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ABSTRACT

In this study, titanium dioxide (TiO, ) powder was coated onto the surface of a dendritic silver (Ag) carrier
to synthesize TiO,/Ag for decolorizing Procion red MX-5B (MX-5B), and related operation factors were
also studied. The results showed that even without ultraviolet-A (UVA) irradiation, the Ag carrier from
the TiO,/Ag catalyst had oxidizing ability, which could effectively degrade MX-5B color, but TiO, was
ineffective. In addition, TiO, from TiO,/Ag demonstrated photocatalysis performance when irradiated,
and the Ag carrier further showed an electron-scavenging ability to mitigate electron-hole pair recom-
bination, which can improve the photocatalytic efficacy. With the oxidization and electron-scavenging
ability of Ag and the photocatalysis ability of TiO5, TiO, /Ag can decolor MX-5B more efficiently than TiO,.
The heavier Ag carrier also improves the solid-liquid separation of nano-TiO,, making TiO,/Ag more
suitable for application in slurry systems of photocatalytic water treatment.

When the TiO,/Ag coating ratio was 50% by weight, there was a sufficient amount of TiO, on Ag’s sur-
face with a good distribution, and it exhibited a good photocatalysis decolorizing effect. In a study of how
operational factors impact the decolorizing of MX-5B in the TiO, /Ag photocatalysis system with UVAirra-
diation (UVA-TiO,/Ag), the decolorization efficiency was optimal when the solution was maintained at pH
6.35. The addition of 0.01 M hydrogen peroxide (H,0,) aided the photocatalysis decolorization efficiency,
although excessive H,0; reacted with hydroxyl free radicals and decreased the active groups in the sys-
tem, thereby reducing the photocatalysis activity. An operating temperature of 40°C was conducive to

MX-5B decolorization, which was better than operating at room temperature.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

With increasing environment protection awareness in recent
years, environment pollution issues have become major concerns;
among these issues, wastewater color is very important. Besides
causing color contamination as well as affecting waterbody clarity
and transmittance, some toxic dyes also pose hazards to organisms
in water bodies [1]. Common dye wastewater treatment methods
include biological (activated sludge) and chemical processes (the
Fenton process and coagulation) [2-5]. Coagulation processes and
the Fenton process have low equipment costs, but produce large
amounts of sludge; thus, additional costs for sludge treatment are
required. Using activated carbon to physically adsorb wastewater
color showed a significant effect, but it requires frequent replace-
ment, and the treatment expense is so high that its application is
not practical [6,7]. The above problems can be solved by using a tita-
nium dioxide (TiO,) plus ultraviolet (UV) photocatalysis method to
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remove dye color. In the presence of UV irradiation, TiO, excites
electron-hole pairs that can disrupt the molecular structure of
target pollutants, breaking the bonds and resulting in inorganic
material; thus, the addition of other chemicals is not needed, and
sludge formation can be avoided. In ordinary wastewater treat-
ment, TiO, powder with UV irradiation can remove dye wastewater
color [8-10], but TiO, powder is nano-sized, and it is difficult to
achieve solid-liquid separation by filtering or centrifuging meth-
ods; hence, its application is restricted. In general, TiO, is modified
so that its surface can carry nanoscale silver (Ag) [11-15]; this study
chose micro-sized Ag as the carrier, coated with TiO, powder to
synthesize a kind of TiO, /Ag composite photocatalyst, which differs
from previous studies. The Ag carrier uses its electron-scavenging
function to alleviate recombination of electron-hole pairs, which
are produced by TiO, under irradiation, thus increasing the photo-
catalytic effect. With a significant amount of higher density Ag as
the carrier, the oxidization ability contributed by Ag is expected to
enhance dye decolorization and improve the solid-liquid separa-
tion effect, increasing the ease of use.

Therefore, this study utilized TiO,/Ag with ultraviolet-A (UVA)
irradiation (UVA-TiO,/Ag) to decolor the azo dye, Procion red MX-
5B (MX-5B), in order to examine its performance in wastewater
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Table 1
Characteristics and structure of Procion red MX-5B [16].
Formula Molecular weight (g/mol) Amax (NM)
Cl
o=
N
C19H10Cl2NgNaz07S, 615 538 N=N N
T
NaO,S SO,Na

color treatment. Besides comparing the decolorization efficiency of
acommercial ST-01 TiO, and Ag carrier, this study also investigated
the effects of the TiO, coating ratio on the Ag carrier, operational
dye concentration, pH, temperature, and the addition of hydrogen
peroxide (H,0,) on decolorization in the UVA-TiO,/Ag system, as
well as the factors of decolorization activity of TiO, /Ag by a material
analysis, so that TiO,/Ag can be widely applied in dye wastewater
treatment.

2. Materials and experimental conditions

The dye used in the study was MX-5B purchased by
Sigma-Aldrich (St. Louis, MO, USA), and its chemical properties and
molecular structure [16] are given in Table 1. MX-5B is a monoazo
dye; its chromophoric group is an azo double bond which absorbs
light and affects visibility in water bodies.

The Ag carrier formation is based on the oxidation-reduction
principle: copper foil is added to a silver nitrate (AgNO3) solution,
and the solution is kept alkaline; then Ag particles are separated
onto the copper foil. The ion chemical reaction equation is:

2Ag* +Cu — 2Ag + Cut? (1)

As the electrostatic potential of the reaction is 0.5V, a sponta-
neous reaction can begin with no external energy. The Ag particles
are washed with deionized water to remove nitric radicals and then
allowed to dry. An alkaline solution of TiO, (STO1, Ishihara) was
prepared in a given weight ratio, put in solution, and stirred for
an uniform suspension, and then Ag was also put into the above
solution. Then the TiO, combines with Ag due to a difference in
the surface charges induced by the zeta potential, and the previ-
ously suspended TiO, coagulates with Ag to form a precipitate.
After washing out the alkalinity and drying the precipitate, the syn-
thesized nano-TiO,/Ag material [17] was obtained. A weight ratio
of TiO, coated onto the Ag surface of 50:100 was defined as 50 wt%
TiO, /Ag.

In this study, decolorization of MX-5B in UVA-TiO,/Ag was car-
ried out in a batch reaction. The reactor volume was 0.5L; the
reactor was entirely covered with a black curtain to exclude all
light. A 10-W UVA light was set on top of the reactor, about 20 cm
from the reactant solution meniscus; the luminance of the light

source over the reactant solution was 0.7 wW/cm?; and the total
irradiation time was 2h. A 100-mL solution of 30 ppm MX-5B
was injected into the reaction system, while 0.3 g of the catalyst
was added. After photocatalytic decolorization, the supernatant of
the solution was obtained via centrifugation, and injected into an
ultraviolet-visible (UV-vis) spectrophotometer (UV-2102, Unico,
USA) to obtain the absorbance values of the characteristic wave
peaks of MX-5B. Assuming Absg is the absorbance at the initial
concentration and Abs; is absorbance after photocatalysis reaction,
then the decolorization efficiency can be calculated by Eq. (2):

_ AbSO 7Ab$]

decolorization efficiency(%) = e x 100% (2)
0

In the material analysis, this study employed high-resolution
scanning electron microscopy (HRSEM, S-4700I, Hitachi, Japan)
and X-ray powder diffractometry (XRD, MXP18, MAC Science,
Japan) to inspect the surfaces of the prepared composite photocat-
alyst and determine its crystal structure. High-resolution surface
area and porosimetry analysis (ASAP2020 Micromeritics, USA) and
transmission electron microscopy (TEM, TECNAI 20, Philips, the
Netherlands) were used to analyze the porous structure of the
TiO,/Ag catalyst. X-ray photoelectron spectroscopy (XPS, ULVAC-
PHI Quantera, Japan) was used to verify the surface oxidation state
of the Ag carrier before and after MX-5B decolorization.

3. Results and discussion
3.1. Material analysis

Fig. 1a illustrates the surface of 50%wt TiO,/Ag as observed by
HRSEM. The prepared Ag carrier had a dendritic fern-leaf struc-
ture, with TiO, on the top. After magnification to 20,000x, it was
observed that fine TiO, particles were evenly distributed over the
Ag carrier surface (Fig. 1b). The material specific surface area is
given in Table 2. The specific surface area of the Ag carrier was
about 0.0182 m?/g, and its surface had no significant porosity; the
specific surface area of TiO, was 300 m2/g, while the specific sur-
face area of 50 wt% TiO,/Ag was 15.24 m?/g, and the porosity was
presumed to be from the TiO,.

Fig. 1. Surface observation of 50 wt% TiO, /Ag by HRSEM.
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Table 2
Material specific surface area analysis.

Material Ag TiOy 50 wt% TiO2 /Ag

0.0182 300 15.24

Surface area (m?/g)

Fig. 2 gives the TEM transmittance observations of Ag, TiO,,
and TiO,/Ag. The Ag surface was smooth without distinct poros-
ity as illustrated in Fig. 2a and b, consistent with the results of the
specific surface area. TiO, (Fig. 2c) showed a distinct porous struc-
ture. As to 50 wt% TiO,/Ag (Fig. 2d), the porous structure on the
left is TiO,, while the right part is the Ag surface without porosity,
thereby proving that the porosity of the 50 wt% TiO,/Ag was due
to TiOy’s contribution. The XRD spectra are shown in Fig. 3. The Ag
carrier produced signal peaks at 38.24°, 44.5°, 64.8°, 77.68°, and
81.96°, indicative of pure metallic Ag; TiO, produced signal peaks
at 25.84°, 38.48°, 48.44°, 54.98°, and 63.62°, indicating that this is
100% anatase TiO,, without the presence of other crystalline forms
such as rutile or brookite [18]. The XRD spectrum of 50 wt% TiO, /Ag
showed a combined waveform of metallic Ag and TiO,, proving that
the synthesis process did not disrupt their structures, weaken the
TiO, photocatalytic properties, or produce other chemical changes
to form other compounds.

3.2. Comparison among decolorization efficiencies of MX-5B by
TiO,, Ag, and TiO»/Ag

Fig. 4 gives the UV-vis spectra at different operation times of
MX-5B by 50 wt% TiO,/Ag, TiO,, and the Ag carrier with or without
UVA irradiation. The main absorption peak of MX-5B in the UV-vis
spectra appeared at 538 nm. The main absorption peak diminish-
ing at longer operating times indicates dye decolorization, and
larger differences between the original peak at O min and peaks
at longer operating times indicate better decolorization efficien-
cies. The 50 wt% TiO, /Ag with and without UVA irradiation showed
an MX-5B decolorization effect, and UVA irradiation enhanced the
decolorization performance of 50 wt% TiO, /Ag. TiO, with UVA irra-

———— 50%Ti0,/Ag

— TiO2
-..-.«__A..____/\___/;/\_A__ﬂ_‘-______

Intensity

—— Ag

0 20 40 60 80 100
20/degree

Fig. 3. XRD spectra of Ag, TiO,, and TiO,/Ag.

diation also decolorized MX-5B, but TiO, without UVA irradiation
was ineffective in degrading MX-5B. Without UVA irradiation, Ag
still showed the ability to remove MX-5B color, yet UVA irradiation
did not improve MX-5B decolorization by Ag. Some intermediates
may have been produced during MX-5B decolorization, but they
are not further discussed in this study.

The decolorization efficiencies of MX-5B by the Ag carrier and
50 wt% TiO,/Ag with or without UVA irradiation are illustrated
in Fig. 5. Without UVA irradiation, decolorization efficiencies of
MX-5B by Ag and TiO,/Ag were higher than that by TiO,; MX-5B

(a) Ag carrier

(¢) TiO,

(d) 50%wt TiOy/Ag

Fig. 2. TEM observations of Ag, TiO,, and TiO,/Ag.



Y.-C. Lin, H.-S. Lee / Journal of Hazardous Materials 179 (2010) 462-470 465

showed 40% decolorization efficiency by Ag and TiO,/Ag, however
the adsorption by TiO, was ineffective. Although TiO, has a porous
and crystal structure, as determined by the material specific sur-
face area measurement and TEM observations, those structures did
not enhance adsorption of the dye by TiO,. As the Ag carrier has no
porous structure, the dye could not be removed by an adsorption
mechanism, and the decolorization activity of Ag and TiO, /Ag with-
out irradiation was provided by Ag’s oxidizing ability, which was
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verified by the XPS analysis of Ag surface states before and after the
decolorization process without irradiation. Fig. 6 indicates that the
Ag surface state was metallic Ag (368 nm) before the reaction, and
after reacting with the dye, the surface state became Ag,O; thus, the
decolorization phenomenon was a result of an oxidative reaction
between Ag and the dye.

Fig. 5 shows that the Ag catalyst with UVA irradiation did not
enhance the MX-5B decolorization effect, which was comparable
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Fig. 4. UV-vis spectra at different operation times of Procion red MX-5B by 50 wt% TiO,/Ag, TiO,, and the Ag carrier with or without UVA irradiation.
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Fig. 5. Comparison of the decolorization efficiencies of Procion red MX-5B by TiO5,
Ag, and TiO, /Ag with or without UVA irradiation.

to the efficiency without irradiation. UVA irradiation improved
the MX-5B decolorization efficiency of both TiO,/Ag and TiO,. The
MX-5B decolorization efficiency of TiO,/Ag was obviously greater
than that of TiO,, because TiO,/Ag itself has both photocatalysis
and oxidization activities provided by TiO, and Ag, respectively, to
decolorize MX-5B. Furthermore, Ag in TiO,/Ag acted as an electron
scavenger, and delayed electron-hole pair recombination derived
from excitation of irradiated TiO,, thus promoting photocatalytic

original Ag carrier
------ reacted Ag carrier

Intensity
|

390 380 370 360 350
Binding Energy (eV)

Fig. 6. XPS analysis of Ag before and after the decolorization process without UVA
irradiation.

Table 3
Pseudo-first-order decolorization rate constants of the TiO, /Ag, TiO, and Ag systems
under UVA irradiation.

Type TiO,/Ag TiO, Ag
k (min~1) 0.0195 0.0129 0.0051
R? 0.950 0.958 0.903

decolorization. In addition, the reason for the good performance of
Ag|TiO, was that part of the electrons excited from the irradiated
TiO, may also transform the oxidation state of Ag to metallic Ag,
and restore the oxidation activity for MX-5B decolorization; the
reaction mechanism can be inferred as follows:

2Ag + 0, — Ag,0, 3)

TiOzTTiOZ +e” +h', and (4)
v

Agy0+2e~ — 2Ag+ 0y + 20 (5)

Sahel et al. [19] and Wu and Yu [20] reported that the photo-
catalytic decolorization of MX-5B approximates pseudo-first-order
kinetics. According to this equation, the rate constants of the pho-
tocatalytic decolorization of MX-5B by TiO,, the Ag carrier, and
TiO,/Ag were calculated and the results are given in Table 3, indi-
cating that the reaction constant of TiO,/Ag was obviously better
than that of TiO,.

3.3. Effects of TiO5/Ag at various TiO, coating ratios on the
decolorization efficiency of MX-5B

This study coated TiO, onto Ag particles at weight percentages
of 10, 30, 50, 70, and 90 wt% TiO,/Ag to examine the effects of the
TiO, coating ratio on the decolorization efficiency of MX-5B by the
UVA-TiO;,/Ag system. As shown in Fig. 7, the decolorization effi-
ciency of 50 wt% TiO,/Ag was better than those of other ratios of
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Fig.7. Comparison of the decolorization efficiency of Procion red MX-5B by TiO, /Ag
with various TiO, coating ratios.
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(e) 90wt% TlOzng

Fig. 8. Surface observations of TiO,/Ag with various TiO, coating ratios.

TiO,/Ag. When the coating percentage was 10-50 wt%, the decol-
orization efficiency improved with the TiO, coating ratio. However,
when the coating percentage was >50, 70 and 90 wt% TiO, /Ag were
inferior to 50 wt% TiO, /Ag in terms of the decolorization efficiency.
The reason can be explained by SEM, shown in Fig. 8. At 10-50 wt%
TiO,/Ag, TiO, particles carried on the Ag surface increased with
the ratio and were evenly distributed; but at 70-90 wt% TiO,/Ag,
excessive TiO, particles on Ag surface began to form particle stacks,
thereby reducing the photocatalysis surface area. As a result, the
photocatalytic effect fell in proportion to TiO, addition [21].

3.4. Effects of various initial concentrations of MX-5B on the
decolorization efficiency and TOC removal by UVA-TiO,/Ag

Fig. 9 shows the effects of various initial concentrations of MX-
5B on the decolorization efficiency and total organic carbon (TOC)
removal by UVA-TiO,/Ag. To measure TOC, hydrochloric acid was
used as an acidifier to decrease the solution pH to 2, then the
solution was injected into a TOC analyzer (TOC-5000, Shimadzu,
Japan) for analysis. TOC represents the content of organic carbon
in a water sample that cannot be detected by means of biologi-
cal oxygen demand or chemical oxygen demand determinations.
These organic carbons can cause bad odors in water bodies, and are
used by microorganisms as nutrient salts, thereby leading to micro-
bial breeding. When using TiO,/Ag to process high-concentration

MX-5B, both the decolorization efficiency and TOC removal were
lower; at a concentration of 100 mg/L, the TOC removal rate was
even <20%. The TOC removal rate was better when decolorizing low
concentrations of the dye. In general, with higher MX-5B concen-
trations, the decolorization efficiency by UVA-TiO,/Ag was worse.
This is because in addition to the concentration exceeding the load-
ing of the catalyst, when the treatment solution contained high
MX-5B concentrations, the solution color was darker and more dye
molecules blocked light access to the solution, thus causing UV
light-energy loss. Accordingly, TiO,’s photocatalytic activity deteri-
orated, leading to decreases in decolorization and the TOC removal
efficiency [15].

3.5. Effects of various pH values on the decolorization efficiency
of MX-5B by UVA-TiO,/Ag

The decolorization efficiencies of MX-5B by UVA-TiO, /Ag at var-
ious pH values are shown in Fig. 10. The initial pH of the 30 ppm
MX-5B dye solution was about 6.35, and 50wt% of the TiO,/Ag
photocatalyst irradiated by UVA for 2 h had an 80% decolorization
efficiency of MX-5B; as seen, the decolorization efficiency was the
best when the pH was not adjusted.

Before the photocatalysis process, when adjusting the solu-
tion to pH 3-5, the solution color change decreased to 1-2%,
which would not affect the photocatalysis decolorization efficiency.



468 Y.-C. Lin, H.-S. Lee / Journal of Hazardous Materials 179 (2010) 462-470

100
n + color
+ TOC
80 —
3
3 60—
=
2
£
£ i
©
3 40
£
Q
o
20 —

0

=1 = 1 * K = 1

0 20 40 60 80 100
MX-5B concentration (mg/L)

Fig. 9. Effects of various initial concentrations of Procion red MX-5B on the decol-
orization efficiency and TOC removal by UVA-TiO, /Ag.

The photocatalytic decolorization efficiency at acidic conditions
with UVA-TiO,/Ag was 70%. The decolorization efficiency in an
acidic condition was slightly lower than that in a neutral condi-
tion because H* increases in solution in an acidic condition, so that
the positive charge in solution rises (Eq. (6)), delaying the tendency
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Fig. 10. Effects of various pH values on the decolorization efficiency of Procion red
MX-5B by UVA-TiO, /Ag.
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Fig. 11. Effects of H,0, addition on the decolorization efficiency of Procion red
MX-5B by UVA-TiO, /Ag.

of Ag to form an oxidized state [22] (Eq. (7)), and further decreasing
the oxidation—decolorization activity of Ag. As a result, the general
decolorization efficiency fell.

HNO3; — H* +NO3~ (6)
Ag & Agt +e” (7)

When adjusting the pH to 9-11 without irradiation, the color of
the MX-5B solution decreased as the pH rose; when the pH reached
11, the color fell 20% compared to the case with no adjustment.
When adjusting the pH of the solution to 9, the decolorization effi-
ciency of MX-5B by the photocatalytic process was lower than that
without adjustment; when the pH was raised to 11, the photocat-
alytic decolorization efficiency dropped to 30%. It did not benefit
from alkalinity degrading the color, which differs from the results
of So et al., who suggested that alkaline conditions are conducive in
the UV-TiO, system to decolorize the MX-5B dye. In this study, the
decolorization efficiency by UVA-TiO,/Ag fell in alkaline conditions
because the Ag reacted with hydroxyl ions to form silver hydrox-
ide (AgOH), thus lowering the activities of Ag as it was functioning
as an electron scavenger and dye oxidizer. As a result, the decol-
orization efficiency fell; and the amount of TiO, was insufficient to
exert an advantage of an excellent decolorization ability in alkaline
conditions, thus failing to improve the decolorization efficiency.

3.6. Effects of H,0, addition on the decolorization efficiency of
MX-5B by UVA-TiO,/Ag

This study added various H,0, concentrations, and studied the
effects of TiO,/Ag combined with H,0, on the MX-5B decoloriza-
tion efficiency, as illustrated in Fig. 11. The background experiment
with 0.01 M H,0, with UV irradiation indicated no decolorization
effect. As shown in Fig. 11, there was about 80% decolorization
efficiency when H,0, was not added. After adding 0.01 M H,0,
to the dye, the decolorization efficiency increased by nearly 10%;
when the H,0, concentration was increased to 0.1 and 1 M, decol-
orization efficiencies were lower than that with 0.01 M H,0,. If the
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Fig. 12. Effects of various operating temperatures on the decolorization efficiency
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H,0, concentration was raised to 2 M, the decolorization efficiency
remained at only 70%. Therefore, the addition of 0.01 M H,0, pro-
moted degradation and decolorization by the UVA-TiO,/Ag system,
but excessive H,0, concentrations decreased the decolorization
efficiency. Daneshvar et al. [23] found that with photocatalysis
systems combining TiO, and H,05, in addition to more hydroxyl
free radicals, H,O, also played a role as an electron scavenger to
reduce the electron-hole recombination rate, thereby increasing
the photocatalytic efficiency. However, overly high concentrations
(>0.01 M) of H,0, reacted with hydroxyl free radicals, and the
resultant again reacted with hydroxyl free radicals and decreased
hydroxyl free radicals in the system, thereby leading to a fall in
the photocatalytic efficiency. Similar results were obtained in this
study, the UVA-TiO, /Ag system; thus, an appropriate concentration
H, 0, should be chosen to enhance the photocatalytic efficiency.

3.7. Effects of various operating temperatures on the
decolorization efficiency of MX-5B by UVA-TiO5/Ag

As shown in Fig. 12, when the operating temperature was
increased from a room temperature of 22 to 40°C, the decol-
orization efficiency of MX-5B rose accordingly; an increase in the
solution temperature implied an increase in the system reaction
activation energy, facilitating a rise of the decolorization efficiency.
However, when the reaction temperature reached 50 °C, the decol-
orization efficiency decreased because overly high temperatures
accelerate the recombination rate of electron-hole pairs excited
from the irradiated TiO,, thus lowering the photocatalytic decol-
orization efficiency, which is consistent with the results of Wu and
Yu [20], and Rauf and Ashraf [24].

4. Conclusions
This study coated TiO, onto an Ag carrier to synthesize a

TiO,/Ag photocatalyst. In the absence of UV irradiation, Ag from
the TiO,/Ag could effectively decolorize Procion red MX-5B due

to its own oxidizing activity. TiO, showed photocatalysis proper-
ties in the presence of UV irradiation, and Ag from the TiO,/Ag
also played a role as an electron scavenger, delaying the combi-
nation of electron-hole pairs. In the photocatalytic process, part
of the electrons excited from the irradiated TiO, transformed the
oxidation state of Ag to metallic Ag, which revived the oxidation
activity. Thus these described characteristics enhanced the photo-
catalytic activity of TiO,/Ag on MX-5B decolorization to a higher
level than with commercial TiO,. In addition, the heavier Ag carrier
improved the solid-liquid separation of nano-TiO,, thus contribut-
ing to TiO, /Ag being more suitable for application in slurry systems
for photocatalytic water treatment.

When the TiO, coating ratio of TiO,/Ag was 50 wt%, a suffi-
cient amount of TiO, particles was evenly distributed on the Ag
carrier surface, and its photocatalytic decolorization activity was
optimal. However, coating excessive TiO, led to particle stacking,
which decreased photocatalytic decolorization. When TiO, /Ag was
used at various pH values, the decolorization efficiency was opti-
mum at the initial solution pH (6.35). Acidic conditions inhibit
Ag’s oxidization activity for MX-5B decolorization; while alkaline
conditions enable Ag to form AgOH, and also lower the electron-
scavenging function and decolorization efficiency. The addition of
0.01 M H;0, aided the photocatalytic decolorization efficiency of
UVA-TiO;/Ag, but excessive H,0, (>0.01 M) in the solution reacted
with hydroxyl free radicals to decrease active groups in the sys-
tem, thereby reducing photocatalytic decolorization. When the
operating temperature rose from 20 to 40 °C, the temperature rise
facilitated TiO,/Ag photocatalysis to decolorize MX-5B. Overly high
temperatures caused an increase in the electron-hole pair recom-
bination rate and decreased the photocatalysis effect.

Due to the characteristics of the TiO,/Ag catalyst developed in
this study, its decolorization efficiency is present with or with-
out UV irradiation. In addition, preparation of the photocatalyst
is very simple, and the cost is economical, too. The results of this
study illustrate a new photocatalytic treatment method for dyed
wastewater and other pollutants, and further, can act as a basis
for developing effective photocatalysts in the absence/presence of
light irradiation.
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