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a b s t r a c t

A novel carbon-modified bismuth titanate Bi4Ti3O12 (C/BTO) nanocomposites were successfully synthe-
sized by a facile co-precipitation method. The resulted samples were characterized by X-ray diffraction
(XRD), Fourier transform infrared (FT-IR) spectroscopy, scanning electron microscopy (SEM), X-ray
photoelectron spectroscopic (XPS), N2 adsorption–desorption and UV–vis diffuse reflectance spectro-
scopy (UV–vis DRS). The photocatalytic activities of the samples were measured through the photo-
catalytic degradation of methyl orange (MO) aqueous solution under sunlight. Compared with com-
mercial P25, the resulted C/BTO showed an excellent photocatalytic activity. The mechanism for the
improved photocatalytic activity was finally proposed.

& 2016 Elsevier B.V. All rights reserved.

1. Introduction

As a new water treatment method, the photocatalytic tech-
nology has attracted special attention due to its potential appli-
cation in the degradation of organic wastewater [1]. With the
properties of stability, nontoxicity, low cost, high photocatalytic
activity and so on, TiO2 as a photocatalyst has been most widely
investigated. However, the wide gap (3.0–3.2 eV) makes TiO2 only
be excited under UV light irradiation that is about 4% of solar light,
which limits its practical application. To take the advantage of the
visible light which is the most composition of solar energy (nearly
45%), exploring new visible light catalysts has become a focus in
the photocatalytic field [2–4].

Recently, the novel Bi-based semiconductor materials have
drawn greater concern for their high photocatalytic activity [5].
The hybridized 6 s2 of Bi3þ and O 2p make a new valence band
which can reduce the band gap, therefore, most of Bi3þ – con-
taining semiconductor compounds have a narrow band gap and
good photocatalytic activity [6]. Bismuth titanate (Bi4Ti3O12, ab-
breviated as BTO), a kind of layered perovskite compounds, is
composed of alternatively stacking of (Bi2O2)2þ layers and per-
ovskite-like (Bi2Ti3O10)2� blocks along the c axis. It has been

widely explored for potential applications in optical displays, fer-
roelectric, and optoelectronic devices [7]. In recent years, Bi4Ti3O12

has been found to possess the ability of degrading organic pollu-
tants and splitting water [8,9]. In addition, it has a high photo-
catalytic activity under visible-light [7]. Many fabrication techni-
ques of crystalline Bi4Ti3O12 have been reported, such as chemical
solution decomposition, solid-state reaction, hydrothermal
synthesis, and so on [10]. However, Bi4Ti3O12 exhibits a low cap-
ability for the separation of electron-hole pairs and the photo-
catalytic activity of pure Bi4Ti3O12 is still far from practical appli-
cation [11].

Studies have shown that carbon with the wide visible light
absorption at a wavelength of 400–800 nm can enhance the
photocatalytic activity and its high adsorption of organic pollu-
tants can facilitate the interface reaction of photocatalysis [12]. For
example, Ouyang et al. synthesized carbon doped ZnO composites
with a porous structure which exhibited an excellent photo-
catalytic activity of RhB under solar-light irradiation [13]. Xiong
et al. reported an in situ synthesis of C-doped (BiO)2CO3 hier-
archical microspheres which exhibited an enhanced visible light
photocatalytic activity toward the removal of NO compared with
the undoped (BiO)2CO3, C-doped TiO2 and N-doped (BiO)2CO3 [14].
Using hydrothermal and calcination method, Li et al. synthesized
C-Bi2WO6 which could totally decompose RhB in 4 h under visible
light [15].
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Herein, we report a facile synthesis of C/BTO and its photo-
catalytic activity for the degradation of MO under nature sunlight.
The structure, morphology, and other characteristics are in-
vestigated in details. In addition, the degradation mechanism is
also discussed.

2. Experimental

All the chemicals were of analytical grade and used as received
without further purification. Detailed synthesis process, char-
acterization means and photocatalytic evaluation were given in
the Supplementary information (SI).

3. Results and discussion

The layered structure and crystallinity of the resulting samples
(BTO, Hþ/BTO and C/BTO) were characterized by XRD. As shown in
Fig. 1a, the XRD pattern of the as-prepared BTO matches well with
the published data (JCPDS no. 35-0795) and the layered structure
of BTO is clearly visible (Fig. 1c). After acidification and C mod-
ification, the characteristic (060) and (080) diffraction peaks of
layered structure are disappeared, while the intensity of other
main peaks is significantly reduced, indicating that the original
ordered layered structure has been destroyed. From SEM image in
Fig. 1d, we can see that C/BTO has no obvious ordered layered
structure. Fig. 1b displays the FT-IR spectra of BTO, Hþ/BTO and
C/BTO. The bands at 790 cm�1 and 658 cm�1 in BTO are attributed

to the stretching vibrations of Bi-O and Ti-O [6]. After acidification
and C modification, the intensity and peak width of these two
peaks are changed, but the basic characteristics are remained. It
demonstrates that the basic structure is not changed significantly,
being consistent with the XRD results. The band at 1380 cm�1 in
Hþ/BTO is attributed to the vibration of NO bond which may be
derived from the surface adsorbed NO3

� . The peaks located at
�1633 and 1693 cm�1 may belong to the characteristic absorp-
tions of “C¼O” [16], while the band at 1425 cm�1 is ascribed to
“–COO�” [17]. Moreover, the surface chemical composition of
C/BTO was also investigated by XPS analysis (Fig. S1). The survey
spectrum shows the presence of Bi, Ti, O and C without other
elements detected, and the C 1s spectrum shows two peaks. The
peak at 284.2 eV may be assigned to the C-C bond with sp2 orbital,
while the peak at 288.1 eV belongs to C¼O bond of carbonate
species [17]. All these evidence that C modification is successful.
Accordingly, we suspect that the ethanol was oxidized by nitric
acid to be carbonyl-containing species coated onto the surfaces of
BTO.

The nitrogen adsorption-desorption isotherms are shown in
Fig. 2a. Both Hþ/BTO and C/BTO present an obvious H3 hysteresis
loop, indicating the presence of slit-like pore structure due to the
stacking of plate-like particles [18]. By comparison, BTO has no
apparent hysteresis loop, revealing that the sample is mainly non-
porous. The BET surface area of BTO is only 8.9 m2/g. After acid-
ification and C modification, the BET surface areas of Hþ/BTO and
C/BTO have greatly increased to 113.3 and 107.9 m2/g, respectively.

The optical absorbance of the obtained samples was measured
by UV–visible diffuse reflectance spectra. As shown in Fig. 2b, BTO

Fig. 1. XRD patterns (a) and FTIR spectra (b) of the relevant samples; SEM images of BTO (c) and C/BTO (d).
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