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Silica gel beads were coated by AgVO,, Ag\V,0, and Ag\VO, to study their photocatalytic
performance. The model reaction was the decomposition of methylene blue and acetaldehyde,
respectively in fluorescent and ultraviolet radiation and in darkness, as well. The photocatalytic
films formed on the surface of silica gel beads had a thickness of about 400 nm. No film
exfoliation was observed during the decomposition experiments. The photocatalytic activity of
silica gel beads coated by given compounds was much higher as compared to powder samples.
An especially remarkable decomposition of methylene blue was detected on Ag3VO4 coated silica
gel beads: concentration of methylene blue decreased from 10 mg/dm?3to less than 0.01 mg/dm?
for 16 h under fluorescent light irradiation. It was also observed that addition of Pt co-catalyst to
the coating film improved the photocatalytic performance.
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1. Introduction

From the viewpoint of the utilization of solar energy and
indoor illumination, visible light responsive photocatalyst
has been desired for green technology which mainly includes
oxidative decomposition of the volatile organic compounds and
purification of water. A number of studies have been carried
out for visible light responsive photocatalyst. Wolframite type
oxide compound [1, 2] such as InNbO, and InMTaO, (M=Cu,
Nji, Co, Fe, Mn) and oxinitride [3] such as TaON were reported.
Vanadate compounds have been also studied as visible light
photocatalyst [4, 5]. We reported that powder of indium
vanadate synthesized via coprecipitation and pyrolysis method
decomposed methylene blue under fluorescent light irradiation
and absorbed a light shorter wavelength than 580 nm [6]. The
compounds in the system Ag O-V,0O, synthesized via solid state
reaction were previously reported that absorption edge of the
compounds were measured to be approximately 480 nm and
the compounds decomposed methylene blue under fluorescent
light irradiation [7]. Powder type photocatalyst however is not
suitable for the application of photocatalyst to green technology
because of difficulty of collection of powder sample.

Fig. 1. SEM photographs of AgVO, coated silica gels produced at 400 °C (a) surface
view and (b) cross sectional view

L. dbra 400 °C hémérsékleten szintetizdlt, AgVO, bevonatii szilikagél gyongyisk
pdsztdzo elektronmikroszkdpos felvételei. (a) kiilsd feliilet, (b) keresztmetszet

In the present study, precursor solution of AgO-V, O,
compounds, suchas AgVO,,Ag,V,0,and Ag,VO,, was prepared
and coated to silica gel beads. Photocatalytic properties of

silica gel beads coated by Ag,0-V,0, were evaluated from
measurements of decomposition of methylene blue and
acetaldehyde under irradiation of fluorescent light, black light
and in dark. ICP atomic emission spectroscopy measurement
was carried out to elucidate the photodissolution of components
from the compounds into solution during the methylene blue
decomposition experiment. Effect of Pt co-catalyst loading to
photocatalyst coated silica gel beads was also examined in the
present study.

2. Experimental

2.1. Preparation of silica gel beads coated by Ag,O-V,O,

Appropriate amount of silver nitrate (Kanto Chemical:
99.8%) and ammonium vanadate (Kanto Chemical: 99.0%)
were dissolved together in 1IN ammonia solution. The precursor
solutions of AgVO,, Ag,V,0, and Ag,VO, compounds were
prepared via reflux at 80 °C for 30h. Silica gel beads with
2-3 mm in diameter (Fuji Silisia Chem.Co., CARIACT Q-50)
were immersed into the precursor solution followed by
drying on stainless steel mesh at 120 °C and sintering in air
at temperatures from 350 °C to 450 °C for 30h. Thus AgVO,,
Ag,V.0O_and Ag VO, coated silica gel beads were prepared.

2.2. Measurement of photocatalytic property of silica gel
beads coated by Ag,0-V_ O,

Methylene blue decomposition and acetaldehyde decom-
position experiments were conducted under irradiation of
black light, fluorescent light and in dark at room temperature.
For methylene blue decomposition experiment, approximately
5 cm’ of photocatalyst coated silica gel beads were put
into 50 cm’ methylene blue solution with 10 mg/dm’® in
concentration. The solution was exposed to black light (10W)
irradiation, fluorescent light (10W) irradiation and dark
condition for various times between 30 min and 2880 min
(48 h). And concentration of methylene blue of the solution
was measured by the absorptiometry. The methylene blue
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solution subjected to 48 h decomposition experiment was
measured by inductive coupled plasma atomic emission
spectroscopy (SII, SPQ9600) to study photodissolution of
components from the photocatalyst coated silica gel beads. For
the acetaldehyde decomposition experiment, approximately
5 cm® of photocatalyst coated silica gel beads were put in
pyrex glass container with 1000 cm?® in volume. The container
was then decompressed. And acetaldehyde was injected into
the container with microsyringe so that concentration of
acetaldehyde became 30 ppm. And air was introduced into
the container so as to be atmospheric pressure. The container
included photocatalyst and acetaldehyde was exposed to black
light (10W), fluorescent light (10W) and dark condition for
various times between 30 min and 2880 min (48 h). After the
experiment, concentration of acetaldehyde in the container was
measured by gas chromatography (SHIMADZU, GC-14B).
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Fig. 2. Decomposition of methylene blue on Ag,0-V,0 -coated silica gel beads in (a)
ultraviolet light, (b) fluorescent light and (c) in darkness
2. dbra  Metilénkék lebomlsi jellemzbi Ag,0-V 0, vegyiiletekkel bevont szilikagél
gyongyokon (a) ultraibolya, (b) fluoreszcens fénnyel val besugdrzds hatdsdra,
illetve (c) sotétben
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Fig. 3. Decomposition of acetaldehyde on Ag,0-V,0, powder mixture in (a)
ultraviolet light, (b) fluorescent light and (c) in darkness

3. dbra  Acetaldehid lebomldsi jellemz6i Ag,0-V 0, porvegyiileteken (a) ultraibolya,
(b) fluoreszcens fénnyel valé besugdrzds hatdsdra, illetve (c) sététben

2.3. Platinum loaded Ag,0-V O, compounds coated to
silica gel beads

Platinum cocatalyst loading onto Ag O-V O, compounds
coated to silica gel beads was carried out to avoid recombination
of excited electrons and electron holes. Hydrogen hexa-
chloroplatinate (IV) hexahydrate (Kanto Chemical: 98.5%)
was added into the precursor solution mentioned Clause 2-1
so that concentration of Pt for photocatalyst became 1 mass%.
The solution was refluxed at 80 °C for 30h. Silica gel beads
(Fuji Silisia Chem.Co., CARIACT Q-50) were immersed into
the solution followed by drying on stainless steel mesh at
120 °C and prepared in air at 450 °C for 30h. The samples were
subjected to measurements of photocatalytic performance as
mentioned Clause 2-2.
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Fig. 4. Decomposition of acetaldehyde on Ag,0-V 0 -coated silica gel beads in (a)

ultraviolet light, (b) fluorescent light and (c) in darkness

4. dbra  Acetaldehid lebomldsi jellemzdi Ag,0-V 0, vegyiiletekkel bevont szilikagél
gyongyokon (a) ultraibolya, (b) fluoreszcens fénnyel valo besugdrzds hatdsdra,
illetve (c) sotétben

3. Results and discussion

Fig. 1. showed typical SEM photograph of the compounds
coated silica gel beads. Thin films with approximately 400 nm
in thickness were coated on silica gel beads. AgVO,, Ag,V.O,
and Ag, VO, coated silica gel beads prepared at temperatures
from 350 °C to 450 °C were subjected to the methylene blue
decomposition experiment. No exfoliation of the thin films
from silica gel beads was observed during methylene blue
decomposition experiment. Methylene blue decomposition
characteristics of the compounds coated silica beads which
showed the best performance for each compounds were
illustrated in Fig. 2. Characteristics of mechylene blue
decomposition via powder AgVO,, Ag,V,0_and Ag, VO, were
reported in the previous paper [7]. Concentration of methylene
blue decreased remarkably for the solution with AgVO,, Ag,V,0,
and Ag VO, coated silica gel beads as shown in Fig. 2a. and b.

The decrease results from adsorption of methylene blue tosilica
gel beads and followed by decomposition via photocatalysis.
The decrease in concentration of methylene blue as shown
in Fig. 2c. might be resulted from adsorption to silica gel
beads. Because the powder compounds, such as AgVO,,
Ag,V,0. and Ag, VO, did not show photocatalytic activity in
dark [7]. ICP atomic emission spectroscopy measurements
revealed that approximately 3x10* mol/dm’ of AgVO,, 6x10-
¢ mol/dm’ of Ag,V,0, and 1x10° mol/dm’® of Ag VO, were
dissolved into the solution from the compounds coated to
silica gel beads after 48h photodissolution experiment. The
values are the same order as that of powder samples [7].
Fig. 3. showed acetaldehyde decomposition characteristics
via Ag O-V. O, powder compounds under irradiation of
black light, fluorescent light and in dark. Acetaldehyde was
oxidized to acetic acid and followed by decomposed to carbon
dioxide and water by photocatalyst. The same decomposition
characteristics were observed for the experiments under
black light and fluorescent light irradiations. Ag, VO, powder
showed superior decomposition performance than AgVO,
and Ag,V.O.. The decrease in concentration of acetaldehyde
shown in Fig. 3c. might be result from adsorption to powder
samples. Fig. 4. showed acetaldehyde decomposition charac-
teristics via photocatalysts coated silica gel beads. Performance
for decomposition of acetaldehyde was improved remarkably
compared to that of powder samples. Acetaldehyde
adsorption to silica gel beads might play an important role
for the decomposition, because the decomposition reaction
takes quite long time. Consequently, it is necessary for the
decomposition that photocatalyst, acetaldehyde and light
exist simultaneously for a long time. Comparing with Fig. 4c.
to Fig. 3c., photocatalysts coated silica gel beads absorbed
much more acetaldehyde than powder photocatalysts. And
large quantity of acetaldehyde can coexist with photocatalyst
on silica gel beads. Fig. 5. showed that photocatalytic
performances under fluorescent light irradiation for Ag,VO,
and Pt co-catalyst loaded Ag,VO, coated to silica gel beads
prepared at 450 °C. Fig. 5a. and b. showed methylene blue
and acetaldehyde decomposition characteristics, respectively.
Photocatalytic performance of Pt loaded Ag,VO, coated silica
gel beads was remarkably improved. A similar tendency was
observed for the other photocatalysts. It was elucidated that Pt
co-catalyst loading to Ag,0-V,0, compounds coated to silica
gel beads was effective for an enhancement of photocatalytic
performance.

4., Conclusions

Remarkable improvement of photocatalytic activity was
observed for the compounds coated silica gel beads compared
to powder samples. No exfoliation of the thin films from silica
gel beads was observed during methylene blue decomposition
experiment. Approximately 3x10° mol/dm® of AgVO,
6x10° mol/dm’® of Ag V,0,_ and 1x10° mol/dm’ of Ag VO,
were dissolved into the solution from the compounds coated to
silica gel after 48h photodissolution experiment. Pt co-catalyst
loading to Ag,0-V,0, compounds coated to silica gel beads was
effective for an enhancement of photocatalytic performance.
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Ag,0-V,0, vegyiiletekkel bevont szilikagél gyongyok
fotokatalitikus tulajdonsagai

Szilikagél gyongyoket AgVO,, Ag,V,0, és Ag.VO, Gsszetétell
vegylletekkel vontunk be, majd mértiik fotokatalitikus tulaj-

Concemimation of aldehydsppm

és ultraibolya fénynek kitett, illetve sététben tartott gyongydkon
a metilénkék és acetaldehid indikatorok lebomlasat vizsgal-
tuk. A fotokatalitikus rétegek vastagsaga a gyongyokon kb.

L L i e Lo &1 da 400 nm volt. A kisérleti besugarzas soran nem tapasztaltuk
b Irricakion Tirms o a fényérzékeny rétegek lehamlasat a szilikagél gyongyokrdl.
A pormintakhoz képest a szilikagél gyongydk bevonatai-

Fig. 5. Photocatalytic performance of silica gel beads coated with Ag,VO, and nak fotokatalitikus aktivitasa szamottevoen nagyobb volt.

Pt loaded Ag,VO,, respectively in fluorescent light (a) decomposition of Kalonosen az Ag. VO, bevonatu szilikagél gyongyoknél volt
methylene blue and (b) decomposition of acetaldehyde jelentés a metilénkék lebomlasa (a 16 6ran at tarté fluo-
5. dbra AngO4 és p{?tin? kokataliza’lto'rt tartz?lmazé Ag VO, vegyiiletekkel bevont reszcens besugérzés alatt 10 mg/dm3 értékrdl kevesebb,
szilikagél gyongyok fotokatalitikus teljesitménye fluoreszcens fénybesugdrzds . P . Lo PR
hatdsa alatt. (a) metilénkék lebomldsa, (b) acetaldehid lebomldsa mint 0,01 mg/dm3 értekre). Az is ny|Ivanvanva valt, hOgy Pt
kokatalizator hozzaadasa a szilikagél gyongyok bevonatahoz
References javitotta annak fotokatalitikus teljesitményét.
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