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Magnetically recyclable Ag/TiO2 co-decorated magnetic
silica composite for photodegradation of dibutyl
phthalate with ﬂuorescent lamps
Zhiqiang Ding, Yue Liu, Yong Fu, Feng Chen, Zhangpei Chen
and Jianshe Hu

ABSTRACT
In recent years, industrial contaminants and especially organic pollutions have been threatening both
environmental safety and human health. Particularly, dibutyl phthalate (DBP) has been considered as
one of the major hazardous contaminants due to its widespread production and ecological toxicities.
Consequently, reliable methods toward the efﬁcient and environmentally benign degradation of DBP
in wastewater would be very desirable. To this end, a novel magnetically separable porous TiO2/Ag
composite photocatalyst with magnetic Fe3O4 particles as the core was developed and successfully
introduced to the photocatalytic degradation of DBP under visible irradiation with a ﬂuorescent lamp.
The presented work describes the grafting of Ag co-doped TiO2 composite on the silica-modiﬁed
porous Fe3O4 magnetic particles with a simple and inexpensive chemical co-precipitation method.
Through the investigation of the inﬂuencing factors including photocatalyst dosage, initial
concentration of DBP, solution pH, and H2O2 content, we found that the degradation efﬁciency could
reach 74%. The photodegradation recovery experiment showed that the degradation efﬁciency of
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this photocatalyst remained almost the same after ﬁve times of reuse. In addition, a plausible
degradation process was also proposed involving the attack of active hydroxyl radicals generated
from this photocatalysis system and production of the corresponding intermediates of butyl
phthalate, diethyl phthalate, dipropyl phthalate, methyl benzoate, and benzoic acid.
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INTRODUCTION
Industrial contaminants and especially organic pollutions
have been threatening both environmental safety and
human health, and thus have stimulated extensive research
on technological innovation to efﬁciently remove these contaminants, including by electrochemical method (Sandhwar
& Prasad ), adsorption method (Wang et al. ; Yan
et al. ), biodegradation method (Tang et al. ), photocatalysis (Khataee et al. ) and other methods (Fang et al.
). Among them, photocatalytic oxidation has attracted
considerable attention in the ﬁeld of eliminating organic pollutants due to the features of operational convenience, high
degradation efﬁciency in treating organic compounds at low
concentrations and relatively low cost (Rajeshwar ;
O’Shea & Dionysiou ). As an important photocatalyst,
doi: 10.2166/wst.2020.162
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titanium dioxide (TiO2) has been widely investigated
because of its chemical inertness, long-term stability against
corrosion, cost-effectiveness, and being highly photoactive
(Legrini et al. ; Linsebigler et al. ; Lee et al. ).
Despite much progress having been achieved in the development of photocatalysts composed of hybridized TiO2, the
practical application with these materials still presents
great challenges (Hoffmann et al. ). The separation of
these catalyst particles, either at the nano- or microscale,
is a major bottleneck because high-energy separation processes are required to prevent the release of such particles
into the environment and enable recovery for the reuse of
the photocatalysts (Chong et al. ; Cates ). Another
barrier is that titania is a wide-bandgap semiconductor and
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can only absorb about 3–5% of sunlight in the ultraviolet
region, which often prevents efﬁcient applications (Carbonaro et al. ; Nalbandian et al. ). Therefore, the
development of easily recoverable and environmentally
friendly light-driven photocatalysts has become a very
important topic of research.
During recent decades, phthalate esters (PAEs) have
been widely used as excellent plasticizers in the industrial
production of various plastics and also employed as indispensable additives in special paints and adhesives (Castle
et al. ). However, phthalates and their related derivatives are toxic and have potential effects on animal and
human health (Abdul et al. ; Hung et al. ). Recently,
under suspicion of being carcinogens and teratogens, PAEs
have been classiﬁed as top-priority pollutants by the United
States Environmental Protection Agency and the European
Union (Fang et al. ). In particular, dibutyl phthalate
(DBP) is one of the most widely used PAEs and has been
considered as one of the major contaminants due to its
high toxicity and bioaccumulation rate (Matsumoto et al.
). Consequently, the removal of DBP has received
increasing attention and some methods have been developed for the treatment of DBP in water or wastewater
(Bajt et al. ; Psillakis et al. ; Liao et al. ; Shan
et al. ; Wang et al. ). Notably, the degradation of
DBP under visible light with easily available semiconductors
as photocatalysts has gained a lot of interest in recent
years. Shan et al. () showed that g-C3N4/bismuth-based
oxide nanocomposites promoted degradation of DBP
with up to 60% degradation efﬁciency under the irradiation
of a 500 W halogen tungsten lamp. Recently, a (Bi, Cu)
co-doped SrTiO3 nano-composite was fabricated and
introduced for the photodegradation of DBP with a
metal halide lamp ( Jamil et al. ). Very recently,
Akbari-Adergani et al. () developed (Fe, Ag) co-doped
ZnO nanorods and employed them in the degradation of
DBP with a maximum reduction of 95% of DBP at a pH
of 3. Despite some progress having been made, it is still challenging work to make practical applications based on these
processes owing to the difﬁculties and high costs of fabrication, recycling and reusing of these particles. Consequently,
more efﬁcient and easily recyclable photocatalysts for the
degradation of DBP in water would be very desirable.
In previous studies, we successfully fabricated various
α-Fe2O3 nanoparticles, which exhibited enhanced photocatalytic activity for the degradation of DBP with H2O2
under UV light (Liu et al. ). In this work, to further investigate the efﬁcient degradation of DBP and together with
the development of easily recoverable and environmentally
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friendly light-driven photocatalysts, a new magnetically
separable porous TiO2/Ag composite photocatalyst with
magnetic Fe3O4 nanoparticles as the core was prepared
using tetrabutyl titanate as a titanium source. In addition,
magnetic separation is a convenient approach for removing
and recycling magnetic particles/composites, and the process has been used for removing heavy metal ions and
organic pollutants from water (Gawande et al. ; Wu
et al. ; Sharma et al. ). However, to the best of our
knowledge, the direct grafting of Ag co-doped TiO2 nanostructure on porous Fe3O4 particles and its structural
properties and performance in the photocatalytic degradation of dibutyl phthalate have not been studied so far.
This work describes the grafting of Ag co-doped TiO2 nanostructure on silica-modiﬁed porous Fe3O4 particles with a
simple and inexpensive chemical co-precipitation method
for obtaining good photocatalytic degradation of DBP
under visible irradiation with a ﬂuorescent lamp. The degradation efﬁciency could reach 74% and this porous TiO2/Ag
composite photocatalyst could be reused for ﬁve runs without a signiﬁcant loss in efﬁciency. What is more, the
photocatalytic reaction mechanism and degradation process
of the DBP were also investigated.

MATERIALS AND METHODS
Chemicals and materials
Butyl titanate, ethyl orthosilicate, silver nitrate, and hydrogen peroxide (30%) were purchased from Tianjin Damao
Chemical Co., Ltd (Tianjin, China). Dibutyl phthalate was
purchased from Shenyang Licheng Chemical Reagent
Plant (Shenyang, China). The α-Fe2O3 nanoparticles with
different morphologies were prepared according to the processes described in our previous reports (Hu et al. ). All
other solvents and reagents used were puriﬁed by standard
methods.
Measurements
The morphology of samples was analyzed using a JSM-7800F
scanning electron microscope (JEOL, Japan). The absorption
wavelength was measured using a UV–Vis spectrophotometer (TU-1901, Beijing Purkinje General Instrument
Co., Ltd, China). The degradation products of dibutyl
phthalate were analyzed by gas chromatography–mass spectrometry (GC-MS) (HP6890s/HP5973, Perkin-Elmer,
Norwalk, USA). The Brunauer–Emmett–Teller (BET) and
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Barrett–Joyner–Halenda (BJH) methods were used to determine the surface area and pore-size distribution of the
composite materials in N2 adsorption–desorption (Quadrasorbsi, Quantachrome, USA) experiments at 77 K. Other
instruments are listed as follows: thermogravimetric analysis
(TGA) was performed with a Diamond instrument, Fourier
transform infrared (FT-IR) spectra were measured with
samples pressed into KBr pellets on a PerkinElmer Spectrum
One (B) spectrometer, and X-ray diffraction (XRD) patterns
of samples were detected by a Rigaku DX-2500 X-ray
diffractometer.
Synthesis of the magnetic TiO2/Ag composite
photocatalyst
The schematic synthesis of magnetic porous TiO2/Ag
composite photocatalyst (PSCMPs-NH2-TiO2/Ag) is shown
in Figure 1. The silica-coated Fe3O4 magnetic particles
(SCMPs) were synthesized according to the previous
reported procedure (Vojoudi et al. ). The α-Fe3O4 (0.6 g)
and 150 mL of 0.125 mol/L HCl aqueous solution were put
into a 500 mL round-bottomed ﬂask, then ultrasound-irradiated for 10 min. The acidiﬁed Fe3O4 was separated by
magnet and washed with deionized water and absolute ethanol until the hydrochloric acid was removed thoroughly. In a
1 L round-bottomed ﬂask, the pretreated Fe3O4, 480 mL of
ethanol and 120 mL of deionized water were added and stirred vigorously, then 12 mL of aqua ammonia and 1.5 mL of
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tetraethyl orthosilicate (TEOS) were added and the mixture
stirred vigorously for 6 h to obtain the SCMPs.
The obtained SCMPs were dispersed in 240 mL of ethanol, 84 mL of deionized water and 0.06 g CTAB, and then
ultrasound-irradiated for 30 min at room temperature. Subsequently, a magnetic bar and 12 mL of TEOS were
added, and the mixture was stirred at 80  C for 12 h. The
solid material was collected with a magnet and washed
with distilled water and ethanol consecutively. The obtained
solid was dispersed in a mixture of 0.72 g ammonium nitrate
and 120 mL of ethanol solution, and then reﬂuxed at 80  C
for 24 h to remove the CTAB. The solid was collected with
a magnet and washed with distilled water and ethanol,
and then dried in vacuo to obtain the porous silica-coated
Fe3O4 magnetic particles (PSCMPs).
The above-obtained PSCMPs were dispersed in 60 mL
of ethanol and ultrasound-irradiated for 1 h; 0.6 mL of
3-aminopropyl triethoxysilane (APTES) was added and the
mixture was reﬂuxed for 24 h. The naturally cooled reaction
mixture was ultrasonically irradiated for 1 h and centrifuged
to remove the liquor and afford the corresponding amino
functionalized particles (PSCMPs-NH2). The residue solid
PSCMPs-NH2 was washed with anhydrous ethanol, and
then added to 0.16 g AgNO3 and 2 mL of water. The
resulted mixture was stirred for 8 h and then 1.5 mL of tetrabutyl titanate and 2 mL of water were added. This mixture was
stirred for another 6 h, then poured into a 50 mL beaker
and kept stirred until a moist solid formed. Finally, the

Preparation of the magnetic photocatalysts and their application for degradation of dibutyl phthalate.

Downloaded from http://iwaponline.com/wst/article-pdf/81/4/790/693842/wst081040790.pdf
by guest

|

793

Z. Ding et al.

|

Recyclable composite for photodegradation of dibutyl phthalate

Water Science & Technology

|

81.4

|

2020

magnetic TiO2/Ag composite photocatalyst PSCMPs-NH2TiO2/Ag was obtained by drying in an oven at 60–90  C.
Photodegradation experiments
To explore the effect of the optimum morphology and
dosage of the magnetic TiO2/Ag composite photocatalysts,
initial dibutyl phthalate concentration, pH, and H2O2 content on the degradation rate of dibutyl phthalate, a batch
of photodegradation experiments was conducted. The
detailed experimental conditions are shown in Table 1.
The experimental operation was performed as follows:
10–30 mg/L of dibutyl phthalate solution (200 mL),
0–500 mg of magnetic TiO2/Ag composite photocatalyst
and 0–60 μL of the 30% H2O2 were added into a beaker,
and then the pH of the solution was adjusted with dilute
HCl or NaOH solution and monitored with a digital pH
meter. Then, the mixture was stirred in the dark for
30 min to establish an adsorption–desorption equilibrium
between the DBP and the nanocatalysts. Finally, the mixture
was placed in the photoreactor and stirred with a magnetic
bar (300 rpm) for a certain time at about 25  C.
As shown in Figure 2, a daylight ﬂuorescent lamp tube
(25 W, λ ¼ 400–750) was used as the light source, the distance between the light source and the top of the reaction
mixture was about 15 cm, and the device was cooled by
ﬂowing water to ensure that the reaction temperature did
not change.
GC-MS experiments
DBP solution (20 mg/L) was placed in the above-mentioned
photocatalytic reactor, and then 20 mg composite photocatalyst and 45 μL H2O2 were added to the solution for
photocatalytic reaction under irradiation with the ﬂuorescent
lamp. The reaction liquid was centrifuged and the supernatant
was extracted and concentrated before GC-MS analysis.
The GC-MS experimental conditions were selected as follows: high-purity He atmosphere was used as carrier gas
with ﬂow rate of 2 mL/min, and the tail gas ﬂow was set at
Table 1

|

Degradation conditions

DBP concentration

10–30 mg/L (200 L)

Photocatalyst dosage

0–500 mg

30% H2O2 dosage

0–60 μL

pH

5–9

Illumination time

0–3 h
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Reactor of photocatalysis for DBP.

60 mL/min. The column temperature was raised from 100
to 250  C at a rate of 10  C/min, and raised to 270  C at a
rate of 3  C/min. The temperature of the FID detector and
the inlet were set at 300  C and 280  C, and the sample
volume was set to 1 μL with splitless injection.

RESULTS AND DISCUSSION
Preparation and characterization of the magnetic
photocatalyst
The characterization of the magnetic TiO2/Ag composite
photocatalyst was carried out by FT-IR, XRD, TGA, BET,
and scanning electron microscopy (SEM).
Successful functionalization of the PSCMPs-NH2-TiO2/
Ag can be inferred from FT-IR techniques (Figure 3(a)). The
FT-IR spectrum of PSCMPs-NH2-TiO2/Ag showed a peak
around 567 cm1, which was attributed to Fe-O vibration
resulting from the magnetic Fe3O4 core. The peak around
the 1,072 cm1 band was caused by the antisymmetric
stretching frequency of Si-O-Si, which suggested the silica
shells were successfully coated on the magnetic microsphere
surface. The peaks at the 3,426 and 1,629 cm1 bands were
characteristic of the stretching and bending vibrations of
amino groups, meanwhile, absorption bands observed at
2,925 and 2,854 cm1 were attributed to the asymmetrical
stretching of alkyl groups, which veriﬁed the successful
grafting of organic functional groups from APTES onto the
surface of SCMPs. According to the IR spectrum of TiO2,
the peak at the 691 cm1 band could be attributed to a TiO-Ti vibration, which demonstrated the decoration of TiO2.
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(a) FT-IR spectra of Fe3O4, SCMPs, PSCMPs, PSCMPs-NH2 and PSCMPs-NH2-TiO2/Ag; (b) XRD pattern of PSCMPs-NH2-TiO2/Ag; (c) TGA curves of SCMPs, PSCMPs, PSCMPs-NH2
and PSCMPs-NH2-TiO2/Ag; (d) N2 adsorption–desorption isotherms and pore-size distribution of PSCMPs-NH2-TiO2/Ag.

Figure 3(b) shows the XRD patterns of PSCMPs-NH2TiO2/Ag, JCPDS ﬁle of Fe3O4 (PDF#72-2303), SiO2
(PDF#89-0735), TiO2 (PDF#71-11665) and Ag (PDF#658428). The position and relative intensities of peaks in
the XRD pattern of PSCMPs-NH2-TiO2/Ag conform
well with the standard XRD pattern of Fe3O4, indicating
retention of the crystalline cubic spinel structure during
the silicon-covering, amino-functionalized and grafting
Ag co-doped TiO2 processes. Diffraction peaks located
at 2θ ¼ 25.23 , 37.94 , 48.01 , 54.64 and 62.69 were in
accordance with the standard data of anatase-type titanium dioxide. Diffraction peaks located at 2θ ¼ 38.2
and 44.6 were in accordance with the standard data of
Ag. In addition, compared with standard XRD patterns
of SiO2, no high-intensity peaks of SiO2 were observed.
Together with the literature report (Zhou et al. ),
we conceived that the coated silica belonged to amorphous silica.
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The TGA was used to determine the percentage of
organic functional groups chemisorbed onto the surface of
the magnetic particles (Figure 3(c)). The TGA curve of the
PSCMPs-NH2-TiO2/Ag shows a ﬁrst degradation stage
below 150  C, and this may have resulted from the loss of
physically adsorbed and chemisorbed water or solvent on
the surface of the samples (Yu et al. ). The second degradation stage with a weight loss of about 3% from 150 to
600  C was ascribed to decomposition of organic materials
grafting to the PSCMPs-NH2-TiO2/Ag particles.
Textural characteristics of PSCMPs-NH2-TiO2/Ag
including the total pore volumes (Vtotal, cm3·g1), the pore
size (DBJH, nm) and the BET surface area (SBET, m2·g1)
were measured with N2 physisorption techniques at 77 K
(Figure 3(d)). Notably, the isotherms of PSCMPs-NH2TiO2/Ag belonged to the characteristic type IV classiﬁcation,
indicating that this class of NPs exerted a mesoporous
structure. By employing the Barrett–Joyner–Halenda model,
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at the stage of 0 < P/P0 < 0.4, due to the monolayer adsorption, the adsorption amount at this time increased linearly
with the partial pressure. When 0.4 < P/P0 < 0.8, a hysteresis loop appears in the isotherms, and the pore size
distribution diagram shows a unimodal distribution. Therefore, we can infer that PSCMPs-NH2-TiO2/Ag belonged to
a mesoporous structure with an average pore diameter of
3.714 nm, a pore volume of 0.072 cm3/g, and surface area
of 46.179 m2/g.
The SEM images of the synthesized NPs are shown in
Figure 4. Figure 4(a) shows that Fe3O4 nanoparticles are
spherical in shape with an average size of about 150 nm.
Compared with Fe3O4, the surfaces of SCMPs and
PSCMPs-NH2 were still spherical and of nearly uniform
size except appearing to have a slight aggregation. The
SEM image of PSCMPs-NH2-TiO2/Ag demonstrates an
interconnection of the nearly spherical particles with size
in the range of 100–150 nm.
Establishment of the standard curve
A series of standard DBP solutions (10, 15, 20, 25 and
30 mg/L) were scanned at 210–400 nm by UV–Vis spectrophotometer; the characteristic absorption wavelength was
230 nm and the results are provided in Figure 5. From
Figure 5(b) we can infer that the DBP concentration in the
measurement range was linear with the absorbance of the

Figure 4
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SEM images of (a) MPs, (b) SCMPs, (c) PSCMPs-NH2, (d) PSCMPs-NH2-TiO2/Ag.
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solution and the regression equation could be obtained as
A ¼ 0.02c þ 0.008 (where A represents absorbance, c represents the DBP concentration). What is more, the
degradation efﬁciency could be calculated according to the
following equation:
K¼

A0  At
× 100%
A0

where K is the efﬁciency, and A0 and At represent the absorbance of the initial solution and the solution at time t,
respectively.

Effects of degradation conditions on degradation
efﬁciency
Kaneco et al. () have investigated the operational parameters including initial DBP concentration, H2O2 dosage,
TiO2/Ag composite dosage and pH of the degradation solvent, which play critical roles in the photodegradation
process and thus affect the photodegradation efﬁciency.
Therefore, the effects of these parameters were evaluated
in the next investigation and the results are summarized in
Figure 6.
The effect of initial DBP concentration on the degradation rate is depicted in Figure 6(a). Notably, the
degradation rate of DBP increased ﬁrst and then decreased
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(a) Ultraviolet absorption spectrum of DBP solutions; (b) relationship between concentration and absorbance of DBP solution at 230 nm.

Figure 6

|

(a) Effects of initial DBP concentration; (b) effects of H2O2 dosage; (c) effects of photocatalyst dosage; (d) effects of pH on DBP degradation efﬁciency.

with the increase of initial concentration. When the initial
concentration of the solution was 20 mg/L, the highest
degradation rate of DBP was achieved and the maximum
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degradation rate was 61%. Therefore, 20 mg/L of DBP
solution was selected as the initial DBP concentration for
degradation in the further investigation.
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The H2O2 dosage also plays a critical role in the photodegradation process because the photolysis of H2O2 could
generate reactive hydroxyl radicals under light irradiation
to facilitate the degradation. As shown in Figure 6(b), the
degradation rate tended to ﬁrstly increase and then decrease
with the increase of the H2O2 dosage. When the dosage of
the 30% H2O2 was 45 μL, the photocatalytic degradation
rate of DBP was the highest. With continued increase of
H2O2 dosage, the degradation rate decreased. Possible
reasons are described as follows: the H2O2 had a certain
ability to capture •OH and generated the less active radical
species HO2• and inhibited the degradation of DBP (Vidal
et al. ). When the dosage of the 30% H2O2 increased
to more than 45 μL, the inhibition effect became more
obvious. Consequently, the H2O2 dosage was selected as
45 μL in the next study.
The catalyst dosage is also an important parameter in
suspended degradation processes, so it is necessary to
explore the effect of the catalyst dosage on the degradation
efﬁciency of DBP (Figure 6(c)). To determine the optimal
dosage, various amounts of the catalyst was tested. Five
200 mL of 20 mg/L DBP solutions were added with 0.01,
0.02, 0.03, 0.04 and 0.05 g magnetic titanium dioxide/Ag
composite photocatalysts, respectively. The absorbance
was measured every ten minutes in a dark room. Then
45 μL of 30% H2O2 was added and the absorbance of this
mixture was measured every 30 minutes under irradiation
with a ﬂuorescent lamp. When the composite photocatalyst
dosage increased from 0.01 to 0.02 g, the DBP degradation
increased from 60.4% to 72.9%. This might be ascribed to
the amount of photo-generated electron–hole and hydroxyl
radicals increasing when the active sites of the photocatalytic reaction increased. However, the degradation efﬁciency
decreased when the dosage of magnetic titanium dioxide/
Ag increased to 0.03 g or more. This may be caused by
the excess amount of the photocatalyst reducing light penetration and leading to a decrease of the photo-generated
electron–hole pairs.
The pH of the solution is an important factor affecting
the degradation process for the following reasons: (1) Hþ
or OH in the solution can change the electron properties
of photocatalysts, which will affect the adsorption behavior
of organic molecules on the surface of catalysts; (2) the solution pH can affect the decomposition rate of H2O2 and
consequently affect the degradation rate; and (3) different
pH can also lead to structural changes of some organic
compounds, which will change the process of catalytic
degradation. Figure 6(d) shows the degradation efﬁciency
with irradiation time in the pH range of 5–9. The results
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demonstrated that the highest degradation efﬁciency could
be achieved under neutral conditions and the degradation
rate decreased under acidic or alkaline conditions,
especially in alkaline solution. Under alkaline conditions,
H2O2 was unstable and easily decomposed into H2O and
O2, and this affected the generation of •OH, and made the
photocatalytic degradation rate decrease. In acidic and neutral conditions, hydrogen peroxide was relatively stable, but
the generated organic acids (such as benzoic acid, carboxylic acid) and CO2 might suppress the degradation
process. In this regard, a solution pH of 7 was suggested
for DBP degradation, and the degradation rate reached 74%.

The recycling experiment of photodegradation
The photocatalytic efﬁciency of the PSCMPs-NH2-TiO2/Ag
nanoparticles for multiple usages was investigated in the
next investigation and the results are shown in Figure 7.
Due to the possessing of a magnetic Fe3O4 core, the
obtained NPs could be separated conveniently with an
external magnetic bar after the photocatalytic degradation
process, and could be reused directly for the photodegradation of fresh DBP solution. After ﬁve cycles of reuse,
the degradation performance of PSCMPs-NH2-TiO2/Ag
still remained with 70% efﬁciency.

Photocatalytic degradation reaction mechanism
The corresponding degradation intermediates of DBP were
analyzed by GC-MS. We detected degradation intermediates including butyl phthalate, diethyl phthalate, dipropyl

Figure 7
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Reusability of the catalyst.
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phthalate, methyl benzoate, and benzoic acid. The corresponding retention times were 14.965, 11.398, 11.122 and
8.566 min, respectively. Based on the results, the probable
photocatalytic degradation pathway of DBP was proposed
and is depicted in Figure 8. In the reaction, the modiﬁed
titanium dioxide photocatalyst generated the electron–
hole pairs when stimulated by light. Then the generated
electron–hole pairs were transferred to the surface of the
catalyst and combined with OH, O2, H2O, etc. along
with the exchange of energy and charge to form hydroxyl
radicals •OH with strong oxidizability. Subsequently, the
attack of hydroxyl radicals on DBP led to two possible processes. The ﬁrst is that the C-O bond of the DBP was
broken down and formed monobutyl phthalate followed
by the breaking down of another C-O bond to generate
phthalic acid. The further degradation of phthalic acid produced benzoic acid which was degraded to CO2 and H2O
according to previous reports (Liu et al. ). The
second way is that some DBP molecules started to degrade
from the carbon chain at different locations and the main
products such as dipropyl phthalate and diethyl phthalate
appeared. With the continuous action of •OH, methyl benzoate and benzoic acid were generated in the next steps.
Similarly, the benzoic acid was eventually oxidized to
CO2 and H2O by the active hydroxyl radicals.
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CONCLUSIONS
A novel magnetically separable porous TiO2/Ag composite
photocatalyst with magnetic Fe3O4 nanoparticles as the
core was developed and successfully introduced to the
photocatalytic degradation of DBP under visible irradiation
with a ﬂuorescent lamp. A degradation efﬁciency of 74%
was achieved with 0.02 g of photocatalyst in 200 mL of
DBP (20 mg/L) solution under the conditions of pH ¼ 7
and 45 μL of H2O2 dosage. The DBP could be degraded
by the attack of active hydroxyl radicals produced from
this environmentally friendly light-driven photocatalysis
system, and the corresponding intermediates were butyl
phthalate, diethyl phthalate, dipropyl phthalate, methyl
benzoate, and benzoic acid, which could be further oxidized
to CO2 and H2O. These results illustrated that this magnetically separable porous TiO2/Ag composite material has
great potential as a catalyst to eliminate toxic organic pollutants in the environment and provides a means for
photocatalytic degradation of organic toxicants.
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