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ABSTRACT

In this work, mesoporous titanium dioxide sphere Mp-TiO,/SnS, composites have been synthesized for the
photodegradation of formaldehyde with fluorescent lamp. SnS, nanosheets/nanoparticles were deposited on the
surface of Mp-TiO, sphere uniformly through an in-situ method. The morphology of SnS, can be modulated
through adjusting the Sn/Ti molar ratio. SnS, nanosheet turned into nanoparticle when the Sn/Ti molar ratio
changed from 0.05 and 0.10 to 0.15 and 0.20. The physical and chemical properties of as-prepared composite
catalysts were thoroughly studied by X-ray diffraction (XRD), Raman, scanning electron microscope (SEM),
Brunauer Emmett Teller (BET), energy-dispersive X-ray spectroscopy (EDS), photoluminescence (PL) and UV-vis
spectrophotometer. The photocatalytic performance of Mp-TiO,/SnS, in the degradation of HCHO was assessed
in a smog chamber with the irradiation of fluorescent light. A degradation efficiency of about 63% was achieved
when the molar ratio of SnS,/TiO, was 0.10. Through extending the light absorption range and hindering the
recombination of photo-generated electron-hole pairs, the combination with SnS, enabled the fabrication of
hybrid photocatalysts with high photocatalytic activity and long-term stability.

1. Introduction

Recently, air pollution has drawn a lot of attention due to its harm
to human health. As one of the primary volatile organic compounds
(VOGCs) in indoor environment, formaldehyde (HCHO), which is
emitted by the decoration materials and wooden furnishing materials,
could cause nasal tumors, irritation of the eye mucosa, respiratory tract
and skin irritation [1-7]. Photocatalysis technology, as an effective and
low-cost ‘green’ method, provides a way to decompose air pollutants
with low concentrations under light [8,9]. TiO, is one of the most
promising materials for the photocatalytic decomposition of gaseous
organic pollutants because of its high chemical stability, non-toxicity
and low cost [10-14]. However, as an indirect bandgap semiconductor,
the fast recombination of photo-generated electron-hole pairs in pure
TiO5 held back the generation of active radicals and the effective de-
gradation of gaseous contaminants, which limited the application of
TiO, in the field of indoor air purification [15-18].

Decorating the surface of TiO, nanoparticles with metal sulfide
semiconductors has been regarded as an effective way for solving the
above mentioned issues. The relative narrow band gap of sulfides
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enabled the utilization of visible light while the heterojunction formed
on the interface between TiO, and sulfides promoted the separation of
photon-generated charge carriers [19, 20]. Among them, CdS [21],
Zn,Cd;,S [22] and PbS [23] have been applied in the photocatalytic
degradation of organic dyes and water splitting. However, the large-
scale application of CdS and PbS were still limited due to their high
toxicity. By contrast, SnS, has attracted a wide attention as a nontoxic,
chemically stable, inexpensive and earth-abundant material, with a
band gap within the range of 2.08-2.44 eV. Through a simple hydro-
thermal treatment, Zhang et al. deposited ultrathin hexagonal SnS,
nanosheets on the electrospun TiO, nanofibers for the effective de-
gradation of organic dyes (RhB and MO) and phenols (4-NP) [24].
Christoforidis et al. synthesized SnS, nanosheet-decorated TiO, anatase
nanofibers for the highly-efficient degradation of gas-phase diethyl-
sulfide [25]. However, to our best knowledge, no report is available on
the potential application of TiO,/SnS, compound materials in indoor
air purification under the regular lower power indoor fluorescent lamp.

In addition, the factors that influence the photocatalytic reactions
such as the morphology of TiO,, have been widely researched [26-28].
Mesoporous titanium dioxide sphere (Mp-TiO,) with a homogeneous
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wormhole-like mesostructure has been synthesized in this work. The
mesoporous structure with a large specific surface area is a considerable
factor to provide more active sites via the means of boosting up the
adsorption property. The multiple light reflections happened between
the stacking spaces of TiO, spheres could further enhance its light
harvesting efficiency. SnS, nanostructures were then in situ deposited
on the Mp-TiO, through a hydrothermal process to get Mp-TiO»/SnS,
compounds. Herein, 2.5 ppm formaldehyde (HCHO) and two 20w
fluorescent lamps were used to simulate the indoor pollutant and in-
door lighting sources, respectively. The highest photocatalytic de-
gradation efficiency of 63% was achieved while applying Mp-TiO5/SnS,
compounds with the nominal Sn/Ti molar ratio of 0.10 as the photo-
catalyst. Furthermore, composite catalysts exerted an excellent photo-
catalytic stability in the indoor environment. These results greatly
promoted the practical application of TiO,-based photocatalytic mate-
rials in indoor air purification.

2. Experimental section
2.1. Preparation of mesoporous TiO, sphere powder

Mp-TiO, sphere with high specific surface area was prepared with a
two-step method reported previously [29]. In a typical synthesis pro-
cess, 7.95 g hexadecylamine (HDA) was dissolved in 800 ml anhydrous
ethanol. 3.2 ml KCI solution (0.1 M) and 3.2 ml deionized water were
then added to the solution. After the addition of 18 ml titanium(IV)
isopropoxide (TIP), a milky white suspension was obtained under vig-
orous stirring. This suspension was aged for 16 h at room temperature
and then filtered to separate the precipitate. The precipitate was then
washed with ethanol for three times and dried in air at room tem-
perature. 1.6 g as-prepared powder was treated through a solvothermal
process at 160 °C for 16 h in the teflon-lined autoclave (50 ml) with the
mixture of 20 ml ethanol, 10 ml deionized water and 0.5 ml 28% am-
monia solution. Then, the mixed suspension was sealed within the re-
actor and aged at 160 °C for 16 h to make the TiO, powder crystallized.
The resultant powders were calcined at 500 °C for 2 h in air to eliminate
organic components and obtain mesoporous TiOs.

2.2. Synthesis of Mp-TiO,/SnS,

Mp-TiO,/SnS, was prepared by a hydrothermal method. Stannic
chloride (SnCl;) and thioacetamide (TAA) were dissolved in 50 ml
deionized water. The Mp-TiO, powder was dispersed in the above so-
lution and sonicated for 20 min. Then, the milky white suspension was
sealed in a 100 mL teflon-lined autoclave and heated at 150 °C for 15 h.
The resulting composite powder was washed by water and ethanol for
several times and then calcined at 180 °C for 3h in argon atmosphere
(purity:99.999%). Herein, the Mp-TiO,/SnS, composites with different
Sn/Ti molar ratios of 0.05, 0.10, 0.15 and 0.20 (samples named as Sn
(0.05)/Ti, Sn(0.10)/Ti, Sn(0.15)/Ti and Sn(0.20)/Ti, respectively) were
synthesized with the above method. The weight of TiO, powder re-
mained unchanged in all samples, while the concentration of SnCl,
varied to achieve a nominal Sn/Ti molar ratio of 0.05, 0.10, 0.15 and
0.20. The molar ratio of SnCl4 and TAA was kept constant at 0.5 in all
samples. 0.1 g catalyst was coated on a 15cm*7.5cm glass substrate
through the ‘blade coating’ method for the following evaluation of the
photocatalytic activity.

2.3. Materials characterizations

The crystalline structure of the catalysts was measured by wide-
angle X-ray diffractometer (XRD; Ultima IV 2036E102, Rigaku
Corporation, Japan) using Cu Ka radiation at 50 Hz. The scan rate was
5°/min. Raman spectroscopy was carried out on the DXR Raman
Microscope (ThermoFisher Scientific, USA). Photoluminescence spectra
(PL) of samples were recorded using a fluorescent spectroscope (F-
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4600, Hitachi, Japan). The morphology and microstructure of the as-
prepared Mp-TiO./SnS, was characterized by scanning electron mi-
croscope (SEM, SU8220, Hitachi, Japan). The adsorption properties of
catalysts were measured by Brunauer, Emmett, and Teller (BET) ni-
trogen sorption surface area measurements, using an analyzer
(Micromeritics ASAP 3000 system, Micromeritics, USA). The samples
were degassed at 80 °C for 6 h below 26.7 Pa before the measurements.
The optical properties of Mp-TiO,/SnS, films were investigated by a
UV-vis spectrophotometer (Lambda 950 UV/Vis spectrometer, Perkin
Elmer, USA). Elemental analysis of the catalysts was carried out by an
Energy Dispersive Spectrometer (EDS) (JXA-8100, JEOL, Japan).

2.4. Evaluation of photocatalytic activity

The catalytic activities of Mp-TiO,/SnS, films were monitored by
the degradation of formaldehyde (HCHO) under visible light (2*20 w
fluorescent lamps purchased from Philips). The catalysts were illumi-
nated by two 20 w fluorescent lamps vertically, and the distance be-
tween the catalyst and lamps was 15 cm. The concentration of HCHO
was tested by 500 Series Intelligent Gas Detector (purchased from
AeroQual Company) at room temperature. The relative humidity was
controlled at 50% = 5% in the whole photocatalytic process. The
photocatalytic experiment was carried out as follows: (1) A clean plastic
bag used as smog chamber was first sealed and vacuumed after putting
the gas detector and catalyst inside; (2) Formaldehyde and clean air
were added into the bag and then the operating system was kept in the
dark for 20 min to make the mixed gas reaching a stable state; (3) The
photocatalytic reaction was carried out under visible light irradiation.
The photocatalytic degradation rate of HCHO was denoted as C/Co,
where C is the HCHO concentration at a given time, and C is the initial
concentration of HCHO. The volume of the smog chamber is 40 L.

3. Results and discussion

The XRD patterns of pure Mp-TiO, and Mp-TiO,/SnS, powders with
different Sn/Ti ratios are exhibited in Fig. 1. The main diffraction peaks
at 25.28°%, 37.80°, 48.05°, 53.89°, 55.06° and 62.69° could be assigned to
the (101), (004), (200), (105), (211) and (204) crystal facets of anatase
TiO, (PDF#21-1272), respectively. The diffraction peaks of as-de-
posited SnS, at 26 = 15.03°, 28.20° and 49.96° could be indexed to the
(001), (100) and (110) crystal faces of berndtite-2 T SnS, (PDF#23-
0677), respectively. Moreover, the peaks of Mp-TiO, in the XRD pattern
of Mp-TiO,/SnS, composite powders with different molar ratio of Sn/Ti
did not differ from pure Mp-TiO, powder, which demonstrated that the
crystal structure of Mp-TiO, remained stable during the in-situ

m :anatase TiO2 e :berndtite SnS2
~ S ~ N DA A ~
~ 1 g ¥z £ SS& 3
D Ay = TR N
% (=4
A (d)
- ASan e
=
g A A ©)
- L
| S VN U
(a)
10 20 30 40 50 60 70
20 degree

Fig. 1. XRD patterns of pure Mp-TiO, and Mp-TiO,/SnS, composite films with
the different ratios of Sn/Ti (a: Mp-TiO,; b: Sn(0.05)/Ti; c: Sn(0.10)/Ti; d: Sn
(0.15)/Ti; e: Sn(0.20)/Ti).
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Fig. 2. SEM images of Mp-TiO, and Mp-TiO,/SnS, (a: Mp-TiO,; b: Sn(0.05)/Ti; ¢: Sn(0.10)/Ti; d: Sn(0.20)/Ti).

synthesis of SnS,. Fig. S1 shows the Raman spectra of all the as-pre-
pared samples. Raman spectra confirmed the presence of SnS, with a
weak peak of 314.7 cm ™! [30]. The peaks at 150.8 cm ™ *, 398.6 cm ™ ?,
517.2cm ™!, and 639.7 cm ™! for catalysts were attributed to the Egl,
Blg, Blg + Alg, and Eg2 vibration modes of anatase TiO, symmetries
[31,32].

The morphology of Mp-TiO, and Mp-TiO,/SnS, were observed by
scanning electron microscopy (SEM) (Fig. 2). As shown by the SEM
image of pure MP-TiO, (Fig. 2a), the TiO, spheres with an average
diameter of 1.1-1.3 pm comprise a great amount of TiO, nano-particles.
Their unique homogeneous wormhole-like mesostructure [29] provides
them with more active sites in photocatalytic reaction. After the hy-
drothermal process, the Mp-TiO, spheres were surrounded uniformly
by SnS, (Fig. 2b-d and Fig.S2). When Sn/Ti molar ratios were 0.05 and
0.10, the SnS, nanosheets with a thickness of 10-20 nm (Fig.S3) were
embedded in the Mp-TiO, spheres (Fig. 2b and c). With the molar ratio
of Sn gradually increased, the as-prepared SnS, turned into nano-
particle and closely packed on the surface of Mp-TiO, (Fig.2d and
Fig.S2) spheres. The change in the morphology of SnS, could be at-
tributed to the different pH values of the synthesis system. With the
increase of SnCl,'5H,0 and TAA addition, the pH values of the solution
decreased from 2.2, 1.9, 1.7 to 1.4, respectively. As reported previously,
SnS, nanoparticles are more likely to form under strong acidic condi-
tions [33]. Instead of growing on the surface of TiO, nanoparticles
through heterogeneous nucleation, the high concentration of Sn**
enabled the homogeneous nucleation of SnS, nanoparticles. Nano-
particles formed in the solution deposited on the surface of TiO, par-
ticles and formed Mp-TiO,/SnS, particles with SnS, nanoparticles clo-
sely packed on the surface. The Schematic illustration of the
preparation process of Mp-TiO,/SnS, composites is shown in Scheme 1.

Nitrogen adsorption-desorption isotherms and the corresponding
pore size distributions of the catalysts are shown in Fig. 3. The BET
results indicated that the as-prepared anatase TiO, microspheres have a
mesoporous structure with an average pore size of about 14.2nm.
Compared with pure Mp-TiO,, the surface area of the compound
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Scheme 1. Schematic illustration of the preparation process of Mp-TiO,/SnS,
composites.

materials increased after loading SnS». The pore volume and the pore
size of Mp-TiO,/SnS, decreased as the Sn/Ti molar ratio increased,
which indicated the blocking of pores by the growth of SnS, nano-
particles (Table 1).

The absorption spectra of Mp-TiO, and as-prepared Mp-TiO,/SnS,
composite films in the wavelength range of 350-800 nm are shown in
Fig. 4a. Compared with pure Mp-TiO,, the combination with SnS, led to
a visible red shift in the absorption edge of the hybrid material, which
indicated that the coupling with SnS, could effectively increase the
light harvesting ability of Mp-TiO, catalysts due to the smaller bandgap
of SnS,. In particular, Sn(0.10)/Ti exhibited the most obvious red shift
among all the samples. In order to get a clear view of the changes in the
light absorption properties of hybrid material with different Sn/Ti
molar ratios, the indirect optical band gap (Eg) of Mp-TiO,/SnS,
composites was calculated according to the following equation
[34-36]:

(ahv)? = A(hv—Eg) m
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Fig. 3. Nitrogen adsorption-desorption isotherms and the corresponding pore
size distribution curves.

Table 1
Physical properties of the photocatalysts.

Sample Sger (m? g D) Vpore (cm® g D) Pore size (nm)
Mp-TiO» 71.3 0.31 14.3
Sn(0.05)/Ti 72.0 0.30 14.4
Sn(0.10)/Ti 78.4 0.24 13.3
Sn(0.15)/Ti 74.7 0.24 135
Sn(0.20)/Ti 79.0 0.22 11.7

Where h is the Planck constant, v is the photon frequency, a is the
absorption coefficient, Eg is the band gap and A is a constant. This
means that a plot of (ahv)? versus hv should be a straight line with an
intercept on the hv axis equal to Eg.

Fig. 4b gives the plot of (ahv)? vs. hy, which shows the indirect band
gap values of as-prepared catalysts calculated based on Eq. (1). The Eg
values of Mp-TiO,, Sn(0.05)/Ti, Sn(0.10)/Ti, Sn(0.15)/Ti and Sn(0.20)/
Ti were 3.11eV, 2.67 eV, 2.24eV, 2.45eV and 2.35eV, respectively
(Table 2). The optimal light absorption performance for the effective
utilization of visible light in the solar spectrum was obtained when Sn/
Ti molar ratio reached 0.10 due to its small band gap. The high light-
harvesting capability of Sn(0.10)/Ti would significantly improve its
photocatalytic performance in the photodegradation of gaseous pollu-
tants.

Photoluminescence spectra (PL) were used to observe the separation
efficiency of the charge carriers of pure Mp-TiO, and Mp-TiO5/SnS,
compound catalysts. As shown in Fig. 5, the PL intensity of Mp-TiOy/
SnS, was much lower than that of pure Mp-TiO, in the wavelength
range around 400 nm. This result manifested that the electron-hole
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Table 2
Band-gap values of Mp-TiO, and Mp-TiO,/SnS, composite films.

Sample Mp-TiO,  Sn(0.05)/Ti  Sn(0.10)/Ti  Sn(0.15)/Ti  Sn(0.20)/Ti
Bandgap/eV  3.10 2.67 2.24 2.45 2.35
—Mp-TiO,

. ——Sn(0.05)/Ti
= — Sn(0.10)/Ti
= ——Sn(0.15)/Ti
3 — Sn(0.20)/Ti
g
=
]

-
A
390 395 400 405 410
Wavelength/nm

Fig. 5. Photoluminescence spectra (PL) of pure Mp-TiO, and Mp-TiO,/SnS,.

recombination was hindered by the formation of the heterostructure
between TiO, and SnS, in Mp-TiO,/SnS, compounds. Furthermore, Sn
(0.05)/Ti had the minimum PL peak intensity in all samples, which
illustrated that a small amount of SnS, modification can effectively
promote the separation of electron and hole. With increasing SnS,
loading, a portion of SnS, stacked together without direct contact with
Mp-TiO,, the separation of electron hole pairs would be restricted,
which was inconsistent with the previous publication [37].

A smog chamber was used in this study to investigate the photo-
catalytic activity of the Mp-TiO,/SnS, composite catalysts with a
fluorescence light as the light source. HCHO injected into the smog
chamber with the concentration of 2.5 ppm was used to simulate the
indoor low concentration pollutants. Fig. 6 gives the photocatalytic
decomposition curves of formaldehyde in the presence of Mp-TiO5 or
Mp-TiO,/SnS, composite films under the illumination of a low power
light (40 W). The C/Cq curve of Mp-TiO, got increased from 0 min to
50 min. The most probable cause is that the photocatalytic performance
of Mp-TiO, under the used 2*20 w fluorescent lamps was not good
enough to decompose the adsorbed gas molecules in time. Some ad-
sorbed HCHO molecules would evaporate to the gas bag due to the
increased temperature caused by the heat of the fluorescent lamps,
which led to this phenomenon. Compared with pure Mp-TiO,, most Mp-
TiO5/SnS, compound catalysts showed great advantages in the
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Fig. 4. (a): UV-vis absorption spectra of Mp-TiO, and as-prepared Mp-TiO,/SnS, composite films with different Sn/Ti molar ratio; (b): band gap energy of Mp-TiO,

and as-prepared Mp-TiO,/SnS, composite films with different Sn/Ti molar ratio.
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Fig. 6. Photocatalytic decomposition curves of HCHO in the presence of TiO,/
SnS, under indoor light.

degradation of HCHO, with more than 63% HCHO being removed in
300 min when the Sn/Ti molar ratio was 0.10. On the one hand, as
shown in Fig. 2, for Mp-TiO,/SnS, composite catalysts with a Sn/Ti
molar ratio of 0.05, only a small amount of SnS, nanosheets was ob-
served on the surface of Mp-TiO, nanospheres. Meanwhile, the redshift
of the absorption edge of Sn(0.05)/Ti was almost neglectable in the
UV-vis absorption spectra. Those results mean that if the content of
SnS, is too low, only a small amount of electron-hole pairs can be
generated under visible light irradiation. Therefore, although compo-
site catalyst had the lowest recombination rate of electron-hole-hairs,
the photocatalytic efficiency of Sn(0.05)/Ti remained low; in addition,
when the precipitated amount of SnS, was increasing, the Mp-TiO,
surface would be coated with a layer of dense nano-sized SnS, particles,
which result in a decrease of pore volume and pore size of the com-
pound catalysts. Therefore, surface activity sites decrease because of a
fraction of SnS, growing in the pore of Mp-TiO,. Meanwhile, excessive
amounts of SnS, stacked together without direct contact with Mp-TiO»,
which restrained the separation of electron hole pairs. All these reasons
may explain why the efficiency of Sn(0.10)/Ti was higher than in case
of other catalysts. The band diagram of Mp-TiO,/SnS, composite is
shown in Scheme 2. According to the reported literature, the potential
reaction processes are as follows [38]:

TiO,/SnS, e~ + h* @
h* + H,0 — «OH + H* 3
e+ 0, > <05 4
HCHO + «OH — «CHO + H,0 (5)
«CHO + +OH — HCOOH (6)
\CHO + +05 — HCO; 5 HCooOH ™™ Heoon %)
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Fig. 7. Repeatability tests of Sn(0.10)/Ti.

Table 3

Sn/Ti molar ratio of Sn(0.10)/Ti for the different storage period in the air.
Storage period fresh sample 2 months 4 months 6 months
Sn/Ti 0.096 0.087 0.084 0.085

-H" nt
HCOOH — HCOO~ — H* + «+CO5 (8)
_ [O],+0H,h*
«CO; — CO, 9

The outstanding photocatalytic performance of Mp-TiO,/SnS,
composite photocatalysts under low power indoors light could be at-
tributed to the enhanced light harvesting efficiency caused by the
multiple reflection of incident light between Mp-TiO, and the effective
separation of electron-hole pairs due to the formation of heterojunction
structures As reported previously [39], the multiple light reflections
existed between cambered surfaces of ‘yolk’ and ‘shell’. In the ‘yolk-
shell’ structure TiO, could effectively enhance its light harvesting ca-
pacity. Similar to the ‘yolk-shell’ structure, the heterojunction structure
formed by SnS, nanosheets and Mp-TiO, spheres in our work could also
improve the light utilization efficiency of hybrid photocatalysts through
extending the light path (Scheme 2). When light reached the surface of
Mp-TiO, spheres, attenuation would happen due to the absorption of
light by SnS,. The unabsorbed light would then be reflected by TiO,
spheres and resorbed by SnS,, which enabled the full utilization of the
incident light and the high light-harvesting efficiency of composite
photocatalysts. Besides, the combination with SnS, could also promote
the separation of electron and hole due to the differences in the band
structures of TiO, and SnS, [40]. Compared to the reported works
[25,41-43], the light harvesting efficiency of the composite materials
was enhanced due to the diffuse reflection of incident light on the rough
surface of Mp-TiO, effectively. In addition, mesoporous TiO, spheres
had a unique homogeneous wormhole-like mesostructure, which was

il c+0, Fluorescent
fc.\ lights
CB
¢ sns,
h*h*h* ht*h+
JL/\ o
h*+ H,0

Scheme 2. The multiple light reflections mechanism and the band diagram of Mp-TiO,/SnS, composite.
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considered to provide more active sites in the photocatalytic process.
Meanwhile, the degradation efficiency of Sn(0.10)/Ti had been proved
to decrease only 10% in a long-term study for half a year, which can
support the long-term applications of Mp-TiO»/SnS, composite. The
result that Mp-TiO,/SnS, compound photocatalyst shows outstanding
performance under low power indoors light, would greatly promote the
practical application of TiO,-based photocatalytic materials for the in-
door air purification.

The chemical stability of the photocatalysts is very important for
practical applications. In the purpose of evaluating the stability of Sn
(0.10)/Ti in the photocatalytic decomposition of HCHO, the photo-
catalytic performance of Sn(0.10)/Ti was measured repeatedly after
being exposed to the air for 2, 4 and 6 months. At the end of each test,
the catalyst was rinsed with ionized water and dried at room tem-
perature. As shown in Fig. 7, the photodegradation efficiency of Sn
(0.10)/Ti decreased by about 10% in the first 2 months. Interestingly,
the efficiency remained stable at about 55% in the following four
months. In the purpose of understanding the changes in the photo-
catalytic performance of Mp-TiO,/SnS, composite photocatalysts, the
quantitative changes of Sn, Ti elements of Sn(0.10)/Ti sample during
the aging period were determined by Energy-Dispersive Spectrometer
(EDS). As shown in Table 3 (the EDS images are shown in Fig.S4), the
Sn/Ti molar ratio of the fresh Sn(0.10)/Ti was 0.096, which is very
close to the theoretical value. After being aged for 2 months, this ratio
went down from 0.096 to 0.087. Interestingly, the Sn/Ti molar ratio
remained relatively stable for longer storage time. Hence, the lack of
SnS, was considered as the main reason for the attenuation of the
catalytic performance in the first 2 months. Meanwhile, it also con-
firmed the excellent stability of Sn(0.10)/Ti in the long-term practical
applications.

4. Conclusion

Herein, Mp-TiO,/SnS, composite photocatalysts were synthesized
through an in-situ hydrothermal process. By controlling the con-
centration of SnCly in the reaction system, SnS, nanometer materials
could be uniformly deposited onto the surface of Mp-TiO, spheres. MP-
TiO,/SnS, composite spheres with a rough surface and a heterojunction
structure could be achieved. The modification of Mp-TiO, with SnS,
nanosheets could not only broaden the light absorption range of the
photocatalysts, but also enabled the effective separation of photo-in-
duced electron-hole pairs, which significantly improved the perfor-
mance of composite photocatalysts. Due to the increase of light har-
vesting capacity and the decrease of the recombination rate of photo-
generated electron hole pairs, the as-prepared Mp-TiO,/SnS, nano-
composites exhibited excellent photocatalytic activity in the decom-
position of HCHO under low power indoor light irradiation. This is
meaningful for the practical application of TiO,-based photocatalysts in
the indoor air purification field. An optimal degradation efficiency was
achieved when the molar ratio of SnS,/TiO5 was 0.10. In addition, Mp-
TiO5/SnS, exhibited excellent long-term chemical stability in the air,
which is very beneficial to the long-term applications of photocatalysts.
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