD
has a smoother surface and larger pores than the other
two kinds of diatomites. However, some micropores
of CD are destroyed due to the high-temperature cal-
cination. It is observed that some of the pores are
blocked by impurities (clay minerals and organic mat-
ter) on the diatom of PD (Fig. 2(b)). The pores on the
diatom of APD could be seen more clearly after acid
leaching and calcination treatment (Fig. 2(c)). Com-
pared with the unloaded diatomite, the surface of the
TiO,/diatomite composite becomes rougher because
of the presence of TiO, particles. Moreover, the EDS
measurement confirmed the composition of the
hybrids (inset of Fig. 2(f)), which demonstrated the
presence of Si, Ti, and O. According to the TEM
images of PT (Fig. 2(i)), the TiO, nanoparticles have
an average size of around 40 nm and dramatically
congregate together, which is in line with the XRD
result. From the TEM images of T-APD (Fig. 2(g) and
(h)), it can be seen directly that the TiO, particles are
uniformly distributed on the surface or in the pores of
the diatomite, and the porous structure of diatomite is
well preserved. It indicates that the diatomite as the
support plays an important role on the dispersion of
nano-TiO, particles. It has been reported that the
particle size of photocatalyst is a crucial factor in the
dynamics of the electron/hole recombination process
[31]. In general, catalysts with smaller particle size
would be favorable for higher catalytic activity.

3.3. FT-IR spectral analysis

The FT-IR spectra of TiO,/diatomite catalysts are
shown in Fig. 3. The samples exhibited characteristic
peaks at 3,440 and 1,630 cm™!, which can be assigned
to the stretching vibration of O-H and bending vibra-
tions of O-H bond of the physisorbed water, respec-
tively [26,32]. These were derived from the surface of
-OH groups of diatomite and TiO,. More hydroxyl
groups existing on the surface of catalysts favor the
enhancement of the photocatalytic performance [33].
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Fig. 3. FT-IR spectroscopy of TiO,/diatomite composites.

The peaks located at 1,100, 800, and 471 cm™! can be
assigned to the asymmetric and symmetric stretching
vibrations and bending vibrations of Si-O-Si. The
wide band around 800-500 cm™' corresponds to the
characteristic absorption of TiO, [34]. The weak
absorption peak at 930 cm ™ 'could have resulted from
Si-O-Ti linkages [35], which were very weak at the
spectra of prepared catalysts, probably due to the
small number of these bonds.

3.4. DRS analysis

To investigate the optical absorption properties of
TiO,/diatomite composites, diffuse reflectance spectra
(DRS) was analyzed (Fig. 4). The band gap energy
was obtained corresponding to the intersection point
of the vertical and horizontal parts, which was calcu-
lated according to the equation:
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Fig. 4. UV-vis DRS spectra of diatomite, various composite

E (eV) = 1,240/ ®)

where E, is the band gap (eV) and /1 (nm) is the wave-
length of the absorption edges in the spectrum [36].
As shown in Fig. 4, the absorption edges of samples
have no obvious difference, which indicates that these
catalysts have the similar band gap. The obtained
band gap energies are shown in Table 2. The band
gap energies of the PT (3.18 eV) are higher than those
of P25 (3.03 eV). This phenomenon can be ascribed to
the quantum size effect of the TiO, particles. Mean-
while, the diatomite support could act as a photosensi-
tizer and effectively extend the absorption into the
visible light region [37]. The color of the prepared
TiO,/diatomite is different from each other. The color
of T-PD is brown. T-CD exhibited a pale yellow color,
while the color of T-APD is white. This phenomenon
is related to the oxidation of the residual organic
groups in the diatomite [38]. This result demonstrates
that diatomite is not obviously effective for changing
the band gap of TiO,/diatomite and the DRS of TiO,/
diatomite was susceptible to diatomite.

Table 2
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catalysts, pure TiO,, and P25.

3.5. Adsorption and photocatalytic performance of catalysts

Generally, photocatalysts with higher specific sur-
face area would be favorable to higher catalytic activ-
ity [39]. The surface charge of catalysts may also
influence the adsorption process. In this study, the
adsorption of dyes on catalysts was carried out in
dark for 30 min (or 1h) to realize the adsorption—
desorption equilibrium. The adsorption of dyes on
catalysts was relatively rapid within 2 min and then
slowed down before reaching the reaction equilibrium.
For MO solutions, the adsorption capacities of PT and
P25 were better than those of T-CD, T-PD, and
T-APD. It is because MO is an anionic dye, and pH of
the MO solution is 5.89, which is less than the
isoelectric point of P25 (pHigp 6.8) [40]. So, the surface
of PT and P25 particles is electropositive, resulting in
a better adsorption capacity for MO dye, while the
surfaces of three TiO,/diatomite catalysts are elec-
tronegative (pHgp(T-PD) =2.65, pHigp(T-CD) = 3.58,
and pHp(T-APD) =3.33), which lead to lower
adsorption. However, RB and MB are cationic dyes,
and the pH of RB (4.87) and MB (5.62) solutions is

Physical properties and kinetic constants for MB adsorption of catalysts

Crystalline size

BET surface area

Sample of anatase (nm) Isoelectric point  (m?/g) Band gap E, (eV) k (g/mgmin) g.(mg/g) R

T-CD 15 3.58 15.47 3.09 0.88 1.55 0.9993
T-PD 13 2.65 31.39 3.13 0.27 4.03 0.9997
T-APD 15 3.33 30.80 3.17 0.23 3.65 0.9993
PT 33 6.0 24.68 3.18 19.55 1.13 0.9999
P25 21 6.8 56.44 3.03 0.45 2.16 0.9998
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greater than the isoelectric point of the three compos-
ite catalysts. The surfaces of three composite catalysts
are electronegative, so they may adsorb RB and MB
dyes easily. The larger surface area of T-PD and
T-APD also has a contribution to the higher adsorp-
tion capacity (Table 2). Besides, the =5iO" groups on
the diatomite surface can combine with R—N(CHg)Z+ of
MB and R—N(CzH5);r of RB. But, it also can be seen
that P25 has a small amount of adsorption for MB and
RB solutions; this may be due to the adsorption of MB
(or RB) on TiO, through the nitrogen atoms that
hydrogen bond to the surface hydroxyl groups [41].

In order to understand the mechanism of the
adsorption process, the pseudo-second-order model
was used to describe the adsorption kinetic [42]:

t 1 1
P +qet 4)
where k is the rate constant (g/mg min™') and g, and
ge are the amounts of dye (mg/g) adsorbed at any
time and at equilibrium, respectively. The kinetic
curves and the kinetic constants of the adsorption of
MB on various catalysts are shown in Fig. 5 and
Table 2. The results indicated that the pseudo-second-
order equation fitted well with the experiment data
and could be used to describe the adsorption kinetics
of TiO,/diatomite.

The photocatalytic activities of catalysts were
evaluated by decomposing the different dyes (MO,
RB, MB, and MB + RB) in aqueous solutions under
UV light irradiation. The dyes’ degradation curves as
a function of reaction time for catalysts are shown in

(a) 40
35|
z
X 3
S
= I
g 25
2
=]
= 20
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[*]
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1 i L L
40 50 60

Time (min)
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Fig. 6. The blank tests of dyes without catalysts were
also conducted as references. In addition, PT and P25
were also carried out for comparison. After turning on
the lamp, the removal rate of MB without catalysts is
very low (1.72% after 1 h irradiation). In the photocat-
alytic process, the adsorbed dye molecules were
decomposed and simultaneously kept adsorbing on
the catalysts’ surface. After 1h irradiation, the
degradation efficiency of T-APD was up to 97.75%,
which was a little more than that of P25. Within the
same time interval, the degradation efficiencies of
T-CD, T-PD, and PT were 93.99, 53.33, and 71.26%,
respectively. For MB, the degradation capacity of
different obtained catalysts can be summarized as
follows: T-APD > P25 > T-CD > PT > T-PD.

Generally, the photocatalytic degradation can be
well described by the Langmuir-Hinshelwood (L-H)
kinetic model. This equation can be simplified to a
pseudo-first-order equation as follows:

In— = kt (5)

where k is the apparent rate constant and Cy and C;
are the concentrations of dyes after adsorption/des-
orption equilibrium and at the time f [6]. The kinetic
parameters are calculated and summarized in Table 3.
The straight line functions with a high value of R*
were obtained (not listed here), which indicated that
the pseudo-first-order equation fitted well with the
experimental data. T-APD has the highest k value for
three dyes’ degradation among the composite cata-
lysts. For RB (Fig. 6(b)), the degradation behaviors of

30

t/q, (min/mg-g")
2

10

0 10 20 30 40 50 60
Time (min)

Fig. 5. Adsorption curve (a) and kinetic curves and (b) of the adsorption of MB on catalysts.
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Fig. 6. The degradation of MO (a), RB (b), MB (c), and MB + RB (d) using different catalysts under UV light irradiation.

Table 3

Characteristics of dyes and the kinetic parameters of degradation of catalysts

Dye Classification Amax (m) pH Catalysts k (min™") R?

MO Anionic 464 5.89 T-PD 0.001 0.9836
T-CD 0.007 0.9992
T-APD 0.041 0.9915

RB Cationic 554 4.87 T-PD 0.007 0.9989
T-CD 0.020 0.9990
T-APD 0.075 0.9909

MB Cationic 664 5.62 T-PD 0.006 0.9955
T-CD 0.039 0.9847
T-APD 0.102 0.9807

RB + MB RB T-APD 0.012 0.9964

MB T-APD 0.035 0.9898
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catalysts are similar to those of MB. However, for MO
(Fig. 6(a)), P25 is the best catalyst, which may be due
to the fact that MO is an anionic dye. It would be
more easy for PT to adsorb MO, which results in a
better photocatalytic performance.

As summarized in Table 3, T-APD had the best
photocatalytic performance, which could be attributed
to the acid activation. Acid leaching removed the
impurities within the diatomite effectively, which
reduced the Lewis acid sites (resulted from the clay
impurities) and increased the Brensted acid sites
[24,43]. Therefore, acid leaching modified the surface
properties of the diatomite, which provided more
active sites for the degradation reaction [44]. Because
of the small surface area, T-CD didn’t have a good
adsorption capacity, which resulted in the lower
photocatalytic capacity. Although T-PD possessed lar-
ger surface areas, its degradation rate was lower than
the other catalysts. A few immobilized TiO, particles
could not be activated by UV light irradiation because
of the shielding effect of the impurities in PD. The
photocatalytic activity toward mixed dyes (10 mg/L
MB and 10 mg/L RB) was conducted using T-APD as
a catalyst. The results are displayed in the Fig. 6(d). It
was found that the photocatalytic degradation also fol-
lows the pseudo-first-order kinetics in the case of
mixed dyes. The kinetic parameters are calculated and
listed in Table 3. The data showed that the degrada-
tion rate of individual dyes in mixture was lower than
that of single dye, which should be associated with
the competition of dyes in mixtures to access the
active centers of the composite catalyst [45].

To confirm the mineralization, the photocatalytic
degradation reactions were carried out up to 90 min.
The COD values of the RB solutions under UV irradia-
tion over T-APD were measured and the results are
represented in Fig. 7. Before turning on the light, the
initial COD concentration of the RB solution is
17.75 mg/L. After 90 min of UV irradiation, the COD
concentration of the RB solution decreases from
84.62% to 2.73 mg/L. The corresponding decoloriza-
tion efficiencies were higher than those of COD
removal efficiencies, which were probably due to
the complete destruction of the chromophore of RB;
but the organic pollutant has been oxidized to
micromolecule pollutants, which have not been
oxidized to CO, and H,O [46]. The significant
decrease in the COD values indicates the efficiency
of the photocatalytic degradation methods for
wastewater treatment [47].

Reusability is another important indicator for the
practical ~application of environmental catalyst
materials, except for catalytic performance. The
reusability of the T-APD was studied by recycled

G. Zhang et al. | Desalination and Water Treatment 57 (2016) 17512-17522

COD (mg/L)

i i L M 1 i 1 i L A 1
0 15 30 45 60 75 90
Time (min)

Fig. 7. COD data for the RB solutions under UV irradiation
over T-APD.
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Fig. 8. Reusability of T-APD catalyst for dyes” degradation.

experiments under the same condition as described
above, and the results are shown in Fig. 8. At the end
of each cycle, the catalyst was reclaimed by filtration
and washed with ethanol continuously, and then cal-
cined at 500°C for 30 min. After the fifth use, the
removal efficiency of RB and MB was still above 95%.
The observation revealed that the prepared composite
did not exhibit significant loss of photocatalytic activ-
ity after five recycles, which indicated that the
obtained composite possesses good reusability.

4. Conclusions

In this paper, TiO, particles were successfully
loaded on three kinds of diatomites via hydrolysis of
TiCl, followed by calcination. The support diatomite
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can restrain the growth of the TiO, grains. SEM and
TEM images indicate that TiO, particles are uniformly
dispersed on the surface of the diatomite. Acid leach-
ing and calcination treatments can improve the surface
property of the diatom, so that the TiO, particles can
combine with the diatomite firmly through the interac-
tion force. The adsorption capacity of composite cata-
lysts in dark condition was dependent on the surface
charge and groups and specific surface area. The
pseudo-second-order model can be used to describe
the adsorption kinetics of MB on catalysts. The trend
of photocatalytic activity for the three composite cata-
lysts is summarized as follows: T-APD > T-CD >
T-PD. The T-APD catalyst possesses the optimum
photocatalytic performance for degrading methyl
orange, rhodamine B, and methylene blue. The
degradation efficiencies of dyes in the presence of the
composite catalysts were found to follow the L-H
kinetic model. Higher purity of the diatomite and rela-
tively larger specific surface areas could be responsible
for the higher photocatalytic activity of the T-APD
sample. It is indicated that T-APD could be a promis-
ing catalyst for the sewage treatment, owing to its
good photocatalytic property and reusability.
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