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In order to improve the photocatalytic activity of ZnO, ZnO-SnO2 coupled catalysts and Ag/ZnO-SnO2 cat-
alysts with different Ag contents (1–5%) were prepared through the coprecipitation method. The samples
were characterized by X-ray diffraction, UV–vis diffuse reflectance spectroscopy, specific surface area, and
transmission electron microscopy combined with energy dispersive spectroscopy. The degradation rate
of methyl orange shows that the photocatalytic activity of ZnO-SnO2 coupled catalyst prepared at pH 7
oupled oxide powders
ilver
inc oxide
in oxide
hotocatalytic activity
ethyl orange

was higher than that of the coupled catalyst prepared at pH 10. After Ag was loaded on the surface of
coupled catalysts prepared at pH 7, the photocatalytic performance of catalysts was greatly improved.
The optimum Ag loading amount was found to be around 3%. The activity of 3%Ag/ZnO-SnO2 catalyst
was higher than that of the pure ZnO catalyst and the ZnO-SnO2 coupled catalyst prepared at pH 7 by
84 and 88%, respectively. Our study demonstrates that the combination of noble metal loading and the
semiconductor coupling on the surface of a semiconductor catalyst would be an effective way to improve

of ca

t
t
o
t
[
m
t
i
a
c
s
t
p
t
e
d
e

m
e

the photocatalytic activity

. Introduction

The hazardous wastes related to industrial activities, including
oxic contaminated air and organic wastewater have resulted in
erious worldwide environmental problems. Semiconductor pho-
ocatalysis has attracted increasing attention over the last two
ecades as an effective technique to eliminate the pollutants in
ir and wastewater [1–3]. While many efforts have been made
o put this technique into commercial application, many prob-
ems arise, such as the fast recombination rate of the photoexcited
lectron–hole pairs, which is the key factor in the process of
emiconductor photocatalysis [3]. Therefore, there has been much
nterest in lowering the recombination rate of electron–hole pairs
n order to improve the photocatalytic efficiency of semiconductor
hotocatalysts [4–7].

Coupling two semiconductor nanoparticles with different band
ap widths has been demonstrated in many studies as one of the
ost effective ways to slow the recombination of electron–hole

airs [8–25]. In contrast to the single semiconductor photocatalyst,
any coupled semiconductor systems, such as ZnO-Fe2O3 [8,9],
nO-WO3 [8,9], ZnO-SnO2 [10–17], TiO2-WO3 [18,19], TiO2-SnO2
20–24], TiO2-ZnO [25], have shown high photocatalytic efficiency
or increasing the charge separation and extending the energy range
f photoexicitation. Furthermore, the optimal photocatalytic activi-

∗ Corresponding author. Tel.: +82 2 2123 5754; fax: +82 2 312 6401.
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ies of coupled semiconductor systems have been obtained through
he controlled synthesis process. As for ZnO-SnO2 semiconductor
xides, different preparation methods have been applied, such as
he coprecipitation method [10,14–17], the hydrothermal method
11,12], the grinding method [13], the mechanical-ball milling

ethod [26], and the chemical vapor deposition method [27]. In
he coprecipitation method, the effect of the ratio of the start-
ng reagents (ZnSO4/SnCl4) [16], the selection of alkaline (NaOH
nd NH3·H2O) [15], and the annealing temperature on photo-
atalytic activities of coupled semiconductor system have been
tudied [10,15,17]. In the hydrothermal method, the hydrothermal
emperature and time were found to influence the size and mor-
hology of ZnO-SnO2 coupled semiconductor particles, which in
urn results in different photocatalytic activities [11]. Therefore,
nhanced photocatalytic activity can be obtained by coupling the
ifferent semiconductors and controlling the experimental param-
ters in the synthesis process.

In contrast to the coupled semiconductor system, loading noble
etals on the surface of semiconductor to trap the charge carri-

rs has been reported as another important method to improve the
hotocatalytic activity of semiconductor [7,28–35]. Various noble
etal-loaded semiconductor systems, including Ag, Pt, Au/ZnO

7,28–32], and Ag, Pt, Au/TiO2 [33–35], have been studied. The

ind, size and amount of noble metal loaded on the surface of
emiconductor particles were the major factors that affected the
hotocatalytic activities of semiconductor [7,29]. Consequently,
he improved photodegradation efficiency can be obtained by
ontrolled synthesis of a noble metal-loaded system [7,29]. In par-

http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej
mailto:swlim@yonsei.ac.kr
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icular, whether Ag-loaded ZnO catalysts were synthesized through
n one-step flame spray pyrolysis, simple coprecipitation [30], or
he solvothermal method [31], Ag-loading on ZnO catalysts exhib-
ted improved photocatalytic activity [29–31].

While coupling semiconductors or loading noble metals have
een shown to exhibit a beneficial influence on the photocatalytic
ctivity of semiconductor, there is no direct evidence for the possi-
ility of further improving the photocatalytic property of coupling
emiconductor system or noble metal-loaded semiconductor sys-
em. Recent studies have reported hydrogen production through
artial oxidation of methanol over gold catalysts by using a compos-

te support CuO/ZnO or MOx (M = Fe, Co, Zn)/TiO2 system [36,37].
uch a composite system has been verified to be active for hydrogen
roduction. Unfortunately, in the research of semiconductor pho-
ocatalysis, most studies have been concerned with either coupling
emiconductor or noble metal loading alone. Studies consider-
ng the possible benefits of combining coupling semiconductors
nd noble metal loading are much less common. In the present
tudy, the Ag-loaded ZnO-SnO2 coupled semiconductor has been
repared through the coprecipitation method. The photocatalytic
ctivity of Ag/ZnO-SnO2 was studied using methyl orange as a
odel organic pollutant. In addition, the effects of the pH value of

he solution used to synthesize the ZnO-SnO2 coupled semiconduc-
or and the annealing temperature for calcination were evaluated.
he present study aims to prepare an Ag/ZnO-SnO2 semiconduc-
or system and to characterize this new composite material and its
hotocatalytic activities in contrast to ZnO-SnO2 coupled semicon-
uctors and noble metal-loaded Ag/ZnO catalysts.

. Experimental

.1. Preparation of Ag/ZnO-SnO2 catalysts

ZnO-SnO2 coupled semiconductor nanoparticles were prepared
y the coprecipitation method, which is similar to that reported in
he literature [10]. Zinc sulfate hydrate (ZnSO4·7H2O, 99%, Aldrich)
nd tin chloride hydrate (SnCl4·5H2O, Aldrich) were used as zinc
nd tin precursors without further purification. ZnSO4·7H2O and
nCl4·5H2O in the molar ratio 2:1 were dissolved in 500 mL deion-
zed water. Then, lithium hydroxide monohydrate (LiOH·H2O, 99%,
ldrich) was added into the solution as the coprecipitant to adjust

he pH value to 7 and 10, respectively. The solution was agitated by
magnetic bead for 30 min at 60 ◦C. During this process, the solu-

ion became milky white, as the white precipitates were slowly
ormed. After the solution was cooled down to room temperature,
he precipitates were separated from the solution by centrifugation,
nd washed with deionized water three times in order to elim-
nate SO4

2− and Cl− ions on the surface of precipitates. The wet
recipitates were dried in an oven at 100 ◦C. Finally, two different
nO-SnO2 coupled semiconductor precursors were synthesized at
H 7 and 10. After annealing at 600 ◦C for 2 h, two kinds of precur-
ors were transformed into coupled ZnO-SnO2 catalysts, labeled
S7 and ZS10, respectively. They were also used as the bulk mate-
ials for preparing Ag-loaded ZnO-SnO2 catalysts.

The preparation of the Ag/ZnO-SnO2 catalysts was carried out
ccording to the procedure reported in the literature elsewhere
29]. Two grams of ZnO-SnO2 precursor prepared at pH 7 and 5 mL
f AgNO3 solution with variable concentration were mixed in a
eaker by agitating with a glass tube. Then the beaker was moved to

he oven and the mixture was dried at 110 ◦C for 30 min to obtain
he composite powders. The powders were subjected to calcina-
ion for 2 h at 400, 600, and 800 ◦C, to get Ag/ZnO-SnO2 powders
ith different Ag loadings (1, 3, and 5%, respectively). The three

oaded powders were labeled 1%Ag/ZS7, 3%Ag/ZS7, and 5%Ag/ZS7.
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p
p
p
m
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or comparison, pure ZnO powders were synthesized with zinc sul-
ate hydrate by the same procedure described above. The pure ZnO
owders prepared at pH 7 and 10 were labeled Z7 and Z10, respec-
ively. In addition, a 3% Ag-loaded ZnO system synthesized at pH 7
nd labeled 3%Ag/Z7, was also prepared.

.2. Photocatalytic experimental of Ag/ZnO-SnO2 catalysts

The photocatalytic experiments were conducted in a 500 mL
eaker under the illumination of a single UV light lamp (UVITEC,
VIlite LF215LS), which predominantly emits at 365 nm with a defi-
ite power of 15 W. For each condition, the reaction suspension was
repared by adding 200 mg catalysts into a 100 mL methyl orange
olution with an initial concentration of 10 mg/L. The suspension
as subjected to ultrasonic dispersion for 15 min, and then mag-
etically stirred for 30 min in the dark to ensure the equilibrium of
bsorption/desorption between dye molecules and photocatalysts.
ext, the suspension was irradiated by the UV lamp. During the
hotodegradation process, the UV lamp was positioned horizon-
ally above the surface of the suspension. The distance between UV
amp and the surface was set at 10 cm.

Analytical samples were taken out for measurement after
arious reaction times. The degradation efficiency of different pho-
ocatalysts was analyzed by UV–vis spectrophotometer (Optizen
120UV) at its maximum absorption wavelength of 465 nm. The
egradation efficiency as a function of reaction time was calculated
y the concentration ratio of the original and analytical samples.

.3. Characterization of Ag/ZnO-SnO2 catalysts

The catalysts were measured by a high resolution transmis-
ion electron microscope (HRTEM, JEOL, JEM-3010) combined with
nergy dispersive spectroscopy (EDS, Oxford) using an accelerating
oltage of 300 kV. X-ray diffraction patterns were obtained using
Mini X-ray diffractometer with Cu K�1 radiation at a scanning

peed of 2◦ min−1. Diffuse reflectance spectra of the catalysts were
ecorded with a UV–vis spectrophotometer (SCLNCO S-3100) in the
avelength range of 300–800 nm. Specific surface areas of the sam-
les were characterized with the Brunauer–Emmet–Teller (BET)
ethod using a Tristar 3000 gas (N2) analyzer.

. Results and discussion

.1. Characterization of ZnO-SnO2 coupled photocatalysts

Fig. 1 shows the XRD patterns of the ZnO and ZnO-SnO2 coupled
xide powders annealed at 600 ◦C for 2 h. For the pure ZnO powders
Z7 and Z10), all the diffraction peaks can be indexed as the typical
exagonal wurtzite with lattice constants in agreement with the
alues in the standard card (JCPDS 36-1451). No other diffraction
eaks are detected in the pure ZnO powders. However, the XRD
atterns of the coupled oxides (ZS7 and ZS10) consist of the indi-
idual components of ZnO and SnO2. The broadness of the SnO2
hase peaks is much wider than that of the ZnO diffraction peaks,
hich indicates the smaller size of the SnO2 crystal in the coupled

xide powders. When the pH value is increased from 7 to 10, no
ignificant phase changes are observed for both pure and coupled
xide powders.

Fig. 2 shows the TEM images of as-prepared ZnO (Fig. 2(a) and
b)) and ZnO-SnO2 coupled oxide powders (Fig. 2(c) and (d)). It

an easily be seen that the pure ZnO powders consist of irregular
articles around 100–150 nm, while the coupled oxide consists of
articles around 10–30 nm. Due to aggregation, the SnO2 and ZnO
articles are not distinguishable from each other. Therefore, the
ean sizes of SnO2 and ZnO were calculated by Scherrer Formula
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Fig. 1. XRD patterns of pure ZnO and ZnO-SnO2 coupled oxide powders.
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ig. 2. TEM images of pure ZnO and ZnO-SnO2 coupled oxide powders. (a) Z10, (b)
7, (c) ZS10, and (d) ZS7.

y selecting each (1 0 1) and (1 1 0) crystal plane, respectively. The
etailed size and surface area information of photocatalysts is listed

n Table 1. With an increase of pH value from 7 to 10, the mean size of
he ZnO particles increased from 100 to 150 nm, which is consistent

ith previous reports [38,39]. This may result from the increase

n zinc hydroxide concentration in the bulk solution [38], and/or
gglomeration of ZnO nanoparticles, when the pH of the solution
ncreases [39]. From BET measurements, the decrease in surface
rea of the powders from 7.3736 to 4.0904 m2/g is observed. How-

d
e
a
p
I

able 1
he microstructural characteristics of pure ZnO and ZnO-SnO2 coupled oxide powders

ample Mean size of ZnO (nm) Mean size of SnO2 (nm) Surfac

10 150 – 4.090
7 100 – 7.373
S10 32 5 52.502
S7 30 6 25.816
ig. 3. UV–vis absorbance spectra of pure ZnO and ZnO-SnO2 coupled oxide pow-
ers.

ver, it is strange for ZnO-SnO2 coupled oxide powders to abruptly
ncrease in surface area from 25.8169 to 52.5028 m2/g when pH
alue is increased from 7 to 10. It should be noted that the pH value
oes not significantly affect the mean sizes of ZnO and SnO2 in the
oupled oxide powders (see Table 1). It has been reported that the
pecific surface area increased with the increase of Sn content up
o 66.7 mol% for ZnO-SnO2 coupled oxide powders [16]. Therefore,
t can be suggested that the increase of surface area from pH 7 to 10
bserved in the present study may result from an increased ratio of
nO2 to ZnO in the coupled oxide powders. For all the samples, the
ize of ZnO is larger than that of SnO2, which may result from the
act that ZnO particles are inclined to grow bigger more easily under
nnealing than SnO2 particles [40]. Furthermore, the size of ZnO in
oupled oxide powders is much smaller than in pure ZnO powders,
hich is consistent with the previous study that the addition of

nO2 hinders the growth of ZnO crystal [41].
UV–vis absorbance spectra for pure ZnO and ZnO-SnO2 coupled

xide powders are shown in Fig. 3. In general, the sharp UV–vis
bsorption curve of samples indicates good crystalline quality [29].
rom Fig. 3, it is observed that the UV–vis absorption curves of pure
nO powders are sharper than those of the coupled oxide powders,
hich indicates the higher crystalline quality of pure ZnO powders.

he band gap energy was calculated by determining the absorp-
ion edges of different oxide powders [42], as shown in Table 1. The
and gap energy of coupled oxide powders is lower than that of
ure ZnO powders. For the coupled oxide powders, the band gap
nergy arises from the synergistic effect of ZnO and SnO2 [11,42]. A
nO2 semiconductor has an indirect band gap energy of 2.6 eV [43],
hich may be the reason that the band gap energy decreases when

he ZnO particles are coupled with SnO2 powders. In addition, it
as reported that the band gap energy of coupled oxide powders
ecreased with a higher Sn content [16]. The decrease in band gap

nergy is also observed when the oxide powders were prepared at
higher pH value. The lower band gap energy for the sample pre-
ared at pH 10 may result from a higher Sn content in the powders.

n conclusion, TEM, XRD, BET and UV–vis DRS results demonstrate

e area (m2/g) Absorption wavelength (nm) Band gap energy (eV)

4 404 3.07
6 399 3.11
8 410 3.02
9 406 3.05
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Fig. 4. XRD patterns of Ag-loaded ZS7 catalysts.

hat the pH value influences the size of the pure ZnO powders, the
atio of SnO2 to ZnO, and the band gap energy of the coupled oxide
owders.

.2. Ag/ZnO-SnO2 characterization

Fig. 4 shows the XRD patterns of ZS7 photocatalysts with differ-
nt Ag loadings after annealing at 600 ◦C. The diffraction peaks of
nO, SnO2, and Ag are observed for the Ag-loaded ZnO-SnO2 cou-
led semiconductor catalysts. No silver oxide diffraction peaks are
ound in the patterns, indicating that the silver has been formed
hrough the calcinations. For 1%Ag/ZnO-SnO2 catalyst, the signals
f silver species are not obvious, which can be attributed to the low
ilver content and the high dispersion of silver particles on the cou-
led oxide supports. However, with the increase of silver loading,
he silver particles agglomerated in accordance with the sharper
ilver diffraction peaks.

XRD patterns of 3%Ag/ZS7 annealed at 400 and 800 ◦C are shown
n Fig. 5. It is reported that crystalline ZnO-SnO2 coupled oxide

owders can be obtained only at an annealing temperature above
00 ◦C for 2 h [17]. However, from Fig. 5, it is observed that calci-
ation at a temperature above 400 ◦C is needed for the formation
f crystalline SnO2 in our present work. In addition, no diffraction

ig. 5. The effect of annealing temperature on the XRD patterns of 3%Ag/ZS7 cata-
ysts.
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eak representing for silver is obtained in the XRD pattern when
he annealing temperature is 400 ◦C. When the annealing temper-
ture is increased to 600 ◦C (see Fig. 4), the crystalline SnO2 and Ag
o form. With a further increase of the annealing temperature to
00 ◦C, a new spinel-type Zn2SnO4 type is formed, which originates
rom the solid reaction between ZnO and SnO2 [44]. However, the
ower peak intensity of Zn2SnO4 represents its lower content than
nO and SnO2 in the powders. In addition, the diffraction peaks of
nO and SnO2 become sharper, indicating the increase of crystal
ize and improvement of crystallinity. The specific surface areas of
%Ag/ZnO-SnO2 annealed at 400, 600, and 800 ◦C were measured
o be 40.9766, 24.5230, and 6.2309 m2/g, respectively.

Fig. 6 shows the TEM images and EDS spectra of Ag-loaded ZS7
hotocatalysts. From TEM images, it is observed that the amount of
ilver loading has little influences on the size and distribution of the
oupled photocatalysts. From the EDS elemental composition sig-
als, Zn, Sn, and O elements have been observed. No apparent peaks
f silver can be observed at low concentration of silver loading (1%).
owever, when the silver loading is increased to 3%, the diffraction
eaks of silver become obvious and sharper. The intensity is further

ncreased when the silver loading reaches 5%.
On the other hand, the absorption wavelengths of UV–vis

pectra for Ag-loaded ZS7 samples were characterized to be
02–403 nm regardless of Ag loading amount (data not shown),
xhibiting a slight blue shift in contrast to ZnO-SnO2 powders
ithout silver loading (406 nm). Not only the silver loading, but

lso the annealing temperature affects the absorption wavelength.
he absorption wavelength of 3%Ag/ZS7 was increased from 401 to
05 nm when the annealing temperature was increased from 400
o 800 ◦C, which is similar to the previous study [15]. It is known
hat the band gap energy of the semiconductor is related to the pho-
ocatalytic activity of the catalysts [1]. The larger band gap energy
ndicates the greater redox capacity of the catalysts [1]. Therefore, it
s suggested that the amount of silver loading and the temperature
f annealing have a great impact on the redox capacity of catalysts
o photogenerate more electron–hole pairs in the photocatalytic
rocess.

.3. Photocatalytic activities of the catalysts

.3.1. Effect of pH value on the activities of coupled photocatalysts
Fig. 7 shows the degradation rate of methyl orange over ZnO and

nO-SnO2 catalysts prepared at different pH values. The catalysts
repared at pH 7 exhibit higher photocatalytic activity than those
repared at pH 10. The higher electrostatic repulsion between the
ethyl orange anion (pK1 = 3.46) and the highly negative charged

xide surface deteriorates the activity of catalysts [10]. Therefore, in
he present study, it is suggested that the pH value in the synthesis
rocess of the catalysts affects the charged situation of catalysts’
urface, which in turn influences the adsorption of the anion. A
igher pH value may induce the formation of a highly negatively
harged oxide surface, which weakens the photocatalytic activ-
ty.

From Fig. 7, it is also noted that the degradation rate for cou-
led oxide powders prepared at pH 7 is higher than that of
ure ZnO powders prepared at the same pH level. This would be
scribed to the hetero-junctions of ZnO-SnO2, which would effec-
ively separate the photogenerated electron–hole pairs. However,
t is interesting that the coupled catalyst prepared at pH 10 exhibits
lower photocatalytic activity than the pure ZnO powders synthe-
ized at the same pH value, although it has a larger surface area (see
able 1). The previous study demonstrated that the photocatalytic
ctivity of coupled oxide powders is closely related to the ratio of
he two oxides [16,18,19]. Therefore, it is suggested that the higher
atio of SnO2 in the catalysts prepared at pH 10 may be harmful
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Fig. 6. TEM images and EDS spectra of Ag-loaded ZS

o the overall photocatalytic activity because of its intrinsic low
hotocatalytic capability.

.3.2. Effect of silver loading on the activities of coupled
hotocatalyst

The effect of Ag loading on the photocatalytic activity of ZnO-
nO2 coupled oxide powders is shown in Fig. 8. The degradation of
ethyl orange for Ag-loaded ZS7 catalysts was monitored to mea-

ure the photocatalytic activity. For the catalysts annealed at 600 ◦C,

he photocatalytic activity increased with the increase of Ag load-
ng from 1 to 5%. The improvement of photocatalytic activity by Ag
oading is attributed to the alignment of the Fermi levels of the silver
nd the semiconductor, which makes the electrons flow to the silver
rom semiconductors, thus resulting in the effective separation of

a
c
d
b
A

lysts. (a) 1%Ag/ZS7, (b) 3%Ag/ZS7, and (c) 5%Ag/ZS7.

he generated electron–hole pairs [3]. However, the performance of
he 5%Ag/ZnO-SnO2 does not show as great an improvement as that
f the 3%Ag/ZnO-SnO2. This may be due to the agglomeration of sil-
er particles, which reduces the chances of silver particles attaching
n the surface of the semiconductor. Therefore, 3%Ag is suggested
s the optimal loading amount, to limit the consumption of AgNO3
hemicals in the synthesis process.

Fig. 8 also demonstrates the effect of annealing temperature on
he activity of 3% Ag-loaded ZS7 catalysts. The catalyst annealed

t 600 ◦C shows the highest conversion performance, while the
atalyst annealed at 400 ◦C exhibits the lowest performance. The
ecrease in the performance of catalyst annealed at 400 ◦C may
e attributed to its unmatured crystallinity, as shown in Fig. 5.
lthough there is no signal of Ag in the XRD pattern at 400 ◦C (see
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ig. 7. Photodegradation of methyl orange solution using pure ZnO and ZnO-SnO2

oupled oxide powders annealed at 600 ◦C.

ig. 5), Ag particles will be formed from silver ions during the UV
rradiation in the photocatalytic process for photoreduction [45],
mproving the performance of catalysts. For the catalysts annealed
t 800 ◦C, the decrease of the surface area and the formation of
n2SnO4 may degrade its photocatalytic activity greatly.

For comparison, pseudo first-order rate constants of Z7, ZS7,
%Ag/Z7, and 3%Ag/ZS7 catalysts are shown in Fig. 9. The rate con-
tant of 3%Ag/ZS7 is higher than that of 3%Ag/Z7, ZS7, and Z7 by 33,
4, and 88%, respectively. In this study, it is found that silver loading

mproves the photocatalytic activity of ZnO catalysts compared to
oupling SnO2 on ZnO support. In addition, the combinative role
f silver loading and coupling of SnO2 on ZnO support is observed.
s previously mentioned, the ZnO-SnO2 hetero-junctions would

mprove the performance of the coupled oxide catalysts. However,
here will be conflicting factors which will suppress the photo-
atalytic activity of coupled catalysts, such as the aggregation of
nO particles without attachment of SnO2, and the aggregation

etween SnO2. To remove those conflicting factors, Ag particles
ere deposited on the surface of ZnO-SnO2 hetero-junctions and

ach of the ZnO and SnO2 aggregates. The Ag particles loaded on
he surface of ZnO and SnO2 aggregates may act as the trapper
f photogenerated electrons to enhance the conversion perfor-

ig. 8. Effects of silver loading and annealing temperature on the photocatalytic
ctivity of Ag-loaded ZS7 catalysts.
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ig. 9. Pseudo first-order rate constants of catalysts Z7, ZS7, 3%Ag/Z7 and 3%Ag/ZS7.

ance. In addition, it is suggested that the photocatalytic activity
f ZnO-SnO2 hetero-junctions would not be damaged by Ag load-
ng, which may result from the fact that photogenerated electrons
ave one more channel for being effectively separated from the
lectron–hole pairs. Therefore, the conflicting factors in the cou-
led oxide catalyst can be improved by Ag loading. As a result,
he Ag-loaded coupled semiconductor photocatalyst exhibits the
ighest photocatalytic activity as compared to ZnO-SnO2 coupled
emiconductor and Ag-loaded ZnO catalyst.

. Conclusions

ZnO-SnO2 coupled oxide powders were prepared through
oprecipitation method at pH 7 and 10. It was found that pH value
as a little influence on the size of catalysts. However, the ratio
f SnO2 to ZnO in the coupled oxide powders increased with the
ncrease of pH value from 7 to 10. The coupled catalyst prepared at
H 7 exhibited a better activity than that prepared at pH 10 for the
ppropriate ratio of ZnO-SnO2.

The Ag-loaded ZnO-SnO2 catalysts were synthesized using cou-
led oxide powders prepared at pH 7 as support. With the increase
f Ag loading from 1 to 5%, the photocatalytic activity was improved.
owever, 5%Ag/ZS7 catalyst exhibited a little higher photocatalytic
ctivity than 3%Ag/ZS7, which demonstrates that the optimum Ag
oading is around 3%, considering the consumption of AgNO3 chem-
cals. The photocatalytic experiments also show that 3%Ag/ZS7
atalyst annealed at 600 ◦C with a high specific surface area and
rystallinity has the fastest photodegradation rate of methyl orange
s compared to that annealed at 400 ◦C and 800 ◦C. In addition, the
seudo first-order rate constant of 3%Ag/ZS7 was higher than that
f 3%Ag/Z7, ZS7, and Z7 by 33, 84, and 88%, respectively. The high-
st photocatalytic activity of 3%Ag/ZS7 is likely ascribed to the dual
ole of noble metal loading and coupling semiconductor to separate
hotogenerated electron–hole pairs more effectively.
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