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ARTICLE DETAILS ABSTRACT

Article History: Polyoxometalates (HsPMo12040,

PMo12)/TiOz nanofiber composites were fabricated by a facile

electrospinning/calcination method. In the structure, PMoi2, as an electron relay, can accept the photo-generated
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electron from the conduction band of TiOz, which promotes the charge separation. Then the electron stored on PMo1z
further transfers to the Cr (VI) in the solution to realize the removal of Cr (VI). The PMo12/Ti0: nanofiber composites
exhibit enhanced photocatalytic performance for photocatalytic reduction Cr (VI), which are expected to be one kind

of new and environmentally friendly catalyst for removal of inorganic pollutants in water.
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1. INTRODUCTION

Over the past few decades, the removal of pollutants from
wastewater has received increasing attention. Especially, Cr(VI) can
affect human physiology, accumulate in food chain and cause severe
health problems ranging from simple skin irritation to lung
carcinoma. Contrarily, Cr (III) is low toxic and an essential human
nutrient, which does not readily migrate in groundwater since it
usually precipitates as hydroxides, oxides, or oxyhydroxides.
Therefore, reduction of Cr(VI) to Cr(IIl) is beneficial for the
environment and is a feasible method for removal of Cr(VI) [1].

Recently, photocatalytic removal of toxic substance in aqueous
suspension of semiconductor has received considerable attention [2-
4]. Among of all the semiconductors, TiO2 has been widely studied
because of its high efficient photocatalytic properties, low cost,
nontoxicity, high oxidation ability, chemical stability. Thus,
photocatalytic reduction of Cr(VI) over TiO: catalysts was
extensively investigated [5-7]. However, the relatively wide band gap
(~3.2 eV) and low photoinduced charge carrier’s separation
efficiency hinder its practical application [8]. Therefore, a great deal
of efforts has been made to improve the catalytic performances of
TiOz-based photocatalysts, particularly for the morphology
engineering, metal or non-metal element doping, sensitizing with dye
molecules or narrow band gap semiconductors [9-14].

Spatially separation of the photogenerated charge carriers is a
feasible approach for enhancing the photocatalytic performance.
Employing an electron scavenger to accept the electron from the
conduction band of TiOz is an effective way to restrain electron-hole
recombination. Polyoxometalates (POMs) are one kind of well-
defined early transition metal-oxygen clusters with variety of
structures, elemental compositions, and functionalities [15,16].
POMs have reversible redox properties, which can undergo a
stepwise multi-electron reversible redox process and their
structures have no significant alteration [17]. They exhibit
semiconductor-like features with regulated electronic

characteristics and energy levels (involving the LUMO and HOMO,
corresponding to the CB and VB of semiconductor), and they have
been considered as a multielectron acceptors and an ideal candidate
to enhance the photocatalytic activity of TiO2 [18-20]. For POMs-TiO2
composites, POMs easily accept photogenerated electron from TiO2
conduction band and electrons are temporarily stored in the form of
reduced POMs and later collected electron can be transfer to
adsorbed substance. Up to now, although there are a few reports on
the high efficiency photodegradation of organic waste, the metal ions
waste removal by POMs-TiOz composite is rarely reported [21,22].

Herein, we fabricated POMs-TiOz composite through a simple and
facile electrospinning/calcination method. Firstly, H3PMo012040
(PMo12) was mixed with polyvinylpyrrolidone (PVP) and titania sol-
gel precursor to form PVP-H3PMo012040-TBT nanofibers by
electrospinning. Then the electrospun nanofibers were thermally
treated at 400-550°C to remove the PVP and transfer TiO: from
amorphous to anatase phase. The obtained PMo12/TiO2 composite
exhibits enhanced photocatalytic activity of Cr(VI) reduction. Finally,
a proper reaction mechanism of PMo12/Ti0z2 working under UV-Vis
light irradiation has been proposed.

2. EXPERIMENTAL
2.1 Materials

All chemicals were wused without any further purification.
Tetrabutyltitanate (TBT), CH3CH:0H, H3PMo012040, C3H,OH,
CH3COOH, K2Crz07 were obtained from Aladdin Chemical Co., Ltd.,
China. Polyvinylpyrrolidone (PVP, Mw =1,300,000) was purchased
from Alfa Aesarinc.

2.2 Preparation of PMo12/TiOz nanofiber composites

0.7 g of PVP was dissolved in 15 mL CHsCH20H with vigorous stirring for
3 h to form a clear solution. 0.2 mL CH3COOH and 0.4 mL TBT were added
with stirring. Then calculated amount of H3PMo012040 (5-30 mol% relative
to TBT) was added into the above solution, and it was stirred to form
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settled solution. The mixed solution was put into a 20 mL plastic syringe
for electrospinning. A 15 kV electrical potential was applied with an
electrode distance of 15 cm, and an aluminum foil was used as collector.
The solution was ejected at a rate of 0.5 mL-h-! controlled with a syringe
pump. The obtained nanofibers were calcined at 400-550°C at a heating
rate of 2°C min-!for 5 h in air to remove PVP. TiOz nanofibers with different
content of PMo1; have been fabricated, which are labelled as PMo12/TiO:
(XY), Where X and Y values represent the molar ratio of PMo12 to TBT and
the calcination temperature, respectively. The pure TiO: nanofibers
without PMoi12 were prepared as the contrast sample.

2.3 Characterization

The morphology of the sample was observed with a scanning
electron microscopy (SEM) on a JEOL JSM 4800F and transmission
electron microscopy (TEM, JEM-2100F operated at 200 kV). The
crystalline structure was recorded by using an X-ray diffractometer
(XRD) (Bruker AXS D8 Focus), using Cu Ka radiation (A= 1.54056 A).
The UV-Vis absorption spectra were measured on a Shimadzu UV
2600 UV/Vis spectrophotometer. X-ray photoelectron spectrum
(XPS) analyses were performed on an ESCALABMKII spectrometer
with an Al-Ka (1486.6 eV) achromatic X-ray source.

2.4 Photocatalytic reduction of Cr (VI)

The photocatalytic activity of the samples was evaluated through the
reduction of K:Cr207 in aqueous solution and isopropanol under a
300 W xenon-lamp at a 20 cm distance. Typically, 20 mg of
photocatalyst was added into an aqueous solution containing 20 mL
of KzCr207 solution (160 ppm) and 20 mL isopropanol. The
suspensions were stirred in the dark for 0.5 h to obtain absorption-
desorption equilibrium between the K2Crz07 and the catalyst surface
before irradiation. Then above mixture was stirred and exposed to
the UV-visible-light irradiation. At given irradiation time intervals,
about 2 mL of suspension was taken out, centrifuged, and measured
at a maximum absorption wavelength of 365 nm.

3. RESULTS AND DISCUSSION

Figure 1c and 1d present the TEM and HRTEM images of
PMo12/Ti02(20%, 450°C). The TEM image of a single PMo12-TiO2
nanofiber is shown in Figure 1c. Some dark nanoparticles are
observed on the fiber, which may relate to molybdenum existence of
PMoi2. Figure 1d shows the HRTEM image, the observed lattice
spacing of 0.35 nm and 0.23 nm corresponds to the (101) and (112)
crystallographic planes of the anatase phase of TiO2 (JCPDS NO. 21-
1272).
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Figure 2: (a) EDX and (b) XPS analysis of PMo12/TiOz nanofiber
composite.
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To further verify the PMo12 existence in the fiber, EDX and XPS
techniques were employed. Figure 2a clearly exhibits signal of Ti, Mo,
0 and P elements in EDX pattern of PMo12/Ti02(20%, 450°C). In
Figure 2b, the Mo 3p, Mo 3d, Ti 2p, C 1s, P 3s and O 1s signals are also
apparently observed from the full scan survey XPS spectrum of
PMo012/Ti02(20%,450°C) nanofibers. Both EDX and XPS results
confirm the formation of PMo12/TiOz composite via this simple
electrospinning/sintering process.

Figure 1: SEM images of PVP/PMo12/TiOz (a) and PMo12/TiOz (b);
TEM photograph of single PMo12/TiOz nanofiber (c); HRTEM image
of PMo12/TiO: fiber(d).
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Figure 3: The XRD patterns of (a) PVP/PMo12/TiOz (20 mol% Mo/ Ti)
calcined at different temperature and (b) PVP/ PMo12/TiO2 with
different molar ratio of PMo12 to TBT calcined at 450°C.

The morphology and microstructure of the PVP/PMo12/TiO2
nanofibers at the optimum electrospinning conditions (20 mol%
Mo/Ti) was illustrated in Figure 1. The nanofibers before calcination
exhibit a relative smooth and uniform surface. The fibers are ca. 260
+ 30 nm in diameter and several micrometers in length (Figure 1a).
After removing PVP at 450¢C, the fibrous morphology of PMo12/TiO2
is well maintained. As shown in Figure 1b, these fibers become
coarse and porous, and the size is reduced to 130+30 nm in diameter.

Figure 3a shows the XRD patterns of PMo12/TiOz samples (20 mol%
Mo/Ti) with different calcination temperature from 400-550°C. The
characteristic diffraction peaks for PMo12/TiOz, 25.3° (101), 37.8°
(004), 48.1° (200), 53.9° (105), 62.7° (204), can be assigned to the
crystalline anatase phase of TiOz (JCPDS no. 21-1272). The XRD peak
at 25.3°turns more and more sharp, indicating the TiO2 nanoparticle
size grows up with the increase of calcining temperature. When the
sample was calcined at 550°C, several new diffraction peaks are
observed. They match with monoclinic phase MoOs (JCPDS no. 05-
0508), indicating that PMo1z are decomposed to MoOs at a higher
temperature. Figure 3b shows the XRD patterns of different molar
ratio of PMoi2 to TBT calcined at 450°C. The (101) diffraction peaks
of TiO2/PMo12 show wider and lower than pure TiOz, indicating the
addition of PMo12 restrain the crystal growth of TiO2. In addition, the
diffraction peaks of MoOs are also observed in the 25 mol% and 30
mol% Mo/Ti samples, indicating that PMo12 can be also decomposed
with a higher amount of PMos..
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Figure 4: Photocatalytic reduction of Cr(VI) by PMo12/TiO2
nanofibers prepared at (a) different temperature (20 mol% Mo/Ti)
and (b) different feed ratio of PMo1z2to TBT (calcined at 450°C)
under UV-Vis light irradiation. C is the concentration of Cr(VI) at
time t, and Cy is the concentration of Cr(VI) solution before light
irradiation.

Figure 4 shows the time profiles of photoreduction of Cr(VI) for
PMo12/TiO2 prepared with different conditions. An obvious
adsorption of Cr(VI) on the nanofibers was observed in all case
before irradiation due to their microporous structure. Under the UV-
Vis light irradiation, 21.14% of Cr(VI) was photoreduced without
catalyst. For pure TiO: nanofibers, about 42.16% of Cr(VI) was
reduced into Cr(III) in 30 min. The photocatalytic performance of the
TiO: has been largely improved by the introduction of PMo1.. When
the molar ratio of PMoiz to TBT is 20%, PMo12/Ti02450°C shows the
best photocatalytic performance. About 96% of 40 mL of 80 ppm
Cr(VI) could be photoreduced by 20 mg of photocatalysts
(PMo012/Ti0220% 450°C) in 30 min. As the calcination temperature
was higher than 450°C or the molar ratio of PMo12 to TBT was higher
than 20%, the polyoxoanion [PMo012040]3 could be decomposed to
MoOs as the results of XRD. Therefore, the photocatalytic
performances of PMo12/Ti02 (20% 500°C), PMo12/Ti02 (20% 550°C),
PMo12/TiO2 (25% 450°C) and PMoi12/TiO2 (30% 450°C) were
decreased.
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Figure 5: (a)Recycling experiment of photoreduction of Cr(VI)
using PMo12/TiO:z as catalyst. (b)Photocatalytic mechanism of
PMo12/TiO2 composite working under UV-Vis light irradiation.

In Figure 5a, the recycling test reveals the photoreduction efficiency
of Cr(VI) shows only a little decrease, which might be attributed to
the loss of sample in the recycling process. The result indicates that
the PMo12/TiO2 possesses excellent durability for the removal of
Cr(VD).

The LUMO and HOMO value of PMosz is 0.73 V and 3.13 V, which can
be calculated via cyclic voltammetry and UV-Vis diffuse reflectance
spectra methods according to our previous report [23]. Hence, the
mechanism of photoreduction of Cr(VI) can be illustrated as Figure
5b. Both of PMoiz and TiOz can be excited under UV-Vis light
irradiation. PMoi12, as an electron acceptor, accepts the
photogenerated electrons from CB of TiO2, promoting the charge
separation. The electrons can store in the PMo12 and then transfer
the Cr(VI) ion to produce Cr(IlI). On the other side, the photo-
generated holes can transfer from PMoi2 to TiOz and further to

participate in the oxidation reaction with i-PrOH. Consequently, the
Cr(VI) was efficiently photoreduced by PMo12/TiO2 composite.

4. CONCLUSIONS

In summary, PMo12/TiOz nanofiber composites were fabricated by a
facile electrospinning/calcination method. These composites exhibit
highly efficient and recyclable photocatalytic performance for the
removal of Cr(VI) under UV-Vis light irradiation, which is ascribed to
the effective separation of photogenerated charge carries by the
formation of heterojunction between PMoi2 and TiO2. This work may
provide some new ideas for the design and preparation of new
POMs-based photocatalysts with highly efficient photocatalytic
performance.
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