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In this paper, the synthesis of quartz sand coated with a hierarchical porous TiO,
composite is reported. The synthesis was realized by the hydrolysis of tetrabutyl orthoti-
tanate on natural quartz sand and followed by hydrothermal treatment. The phase compo-
sition of the as-prepared composites was studied by interpretation of X-ray diffraction
patterns. The morphology of the composites was analyzed using a scanning electron
microscope. The pore-size distribution and specific surface area of the composites were char-
acterized by the N, adsorption-desorption test. The photocatalytic activity of the composites
was evaluated by the photocatalytic decomposition of gaseous HCHO under UV irradiation. The
results show that the hierarchical macro-/mesopore structure plays a key role in enhancing the
photocatalytic activity of the composite, which can reach 79.2 % hl. After 5 repeated tests,
the composites still retained high photocatalytic activity.

Keywords: quartz sand, hierarchically porous structure, photocatalytic activity.

Hocaigmxenns MiKpocTpPYKTYpH i GoToKaTaJiTHYHOI AKTHBHOCTI KOMIIO3MTA KBapIOBO-
ro micky 3 HaHeceHuM iepapxiuno mopucrum TiO,. Wei He, Gang Liao

Onucano cuntes iepapxiumoro mopmeroro xommosury Ti0,, HaHeceHOro Ha KBapI[OBHH
micok. CunTes 3aificHeno riapomizom Tterpabyrtuaoprotruranaty (TBOT) ma nmpupognomy
KBapIOBOMY MiCKY 3 TOJAJLIIOI0 TiAPOTepMasibHOI 00po0KoI0. Da3oBUil CKJa[ OTPUMAHUX
KOMIIO3UTiB BUBUeHO MeTogoM XRD. Mopdosoriro KoMIIosnTiB npoaHalizsoBaHo 3a JOMOMO-
TOI0 CKAHYIUOTO eJeKTPOHHOTO MiKpockoma (SEM). Posmozin mop 3a posmipamu i mutoma
IIOBEPXHA KOMIIOSHUTIB OXapakTepusoBaHi TecTom azcopbmii-mecopbmii N,. Poroxaramituuny
AKTUBHICTh KOMIIOSUTIB OI[iHEHO 3a (POTOKATAJIITHYHNIM PO3KJIAJAaHHAM rasomogiéaoro HCHO
npu Y®P-onpominenHi. Pesynbpraru moxkasyioTb, W0 iepapxiyHa CTPYKTypa MaKpo-/Me30II0pD
rpae KJIOUOBY pPOJb y MOiABHUINEHHI (POTOKATAIITHYHOI aKTUBHOCTLI KOMIIOBUTY, SKa MOXKE
mocarat 79,2 % u 1. Ilicaa 5-KpaTHUX NMOBTOPHUX BHIPOGYBAHD KOMIOSATH fK 1 panime
sbepirasiu BuUCOKY (POTOKATAJITHUYHY aKTUBHICTB.

Onmcan cuHTes mepapxmuecKu Iopucroro kommosura 1i0,, HAHECEHHOr0 HA KBAaPIIeBbIHA
necox. CHHTE3 OCYIIECTBJIEH TUAPOJIU30M TeTPaGyTHIOPTOTUTAHATA HA IPHUPOIHOM KBapIie-
BOM IIeCKe C IIOCJEeIYIOIIell IruipoTepMaJibHOl 00paborkoii. PasoBbIA COCTAB IIOJYUYEHHBIX
KomiosuToB maydeH merogom XRD. Mopdosorus KOMIIOSUTOB IIPOAHAIN3MPOBAHA C IIOMO-
IIBI0 CKAHUPYIOIIEro 9JeKTPOHHOrO MUKpPOCKoma. Pacnpegenenue mop mo pasMepaMm U yaeJb-
Hadg II0BEPXHOCTh KOMIIOBHTOB OXapPaKTEPH3OBAHEI TeCTOM ajcopbuum-gecopbruu N,. Poto-
KaTaJUTUYeCKasi aKTHBHOCTb KOMIIOBHTOB OII€HEHA I10 (POTORATAIUTUYECKOMY PABIOIKEHUIO
razoobpasuoro HCHO mpu Y®-o6ayduenuu. PesyanTaThl MOKA3LIBAIOT, UTO HMepapxudyecKas
CTPYKTYpa MAaKpO-/Me30TI0p UTPaeT KJIOUEeBYI0 POJb B TOBBIINIEHUN (POTOKATATUTUUECKON
AKTHUBHOCTH KOMIIOBUTA, KOTOpas MOKeT mocTHTarb 79,2 % u 1. ITocie 5-KpPATHBIX ITOBTOP-
HBIX UCHBITAHUN KOMIIOSUTHI IO-TIPEKHEMY COXPAHSAJUN BBICOKYIO (POTOKATAIUTUUECKYIO aK-
TUBHOCTD.
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1. Introduction

Since the photocatalytic splitting of
water at a titanium dioxide (TiO,) anode
was first discovered [1], TiO, has been a
hotspot area for nearly half a century and
has been widely used for pollution control
due to its outstanding photocatalytic oxida-
tion ability. The first case of photocatalytic
decomposition of a pollutant using TiO, is
the decomposition of CN~ ions in UV-irradi-
ated TiO, aqueous suspensions in 1977 [2].
In [3], the authors initiated the application
of TiO, in air purification in 1996; and sub-
sequent extensive research on TiO, was con-
ducted to remove air pollutants and improve
air quality. At present, despite the emer-
gence of other advanced materials and tech-
nologies, TiO,-based photocatalytic material
is still considered to be the most effective
and promising material for pollution elimi-
nation in terms of the cost and efficiency
[4-T7]. It has been proven that nano-sized
TiO, powder exhibits higher activity and po-
tential for removing contaminants than
granular or coarse-grained TiO,. Neverthe-
less, TiO, nano-particles tend to agglomer-
ate due to its high surface energy [8], and
it’s very difficult to disperse and recycle
these nanoparticles in practice; this fact
compromises its photocatalytic efficiency
and increases the cost of environmental res-
toration [9, 10]. To solve these problems,
researchers have synthesized TiO, compos-
ites on a substrate by immobilizing TiO, on
the surface or framework of substrate mate-
rials instead of directly using pure TiO,
[11-14]. A supported TiO, composite has at
least three advantages: (1) high photocata-
lytic activity due to the homogenous distri-
bution of TiO,; (2) reduced dosage of TiO,;
and (3) increase in the recycle rate of the
composites. The sol-gel method is the most
commonly used TiO, loading technique its
ease of operation and many substrates (e.g.
zeolite [15], fiber glass[16], and expanded
perlite [17]) that are used to support TiO,.
According to a large number of previous
studies, the characteristics of support mate-
rials, such as chemical stability, surface
roughness, and porosity are crucial for the
photocatalytic activity of the synthesized
composite [18—-21].

Quartz sand is abundant on the earth
and is widely used as industrial filters and
fine aggregates in construction due to due
to low price, stable chemical properties and
high strength [22, 28]. In recent decades,
quartz sand has been regarded as an ideal

812

support for functional nanomaterials due to
its rough surface and chemical inertness. So
far, the researchers have completed some
groundbreaking work on a silica sand/TiO,
composite (QST). For instance, authors of
[24] reported about a core-shell QST real-
ized by hydrolysis and condensation of
tetrapropylorthotitanate on ground quartz;
the growth of TiO, layers with different
thicknesses on the particles was controlled.
In [25], QST was prepared by thermal hy-
drolysis of the suspension obtained by addi-
tion of quartz sand to a titanyl sulfate solu-
tion, and it was found that the calcination
treatment caused a significant increase in
the photodegradation activity. In [23], QST
was synthesized in situ by a sol-gel method
using tetrabutyl orthotitanate (TBOT) and
the interfacial Ti-O-Si bonds between TiO,
and SiO, was confirmed. By analyzing the
reported literature, one can find that QST
showed a higher photocatalytic activity than
pure nano-TiO,, and almost all QST synthe-
sized by the sol-gel method form a core-
shell structure. Thus, quartz sand was
firmly coated with TiO, and its high distri-
bution homogeneity was guaranteed; but lit-
tle attention was paid to the microstructure
of the immobilized TiO, layer and its contri-
bution to the removal of pollutants.

In our previous work [26], a TiO, film
was successfully deposited on the surface of
quartz sand by the sol-gel method; as a re-
sult, a composite of quartz sand with depos-
ited TiO, was created. In this paper, the aim
is to improve the photocatalytic activity of
QST by hydrothermal deposition of a hierar-
chical porous TiO, layer on the surface of
quartz sand. In the last decades, hierarchi-
cally macro-/mesoporous TiO, was success-
fully synthesized and exhibited excellent
photocatalytic activity, as its special pore
structure contributed to facilitation of the
mass transfer process and enhance adsorp-
tion of pollutants [27-830]. The novelty of
this work is the preparation of a macro-
/mesoporous quartz sand/TiO, composite by
the hydrothermal method and the possibility
of increasing the photocatalytic activity of
QST by correcting the TiO, microstructure.

2. Experimental

Natural quartz sand (NQS, produced in
Zhejiang province, China) with an upper
particle size of 100 um was used as the sup-
port material and TBOT (Aladdin, Shang-
hai, China) for obtaining the TiO, layer. For
the coating process, a certain amount of
natural quartz sand was added into an etha-

Functional materials, 27, 4, 2020
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Fig. 1. Schematic diagram of a HCHO degradation apparatus.

nol/water mixture with a water content of
0.1 mol/L and ultrasonically dispersed for
0.5 h. Then some TBOT was dropwise added
into the prepared quartz suspension without
stirring to obtain a white suspension. Sub-
sequently, the white suspension was put
into a 100 mL stainless steel autoclave with
a Teflon liner and kept at 180°C for 6 h.
After the hydrothermal treatment, the
white precipitates were filtrated and dried
at 80°C in a vacuum oven for 8 h and cal-
cined at 450°C for 2 h, and the sample was
labeled as HT-QST. As reference material, a
core-shell structure QST was prepared. The
procedure for obtaining a white suspension
was the same as for HT-QST. Afterwards,
the white suspension was aging at room
temperature for 6 h, and the white precipi-
tates were also filtrated and dried at 80°C
in a vacuum oven for 8 h and then calcined
at 450°C for 2 h, and the sample was la-
beled as CS-QST. For HT-QST and CS-QST,
the TiO, content was 5 wt. % . Besides, pure
TiO, was prepared using the hydrolysis of a
TBOT solution under the same conditions as
used during the preparation of HT-QST;
this was called HT-TiO,.

The X-ray diffraction (XRD) patterns of
samples were recorded under Cu—-Kao irradia-
tion wusing an advanced diffractometer
(D/max2550, RIGAKU, Japan) equipped
with a fast position sensitive detector. Lan-
thanum hexaboride (LaBg) was used as a
standard. Samples were pressed in a rota-
tional holder and the measurements were
carried out in the reflection mode at the
speed of 4°/min between 10° and 70°. The
phase composition was verified using the
PDF 2 2004 database (International Centre
for Diffraction Data). Micromorphology of
the samples was analyzed by using a scan-
ning electron microscope (SEM, Quanta
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200F, FEI, USA) with voltages between 3
and 15 kV. In order to obtain high-quality
secondary electron images, before the SEM
analysis, all the samples were sputter-
coated with gold to enhance the electric con-
ductivity. The specific surface area (SSA)
and pore-size distribution (PSD) were meas-
ured at the liquid-nitrogen temperature
using the N, adsorption-desorption method
(3H-2000PS2, BEISHIDE, China).

The method for evaluation of the photo-
catalytic activity of the prepared composites
is based on the degradation of gas-phase
HCHO under UV light irradiation. The sche-
matic diagram of the HCHO degradation ap-
paratus is illustrated in Fig. 1. The testing
system was hermetically sealed; an air flow
circulated inside it under the action of a
micro-air pump. The reaction chamber was
made of transparent quartz glass with a
high light transmittance. The light source
was a high-pressure Hg lamp with a wave-
length of 365 nm. In the first step, 1 g
sample was homogenously placed on a petri
plate with a diameter of 6 em and the irra-
diation area was about 28.8 cm2. Sub-
sequently, 2.5 ul HCHO was injected into
the chamber through the injection hole via
a micro syringe and the initial concentra-
tion of HCHO in the system was about
362 mg/m3. After turning on the UV light,
the photocatalytic reaction took place imme-
diately, and the light intensity was fixed at
1.2 mW/cm? and the temperature of the
system was fixed at 25°C. The HCHO and
CO, concentrations were monitored using a
photoacoustic infrared multiple gas detector
(EUCA, Gasera One, Germany). The photo-
catalytic activity was quantified using the
following formula:
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C
Photocatalytic activity = [1 - C—t] -100%,
0
where C, is the HCHO concentration after a
time period of ¢; Cy is the initial HCHO
concentration, and C,/Cy is the relative
HCHO concentration.

3. Results and discussion

3.1. Phase composition analysis

As shown in Fig. 2, characteristic dif-
fraction peaks of anatase were observed at
20 (25.8°, 37.9°, 48.0°, 54.5°, 62.8°) in the
diffraction pattern of HT-TiO, according to
PDF#73-1764, and a brookite (211) diffrac-
tion peak was also detected. The result indi-
cates that the main phase of HT-TIO, is
anatase with a small amount of brookite.
Previous studies showed that the photocata-
lytic activity of the mixture of anatase and
brookite was higher than that of pure
anatase or brookite due to the heterojunec-
tion effect [18, 31]. Consequently, it can be
concluded that QST based on hydrolysis of
TBOT and hydrothermal treatment will have
excellent photocatalytic activity. In the dif-
fraction pattern of NQS, according to
PDF#86-2237, the characteristic diffraction
peaks of quartz were detected at 26 (20.9°,
26.6°, 42.5°, 50.2°, and 60.0°), and the dif-
fraction intensity was extremely high. Be-
sides, the characteristic diffraction peaks of
kaolinite (26 = 12.4° and 25.0°) were found.
The result showed that the main component
of the natural quartz sand used was quartz
and the impurity was symbiotic kaolinite.
According to the diffraction patterns of CS-
QST and HT-QST, the main crystal phase of
both composites is still quartz, and only a
small diffraction peak of anatase (20 = 25.3°)
is observed (as the arrow indicates). This is
due to the fact that the content of TiO, was
very low in this experiment, so, the maxi-
mum diffraction intensity of HT-TiO, (about
900) was much lower than that of quartz
(about 30,000). Therefore, the characteristic
diffraction peaks of anatase were most likely
overlapped by those of quartz.

3.2. Micromorphology analysis

Fig. 8(a) shows the SEM image of NQS.
The diameter of spherical quartz sand parti-
cles is about 80 um. The NQS surface is
composed of lamellar elements that form a
mass of coarse micronosynapses and several
slit-like pores. This structure facilitates the
capture of TiO, particles upon contact with
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Fig. 2. X-ray diffraction patterns of HT-TiO,,
NQS, CS-QST, and HT-QST.

TiO, sol, thus promoting a homogenous dis-
tribution of TiO, particles on the NQS sur-
face. As shown in Fig. 3(b), HT-TiO, is com-
posed of worm-like basic units which were
formed by the aggregation of spherical TiO,
particles. These worm-like units are closely
packed and interconnected with each other,
leading to a macro-porosity. The rough NQS
surface in combination with the porous
structure of HT-TiO, makes it possible to
synthesize a macro-/mesoporous TiO, com-
posite on quartz sand. Fig. 3(c) shows the
surface structure of CS-QST. The surface of
CS-QST is smooth and covered by a dense
TiO, layer. Besides, a crack of TiO, layer is
observed in Fig. 3(d), which is a typical
mark of the core-shell structure. In Fig.
3(e), the surface of HT-QST is coated with a
flocculent layer and the edges and corners
of the NQS gradually disappear, indicating
that porous TiO, was fixed on the HT-QST
surface. The magnified image of HT-QST in
Fig. 3(f) shows the worm-like units of TiO,
interlocked with plate-like units of quartz
sand, forming macropores with a diameter
from 4 to 6 um. The difference between the
surface structure of HT-QST and CS-QST is
probably due to hydrothermal treatment.
More specifically, when TBOT droplets con-
tact with pure water without stirring,
TBOT hydrolysis reactions occur immedi-
ately producing a thin, dense, semiperme-
able TiO, membrane at the droplets inter-
face. Subsequently, the hydrolysis reactions
will slow down due to the separation be-
tween TBOT and water caused by this mem-
brane. The reaction proceeds inward when
water diffuses through the external mem-
brane. And the worm-like units will aggre-
gate, thus generating larger mesopores and

Functional materials, 27, 4, 2020
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Fig. 8. SEM images: (a) NQS; (b) HT-TiO,; (c) CS-QST; (d) CS-QST (magnified);(e) HT-QST; (f)
HT-QST (magnified).
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Fig. 4. (a) N, adsorption-desorption isotherms; (b) Pore-size distribution curves.

decreasing the specific surface area (SSA),
as evidenced by N, adsorption-desorption
analyses results. Meanwhile, the mass
transfer channel will be expanded and more
water/ethanol molecules will be trapped in-
side the structure. The high pressure caused
by the accumulation of water/ethanol mole-
cules as well as hydrothermal treatment will
lead to the splitting of the spherical parti-
cles, thus resulting in the formation of
macro-porous TiO, structure.

3.3. No adsorption-desorption analysis

The N, adsorption-desorption isotherms
and the corresponding pore-size distribution
curves for NQS, CS-QST, and HT-QST are
shown in Fig. 4. For NQS, the isotherms
consist of a combination of type III and type
IV with two distinct regions according to the
Brunauer-Deming-Deming-Teller (BDDT)
classification. The Njy-absorption volume is
small at the low relative pressure, indicat-
ing its low micro-porosity. However, at the
high relative pressure range of 0.3—-0.7, the
isotherms are of type IV and have a small
hysteresis loop, implying the presence of a
small amount of mesopores (2—50 nm) [32].
Furthermore, the hysteresis loop is of type
H3, indicating the existence of slit-like
pores with a diameter of 2—3 nm caused by
the plate-like units [32]. This is also con-
firmed by the SEM image of NQS (see Fig.
3(a)) and the corresponding pore-size distri-
bution curve (see Fig. 4(b)). The TiO, loading
has a significant effect on the isotherms of
the samples. Both the isotherms of CS-QST
and HT-QST are of classical type IV (BDDT
classification) and have a larger hysteresis
loop (type H,) at a relatively higher pres-
sure range of 0.4-0.8 than that of NQ@S,
indicating the presence of ink-bottle
mesopores (2—50 nm) with larger pore vol-
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Table. Specific surface area of NQS, CS-
QST, and HT-QST

NQS
6.4

CS-QST
52.9

HT-QST
35.1

Sample
SSA, m2/g

ume and pore sizes [32, 33]. In addition, the
N,-adsorption volume of CS-QST at the low rela-
tive pressure is higher than that of HT-QST,
suggesting that CS-QST has more micropores
than HT-QST. Also, the hysteresis loop of
HT-QST is larger than that of CS-QST, indi-
cating that the percentage and diameter of
the mesopores of HT-QST are higher than
those of CS-QST; this is consistent with the
results of pore-size distribution in Fig. 4(b)
because the pore-size distribution of CS-QST
with a peak pore diameter of 4 nm shifts to
the right of HT-QST with a sharp peak at
6 nm. The specific surface area (SSA) of
NQS, CS-QST, and HT-QST are listed in
Table. The SSA of NQS is the lowest at
6.4 m2/g, while CS-QST shows larger SSA
(52.9 m2/g) than HT-QST (35.1 m?2/g).
After loading with TiO,, the SSA of CS-QST
was noticeably increased because nano-TiO,
particles were homogenously distributed on
the surface of CS-QST creating a large
quantity of micro/mesopores. Compared to
CS-QST, the SSA of HT-QST decreases
slightly due to an increase in crystallite
sizes and the aggregation of worm-like TiO,
units after hydrothermal treatment [33].
The N, adsorption-desorption analyses could
not provide information on macro-porosity
of the as-prepared samples. Therefore, the
macroporous structures of the samples were
observed directly using SEM.

Functional materials, 27, 4, 2020
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Fig. 5. (a) HCHO and CO, concentrations vs. time under the photocatalysis of HT-QST; (b) photo-

catalytic activity of NQS, CS-QST and HT-QST.

3.4. Photocatalytic activity analysis

The photocatalytic activity of as-pre-
pared samples was evaluated by gaseous
photocatalytic degradation of HCHO. The
change in the concentrations of HCHO and
CO, over time is shown in Fig. 5(a). When
the UV light was switched on, the concen-
tration of HCHO started to decline immedi-
ately and the concentration of CO, in-
creased slowly. After 80 min of irradiation,
the decrease in the content of HCHO is
about 1.05 times greater than the increase
of CO, and the degree of mineralization of
HCHO is about 72 %, indicating a high
photocatalytic activity of HT-QST. Fig. 5(b)
compares the photocatalytic activities of
NQ@S, CS-QST and HT-QST. It can be seen
that the concentration of HCHO slightly de-
creases at the beginning and then becomes
constant due to the effect of NQS. This in-
dicates that NQS does not exhibit photo-
catalytic activity, and the reduction of
HCHOQO is mainly attributed to the poor ad-
sorption effect of NQS, which is confirmed
by the data on porosity and SSA. Compared
to NQS, CS-QST and HT-QST both demon-
strate high adsorption capacity towards
HCHOQO at an early period of the reaction due
to a high SSA, and as the photocatalytic
reaction proceeds, the concentration of
HCHO decreases dramatically. Although the
SSA of CS-QST is higher than that of HT-
QST, the HCHO degradation rate of HT-QST
(79.2 % h71) is higher than that of CS-QST
(72.3 % h~1), suggesting higher photocata-
lytic activity of HT-QST. This enhanced
photocatalytic activity of HT-QST may be
attributed to the cooperative effect of high
SSA and a hierarchical macro-/mesopore
structure.

Functional materials, 27, 4, 2020

In general, the photocatalytic activity of
composites depends on three aspects: (1)
mass transfer process, (2) adsorption proc-
ess, and (3) photochemical reactions proc-
ess. The photocatalytic decomposition of
HCHO is a typical gas-solid catalysis reac-
tion comprising at least seven necessary
steps: (1) external diffusion of pollutants,
(2) internal diffusion of pollutants, (3) ad-
sorption of pollutants on the composites, (4)
surface photochemical reaction, (5) desorp-
tion of products from the composites, (6)
internal diffusion of products and (7) exter-
nal diffusion of products [34]. It’s obvious
that gas diffusion and adsorption are of
great importance for the photocatalytic ac-
tivity of composites. On the one hand, ac-
cording to diffusion kinetics, the diffusion
rate is determined by the diffusion driving
force and diffusion resistance. Specifically,
the driving force of diffusion of gas mole-
cules is a function of the gas pressure drop,
which depends on temperature, molecular
weight, collision integral, ambient pressure,
and characteristic length of the diffusing
reactants. The diffusion resistance depends
on the surface morphology of composites,
such as specific surface area, porosity, pore
geometric shape, pore-size distribution, sur-
face texture, roughness, and even crystal
structure. It has been proven that the hier-
archically porous structure facilitate gas
diffusion [35, 36]. Consequently, HT-QST
can obtain lower diffusion resistance and
faster gas exchange than CS-QST. On the
other hand, the adsorption ability of com-
posites is related to the number of adsorp-
tion sites, which is generally governed by
the SSA of the composites. When the ad-
sorption sites are completely occupied by
HCHO molecules, the rate of the photocata-
lytic reaction is limited by the rates of gas
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Fig. 6. (a) Pore-size distribution of G-HT-QST; (b) SEM image of G-HT-QST; (¢) HCHO degradation

activity of G-HT-QST.

desorption and exchange. Due to the hierar-
chically porous structure of HT-QST, the
gas products can desorb rapidly and migrate
to the outer space, and as a result, more
HCHO can be adsorbed and ultimately de-
graded. The combination of high SSA and
hierarchical macro-/mesopore structure may
have a synergetic effect on the enhancement
of the photocatalytic activity of HT-QST.
This is why HT-QST with lower SSA shows
higher photocatalytic activity than CS-QST.

To further confirm the beneficial effect
of macro-channels on photocatalytic activ-
ity, HT-QST was ground into fine powders
(denoted as G-HT-QST) using an agate mor-
tar to destroy the macroporous structure,
and then the photocatalytic activity was ex-
amined in the same state with HT-QST. The
result shows that G-HT-QST still retains a
mesoporous structure (see Fig. 6(a)), but the
macroporous structure or networks disappeared
(see Fig. 6(b). The G-HT-QST exhibited lower
photocatalytic activity (58.6 % h™1l) than that
of HT-QST (see Fig. 6(c)), which is consistent
with the analysis aforementioned.

The stability and recycling performance
of the composites are key factors for practi-
cal applications. To investigate the stability
of the as-prepared hierarchically macro-
/mesoporous quartz sand composite coated
with TiO,, the photocatalytic decomposition
of HCHO was repeated 5 times during one
day. To eliminate the effect of residual
HCHO molecules in the reaction system, the
reaction chamber was wiped with absolute
ethyl alcohol and then irradiated by UV-
light for 0.5 h. The tested sample was dried
at 80°C in a vacuum oven for 1 h after each
test cycle. The results are shown in Fig. 7.
The decomposition rate of HCHO in the 5
repeating cycles apparently did not change
compared to the values obtained in the first
cycle, and there was only a slight decrease,
which gradually stabilized from the second
cycle, while in the 5th cycle the decomposi-
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Fig. 7. Photocatalytic activity of HT-QST in
5 repeated tests.

tion rate was still 76.8 %. This is due to
the fact that adsorbed molecules such as
HCHO or reaction products, which cannot be
completely removed by the conventional
method, occupy active sites. The results of re-
peated tests indicate that the prepared HT-QST
have stable and high photocatalytic activity.

4. Conclusions

A composite of quartz sand supported by
hierarchical macro-/mesoporous TiO, was
facilely fabricated by hydrothermal treat-
ment of TBOT precipitates in pure water,
followed by calcination at 450°C. The pre-
pared HT-QST sample shows excellent pho-
tocatalytic activity for decomposing gas
phase HCHO; the removal efficiency reaches
79.2 % hl, which is higher than that of
the core-shell-structure quartz sand/TiO,
composite (72.8 % h™1). According to the
literature and our research, the high photo-
catalytic activity of HT-QST is attributed to
the combination of a hierarchical macro-
/mesoporous structure and a large specific
surface area; both have a synergistic effect
on increasing the rate of the photocatalytic
reaction. The presence of the hierarchical

Functional materials, 27, 4, 2020
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macro-/mesoporous structure is a key factor
for the enhancement of the photocatalytic
activity because such structures can in-
crease the HCHO adsorption on the surface
of the composite and facilitate the diffusion
and transport of gaseous reactants and
products. The stability of HT-QST is excel-
lent even after 5 repeated tests. The present
study may provide new insights into the
design and preparation of high-performance
and cost-effective composites of quartz sand
supported by TiO,.
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