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Preparation of mesoporous AgAIO, by a two-step method
with visible-light-driven photocatalytic activity
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Anovel visible-light-driven photocatalytic activity of mesoporous AgAIO2 has been synthesized through a combined sol-gel
and ion exchange method. The results demonstrate that the mesoporous Ag AlO: is a delafossite structure with the uniform
size about 20-40 nm and nitrogen adsomtion-desorption type belongs to IVisothems, the absorption edge of Ag AlO: lies at
500 nm in the visible light region. The as-synthesized Ag AIO. exhibited remarkably high photocatalytic activity of 82.38% in
decomposing formaldehyde for 120 min under visible light irradiation. These results provide a basic experimental research
for preparation Ag-based photocatalyst, which will possess a broad prospect in terms of the applications in improving indoor

air quality.
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1. Introduction

Nowadays, exploring the potential application of
heterogeneous photocatalysis has attracted considerable
interests in the fields of environmental remediation and
energy conversion, such as water splitting, CO, reduction,
thin film solar cell and contaminant degradation [1-3]. The
metal oxide semiconductor nanostructures play an
important role in the solar-to-chemical energy conversion
due to their unique optical characteristics and catalytic
properties [4]. However, broader applications of the
typical TiO; are still limited due to its wide band gap and

rapid recomb ination of photo-generated electron-hole pairs.

Therefore, it is particularly important to design the
advanced photocatalytic materials for the effective
utilization of solar energy [5-6].

Recently, Ag-based photocatalyst as one of alternative
visible-light-driven candidates have aroused much
interesting due to the hybridization between Ag4d and
O 2p orbital in the valence band, which can easily extend
absorption spectrum into the visible light region
meanwhile maintaining a strong oxidization potential
[7-11]. On the other hand, increasing surface area is
another efficient strategy in photocatalysis to improve
activity. To gain mesoporous materials with ordered pore
geometry, template strategies have been developed in the
last two decades [12]. However, to the best of our
knowledge, there are few reports on the mesoporous
AgAIO; nanostructures.

Herein, we develop a novel visible-light-driven
photocatalyst of mesoporous AgAIO;, using a combined
sol-gel and ion exchange method. The microstructure and
optical properties of the as-prepared samples were
investigated using XRD, SEM, TEM/HRTEM and UV-vis
absorption spectra. The photocatalytic activity of

as-synthesized sample is evaluated by the degradation of
the formaldehyde under visible light irradiation. The
proposed photocatalytic mechanism was also discussed.

2. Experimental
2.1. Preparation

All reagents were analytical grade and used without
further purification or treatment. Mesoporous AgAIO, was
synthesized by two-step method. Firstly, the precursor
NaAIlO, was prepared via a sol-gel method. In a typical
procedure, 0.02mol AI(NO3)3°9H,0, 0.02mol
CH3;COONa*3H,0 and 1.0 g P123 surfactants were
dissolved in 60 ml ethylene glycol (C;HgO;), where P123
block-copolymer was used as a soft-template. The mixed
solution was magnetically stirred for 5 h at 60-70°C to form
yellow sol. The gel was further treated at 100°C for 12 h,
after being sintered at 650°C for 4h to obtain mesoporous
NaAlO, precursor. Secondly, AgAIO, was synthesized
though the ionic exchange reaction. The powders of NaAIO,,
AgNO;3, and KNO3 were mixed with molar ratios of 1:1:1
and grinded for 20 min [13]. Then the mixtures were heated
to ion exchange at 250 °C for 12 h. The products were
washed repeatedly with distilled water to remove NaNOg,
KNOj3, and excess AgNO;. Finally, the mesoporous AgAIO,
were obtained after the samples dried at 80 °C for 5-8 h. A
schematic illustration is proposed by two step method in
Fig. 1.
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Fig.1. Schematic illustration of the preparation of the
mesoporous AgAIO,

2.2. Characterization

Structural features and phase compositions of the
samples were determined using Bruker AXS D8 Advance
X-ray diffractometer with Cu-Ka radiation (A=0.15406nm).
The surface morphology of as-prepared samples were
observed using a field emission scanning electron
microscope (FESEM JEOL Model JSM-6360LV) and
high-resolution transmission electron microscopy (HRTEM,
JEM-3010). The ultraviolet-visible (UV~vis) absorption
spectra were acquired by UV-vis spectrometer (UV-2450,
Shimadzu). The Brunauer-Emmett-teller (BET) specific
surface area (Sger) was determined by the
AUTOSORB-I1Q2-MP  nitrogen adsorption apparatus
(Quantachrome, USA).

2.3. Photocatalytic properties

The decomposition of formaldehyde was performed
with visible light irradiation. In a typical process [14],
100ml formaldehyde solution (10 mg/l) was taken in the
reactor along with 0.1g catalyst, and the mixture was
irradiated under a 300 W Xe arc lamp through a UV cutoff
filter (380 nm <A < 750 nm). Before illumination the
suspension was magnetically stirred in the dark for 30min to
reach an adsorption/desorption balance of formaldehyde on
the catalyst surface. The formaldehyde concentration was
measured with a UV-vis spectrophotometer, the maximum
absorption peak of formaldehyde was at A= 414 nm. The
degrading rate D was calculated as follow,
D=(Cy-C;)/Cyx100%, where Cy is the initial concentration of
formaldehyde (mg/l) and C is formaldehyde concentration
at specialtime point (mg/l).

3. Results and discussion

The process involves in two basic steps, the precursor
NalnO, was prepared by a sol-gel method and the
mesoporous AgAIO, was prepared using ion exchange
reaction. Fig.2 shows the microstructures of the as-prepared
precursor NaAlO, and mesoporous AgAIO,. For the
precursor NaAlO,, the typical XRD patterns reveals that all
diffraction peaks can be well indexed to NaAlO, (JCPDS
No. 33-1200). The precursor NalnO, show irregular

morphologies with an average particle size of dozens to
hundreds nanometer in addition to a certain degree of
agglomeration in Fig. 1(b). The major diffraction peaks
locate at 20.84°, 30.43°, 32.98°, 33.32°, 34.80°, and 39.56°
are also observed in Fig.1(c), which correspond to the
JCPDS No0.21-1070 standard data of AgAIO, with
delafossite phase. No diffraction peaks of the raw
materials and other impurities were observed, indicating
that the pure phase AgAIO; is formed and well crystallized

through ion exchange reaction. The samples consist
mainly of irregular particles with diameter about 50-200
nm in addition to a certain degree of agglomeration. The
morphologies of the representative samples are ako
performed by using TEM/HRTEM. The TEM images in
Fig. 3(a) show that the AQAIO, exist as irregular
nanoparticles with size about 20-40 nm, and they tend to
aggregate together. Benefiting from the low-temperature
only 250 °C in the process of ion exchange reaction, it is
difficult for NaAIO, to grow further or decompose, on the
other hand, KNO3; was used to promote the reaction, as a
result, the morphologies and crystallite sizes from the
precursor NaAlO, to mesoporous AgAIO, have no obvious
change before and after ion exchange reaction. Therefore, it
is assumed from the XRD results that the AgAIO, have
been successfully prepared by the above two-step method.
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Fig. 2. Microstructure of the as-synthesized samples (a)

XRD patterns and (b) SEM image of the precursor

NaAlO,, (c) XRD patterns and (d) SEM image of the as-
prepared mesoporous AgAIO,, respectively

Brunauer—-Emmett-Teller (BET) gas sorptometry
measurements were conducted to examine the porous
nature of the samples. Fig. 3 reveals the nitrogen
adsorption/desorption isotherms and pore size distribution
curves of the prepared mesoporous AgAIO,. According to
IUPAC classification [15], the similar nitrogen adsorption-
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desorption isotherms of samples can be classified as a type
IV isotherm, and hysteresis loop is type H, which is
characteristic of a typical mesoporous material. The sharp
decline in the desorption curve and the hysteresis loop at
high relative pressure are indicative of mesoporosity.
During the process of adsorption, single molecular layer
adsorption occurred at relatively low pressure and multi
molecular layer adsorption occurred at higher pressure
[16]. The calculated BET specific surface area and pore
volume are 35.27 mf/g and 0.096 cm’/g, respectively.
From the inset figure, it can be seen that the average pore
sizes of microstructure AgAIO; is about 9.12 nm. However,
the shape of the curve exhibit a broad pore size
distribution, suggesting that there is no ordering of
mesopores, in contrast to the results known for
mesoporous silica materials prepared with P-123. In the
latter case, a much narrower pore size distribution can be
achieved.

Fig. 3. TEM/HRTEM images of the as-synthesized
mesoporous AgAIO,

Fig. 4 displays the UV-vis absorption spectra of
AgAIO,, together with the P25 as a reference for a
comparison. It can be observed that the absorption onset of
the P25 is ~390 nm, which shows that the P25 is active
mainly in UV light region, whereas AgAlO,shows obvious
absorption in visible light region up to near 500 nm. The
UV-vis absorption spectra show that absorption edge for
mesoporous AgAIO, has a red shift compared with that of

the P25, which shifts towards visible light region, which
will probably make a good foundation for the investigation
of mesoporous AgAIO, applied in the fields of improving
indoor air quality.
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Fig. 4. Nitrogen adsorption-desorption isotherms and
pore size distribution curves (inset) of the as-prepared
mesoporous AgAIO,

The photocatalytic activity of the commercial P25 and
the as-prepared mesoporous AgAIO, were evaluated by
the degradation of formaldehyde under visible light
irradiations. The degradation rates of formaldehyde in the
presence of different photocatalysts are discussed in Fig.5.
Almost no change occurred in formaldehyde without
catalyst under visible light, indicating direct photolysis of
HCHO is negligible. When the commercial P25 sample is
employed as photocatalysts, about 32.16% formaldehyde
mo lecules are decomposed within 120 min under visible
light irradiation. The result suggests that the obvious
decrease of formaldehyde concentration in the presence of
photocatalysts should be mainly contributed to the
photocatalytic degradation. In the case of mesoporous
AgAIO, under the similar experimental conditions, the
degradation rate is 82.38% and the photocatalytic activity
is enhanced by 50.22% comparing to that of the P25
photocatalyst. The reusability and stability of the Ag based
photocatalysts are the other important factors in the
practical applications. The repeated experiment of
photocatalytic activities for degradation formaldehyde of
the mesoporous AgAIO; under visible light irradiation in 5
recycles are shown in Fig. 6(b). There was a little
appreciable loss in photocatalytic activity of the
mesoporous AgAIO, after the five runs, the degradation
rate is still 77.04%. This indicates that the photocatalytic
activity of formaldehyde degradation is significantly
enhanced for mesoporous AgAIO, than that for the Degussa
P25 with visible light irradiation.
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eV which is more negative than the reduction potential of
O2(H* +0, +e~ — HO,—-0.046eV vsSHE ) [17]. Therefore,
based on the above experimental results as well as
reference [18-28], the proposed mechanism of the
mesoporous AgAIO, for photocatalytic degradation
formaldehyde under visible light irradiation can be
described as follows:

Fig. 5. UV-vis absorption spectra of the commercial P25
and the mesoporous AgAIO,

AgAIO, +hv — hy, +eg, 1)
O, +ex >0, 2
H,O+h, > H"+0OH (©)]
HCHO +OH —»CHO + H,0 @)
‘CHO +0OH — HCOOH (5)

HCOOH —22_,CO, + H,0

4. Conclusions

.CHO +0, —*"* HCOOOH —*<"%_, HCOOH (6)

)

In conclusion, the mesoporous AgIinO, nanostructures

100
—m— without photocatalyst (a)
—e—P25
80 | —A—AgAlO,
‘=,\= /
QW
E 60 - /
1™
e
2
= 40}
=
=
B .
Ean ._,_..——'-‘_'_'-
2 a0} ./
./ )
0 1 1 1 " 1
0 30 60 920 120
Irradiation Time / (min)
(b)
104 st % zp0 KX 3rd ¥ 4 %X 5ed
J 1 e
o8 * i
B B
= 0.6
< \ i \ *
S SREEEEEE
0.4 4 5 Y
* * *"- “"* ‘A"k
0.2 - e £ o ‘I*i"" 78.28% 17.04%
82.38% 81.49% o
0.0 T T T T T
(1] 180 360 540

Irradiation

Time (min)

Fig. 6. The photocatalytic properties of (a) degradation
rates of formaldehyde in the presence of the P25 and
mesoporous AgAIO, and (b) the reusability of the

as-prepared mesoporous AgAIO,

AgAIO; is a typical electron-conductive Ag-based
semiconductor, the Ag 4d orbitals participate in the
construction of VB which induces relatively localized
photo holes, meanwhile, the CB of AgAIO; is about -0.638

irradiation

under visible light

have successfully been synthesized by a combined sol-gel
and ion exchange method. The photocatalytic properties of
the as-synthesized mesoporous AgAIO, degradation rates
of formaldehyde reaches 82.38% for 120 min under visible
light irradiation, which enhanced 50.22% than that of the
commercial P25. Characterization results showed that the
as-prepared AgQAIO, with a delafossite structure has
uniform size about dozens to hundreds nanometer and are
indentified the isotherms as type IV. The absorption edge
shows obvious absorption in the visible light range. There
was a little appreciable loss in photocatalytic activity of
the mesoporous AgAIO; after the five repeated experiment.
This work provides some insight into the development of
the mesoporous Ag-based nanostructures for improving
indoor air quality by photocatalytic degradation
formaldehyde under visible light irradiation.
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