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ABSTRACT

Photocatalytic degradation of chloramphenicol (CAP) and tartrazine (TAZ) was studied in
the aqueous suspensions of silver-modified TiO, (Ag/TiO;) nanoparticles under ultraviolet
(UV) light irradiation. Ag/TiO, nanoparticles were prepared with chemical reduction
method and characterized by X-ray diffraction (XRD), scanning electron micrographs (SEM),
energy dispersive X-ray micro analysis (EDX), transmission electron microscope (TEM), and
X-ray photoelectron spectroscopy (XPS) techniques. XPS measurement indicates that Ag
mainly exists in the Ag’ state on the TiO, nanoparticles surface. The effects of the
operational parameters, such as silver concentration, photocatalyst loading, initial substrate
concentration, light intensity, and calcination temperature were evaluated. It was found that
the photocatalytic efficiency of TiO, nanoparticles for the degradation of CAP and TAZ can
be significantly improved by depositing an optimum amount of Ag nanoparticles. By com-
paring the removal efficiency of CAP and TAZ at the similar conditions, it was observed that
the photodegradation rate of TAZ was faster than that of CAP. Total organic carbon (TOC)
removal was measured at optimum conditions to quantify the mineralization of the
pollutants. Above 84 and 89% mineralization of CAP and TAZ was observed using 120 min
irradiation.

Keywords: Photocatalytic degradation; Chloramphenicol; Tartrazine; Ag-TiO, nanoparticles;
Chemical reduction

1. Introduction

Environmental pollution is the area of concern
which inevitably requires deeper attention. Currently,
due to industrial growth, the environmental pollution
has been steadily escalated reaching to a critical level
in the developing countries. In this regard, the dis-
charge of effluents containing high concentrations of
dyes and pharmacy wastewater pollutants has exacer-
bated the problem of environmental pollution. Dyes
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as water pollutants are nonbiodegradable and releas-
ing them into the environment poses a significant
threat to the surrounding ecosystems. Tartrazine
(TAZ), one of them, although used as a cosmetic,
drug, and food coloring dye, is considered highly
toxic for humans due to its high solubility which is
found in high amounts in industrial effluents [1-4].
Recently, a lot of studies have concentrated on the
degradation of pharmacy wastewater pollutants.
Pharmaceuticals including antibiotics are present in
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municipal sewage, largely as a result of human excre-
tion. Antibiotic substances are not readily biodegrad-
able and either pass through biological treatment
plants intact or adsorb into the active sludge with sub-
sequent desorption accumulating in the environment
ultimately. It is clear that the presence of antibiotics in
wastewaters and their abatement will be a significant
challenge in the near future [5-7]. Among the antibiot-
ics, chloramphenicol (CAP) is a broad-spectrum
antibiotic exhibiting activity against both Gram-posi-
tive and Gram-negative bacteria, as well as other
groups of micro-organisms. However, CAP is, in cer-
tain susceptible individuals, associated with serious
toxic effects in humans including bone marrow
depression, particularly severe in the form of fatal
aplastic anemia [8-10].

In recent years, lots of efforts were made towards
the development of new technologies for the degrada-
tion of water pollutions. In this field, the advanced
oxidation processes (AOPs) is one of the major path-
ways for the near ambient degradation of wastewater
contaminants, as they can provide almost total degra-
dation. Although few studies on the performance of
AOPs for oxidizing antibiotics are available, AOPs
appear to be effective for oxidizing antimicrobial
contaminants [11,12]. Among the various AOPs, heter-
ogeneous semiconductor photocatalysis using TiO, as
the photocatalyst is found capable of achieving
complete oxidation of the water pollutants via the
hydroxyl radicals (*OH) and/or valence band (vb)
holes (h") generated when the semiconductor is
exposed to UV irradiation [13-15]. The high rate of
recombination between photogenerated electron-hole
pairs is a major rate-determining factor controlling the
photocatalytic efficiency. This efficiency can be
improved by depositing noble metals on it. The pres-
ence of metal atoms or clusters may help the electron-
hole separation by trapping photoelectrons and
thereby facilitating the photo-oxidation. Among the
various metals, namely Pt, Pd, Ag, Au, Rh, etc. that
have been utilized for increasing the photocatalytic
activity of semiconductors, silver (Ag) is particularly
suitable for industrial applications due to its low cost
and availability [16-18].

The different methods such as photodeposition,
impregnation and other methods have been applied to
prepare Ag/TiO, nanoparticles [19-21]. Nevertheless,
there are rare studies concerning the photocatalytic
degradation of pollutants using Ag/TiO, nanoparti-
cles prepared by chemical reduction method [22].
Various researchers have studied the photodegrada-
tion of CAP and TAZ using pure TiO, nanoparticles
[9,10,23]. In addition, there are many reports about
the photocatalytic removal of similar pollutants
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[11,24-27]. To our knowledge, there is no systematic
study dealing with comparative photocatalytic
removal of an antibiotic and an azo dye with different
molecular structure using Ag/TiO, nanoparticles
obtained via chemical reduction methods.

In our recent study, the photocatalytic degradation
of CAP and TAZ using pure TiO, and silver-modified
TiO, nanoparticles in the presence of UV-irradiation
has been investigated. Ag/TiO, nanoparticles have
been synthesized by chemical reduction method and
characterized using X-ray diffraction (XRD), scanning
electron micrographs (SEM), X-ray micro analysis
(EDX), transmission electron microscope (TEM), and
X-ray photoelectron spectroscopy (XPS) techniques.
Along the way, the effects of various operational
parameters (silver concentration, photocatalyst load-
ing, initial substrate concentration, light intensity, and
calcination temperature) have been evaluated to maxi-
mize the degradation of CAP and TAZ under investi-
gation. Extent of photodegradation and mineralization
has been measured by using UV-vis spectrometer and
total organic carbon (TOC) analyzer, respectively.

2. Experimental
2.1. Materials

CAP as a model antibiotic pollutant, and TAZ as a
model pollutant from textile industry are purchased
from Panreac and ACROS organics, respectively.
Structure and other characteristics of the two pollu-
tants are given in Table 1. TiO,-P25 Degussa, 80%
anatase, 20% rutile; BET area 50m?/g; primary size
21 nm were used as supporting material. Silver nitrate
(AgNO3, 99.9%) and sodium borohydride (NaBH,,
98%) were purchased from Merck.

2.2. The preparation of Ag/TiO, nanoparticles

The Ag/TiO, nanoparticles were prepared by
chemical reduction method. In this method, silver-
modified TiO, nanoparticles were prepared by reduc-
ing Ag” ions to Ag metal on the TiO, surface. In this
paper, AgNO; and NaBH, were used as source of sil-
ver ion and reducing agent, respectively. In brief, 2¢g
of TiO, was added to 100mL of deionized water.
Then the required amount of AgNO; was added into
the suspension of TiO,. Afterwards, a proper volume
of NaBH, was added dropwise to the reaction mixture
to obtain the Ag loadings of 0.25, 0.5, 1.0, 1.5, 2.0, and
2.5wt.% in relation to TiO,. The mixture was kept stir-
ring vigorously by magnetic stirrer for 30 min. Finally,
the suspensions were dried in an air oven at 100°C
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Table 1
Structure and characteristics of CAP and TAZ
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Chemical structure Cl e

HN
HO, x H
+
oo

Molecular formula C11H]2C12N205

Other names

nevimycin, vernacetin, veticol

IUPAC name 2,2-Dichloro-N-[(1R,2R)-2-hydroxy-1-
(hydroxymethyl)-2-(4-nitrophenyl)ethyl]
acetamide

C.I. number 56-75-7

Amax (nm) 275

M,, (g/mol) 323.13

Alficetyn, amphicol, biomicin, chlornitromycin,
chloromycetin, fenicol, phenicol, medicom,

Pocass
| 0

X

C16H9N4Na30952
C.I acid yellow 23, C.I. food yellow 4, E102,
FD&C yellow 5

4,5-Dihydro-5-oxo-1-(4-sulfophenyl)-4-
[(4-sulfophenyl)azo]-1H-pyrazole-3-
carboxylic acid trisodium

19,140

429

534.385

for 12h and the dried solids were calcined at 300°C
for 3h in a furnace. The scheme of the preparation
has been shown in Fig. 1.

2.3. Photoreactor and procedure

For the photocatalytic degradation of CAP and
TAZ, a solution containing known concentration of
pollutant (CAP or TAZ) and nanoparticle (pure or
silver-modified TiO, nanoparticles) was allowed to
equilibrate for 30 min in the darkness and then 100 mL
of the prepared suspension was transferred into a
borosilicate petri dish (12cm diameter and 2.5cm
height) as a photoreactor. The reaction mixture was
stirred vigorously under the illumination of UV-C light

Ag*

AgNO,

S8 R

Tio, Tio,

Fig. 1. Scheme of the preparation of Ag/TiO, nanoparticles.

from top of the solution using a UV lamp (15W, UV-C,
Jmax =254 nm manufactured by Philips, Holland). The
distance of lamp from the solution was adjusted in
such a way that light intensity of 50W/m” was
obtained on the surface of solution, which was mea-
sured by a Lux-UV-IR meter from Leybold Company.
For kinetic studies, at certain reaction intervals, 5 mL of
sample was withdrawn. To remove the Ag/TiO, parti-
cles from the reaction media, the solution was centri-
fuged for 15min at 5,000rpm. The concentration of
CAP and TAZ was determined with a UV—vis spectro-
photometer at 275 and 429 nm, respectively. Calibra-
tion plot based on Beer-Lambert’s law was established
by relating the absorbance to the concentration. All the
photodegradation experiments were carried out at

Ag ‘e,
o0
[ J ( J
NaBH, ® PY
W [ J Ti0, °
¢ ( J
d °
®e



A. Jodat and A. Jodat | Desalination and Water Treatment 52 (2014) 2668-2677

room temperature with pH of about 6.5, which is the
natural pH of the reaction medium.

The photocatalytic degradation of CAP and TAZ
follows a pseudo-first-order kinetics which is gener-
ally expected from an Ag/TiO, photocatalytic degra-
dation system. The pseudo-first-order rate constant,
kipp was determined from the slope of In(C/Cp) vs
irradiation time according to the following relation:

C
—1nC—O = kappt (1)

where f is the irradiation time, C, is the initial concen-
tration of pollutant (mg/L), and C is the concentration
of pollutant (mg/L) at time ¢ [28].

2.4. Characterization and analytical methods

The crystalline phase of nanoparticles were
analyzed by XRD measurements by using Siemens
XRD-D5000 (2 =0.154 nm). Morphological studies were
conducted using a SEM (SEM, Viga II, 3 x 10°, USA)
equipped with a probe for the energy dispersive X-ray
microanalysis (EDX). The surface properties were
observed under TEM (PHILIPS CM 10-100keV). The
surface chemical composition of samples was ana-
lyzed by XPS (XPS, twin anode XR3E2 X-ray source).
All the binding energies were referenced to the Cls
peak at 284.8eV of surface adventitious carbon. An
ultrasonic bath from Elma (model T 460/H, Singen,
Germany) was used for the sonication of samples. A
UV lamp (15W, UV-C, Apnax=254nm, manufactured
by Philips, Holland) was used as the excitation source.
Additionally, a UV-vis spectrophotometer (Ultrospec
2000, England) was used for the measurement of the
concentration of CAP and TAZ. Finally, concentration
of TOC in the solution was measured using a TOC
analyzer (Shimadzu, TOC-Vcgp).

A: Anatase
R: Rutile

Counts

(b)

35 40 45 50

20 25 30

Mo A W@
55 60 65
2 Theta

Fig. 2. XRD patterns of: (a) pure TiO, and (b) 1.5wt.% Ag/
TiO, nanoparticles.
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3. Results and discussion
3.1. The characterization of silver doped TiO, nanoparticles

Fig. 2(a) and (b) shows the XRD pattern of pure
and silver-modified TiO, powders by the optimum
amounts of Ag prepared by chemical reduction
method. The peaks in the XRD patterns correspond to
the anatase and rutile phases of the pure TiO,. The
results reveal that there is no difference between the
XRD patterns of the prepared nanoparticles and that
of the pure TiO,. No sign of Ag crystals is seen in the
XRD results obtained from both calcined and
noncalcined samples at all Ag-loaded concentrations
suggesting that either the Ag is not in the crystal form
or the extent of deposition is not detectable by XRD
analysis. This may also be due to the fact that loading
does not alter the crystal structure of Ag/TiO, [18].

Both the photocatalysts TiO, and silver-modified
TiO, were characterized by the SEM to determine the
morphology of TiO, and Ag/TiO, nanoparticles.
Comparison of the SEM micrographs of pure TiO,
and Ag/TiO, nanoparticles proved that loading of Ag
nanoparticles did not affect the spherical shape of
TiO, particles (Fig. 3). The EDX analysis (Fig. 4) also
confirmed the loading of Ag on TiO,.

The TEM image of the Ag/TiO, nanoparticles pre-
pared by chemical reduction is shown in Fig. 5. The
shape and size of the titanium crystallites were
unchanged as a result of surface modification by silver
particles. The silver particles (black dots indicated)
were located on the surface of the individual TiO,
nanoparticles. Also, there is a possibility for silver to
be incorporated into the interstitial positions of the
semiconductor particles [29]. The estimated range of
the deposited silver nanoparticles was 2-10nm.
Agglomerates of metallic silver were also observed on
TiO, in addition to small Ag particles.

To confirm the metallic state of the silver on the
surface of these samples, the resultant catalyst sam-
ples were further characterized by XPS measurement.
Fig. 6(a) and (b) shows the XPS profiles of the pre-
pared Ag/TiO, nanoparticles. Besides, sharp peaks
for Ti, O, Ag, and C are detected. Fig. 6(b) is Ag 3d
core level XPS scan over smaller energy windows at
higher resolution. The Ag 3d5/2 peak appeared at a
binding energy of 367.3eV and the splitting of the 3d
doublet is 6.0eV. This binding energy indicates that
Ag mainly exists in the Ag’ state on the TiO, nano-
particle surface [30,31].

3.2. Photocatalytic activity studies

According to Fig. 7, the photocatalytic degradation
rates of the pollutants under similar conditions,
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(a)

SEM HV: 15.00 kv WD 60649 men
Date(midyic 010102 Vac: Hiviac

(b)
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SEM HV: 15.00 kv WD 60040 mmy 500 nm

Date(midyic 010102 Vac: Hivac

Fig. 3. SEM micrograph of: (a) pure TiO, and (b) 1.5wt.% Ag/TiO, nanoparticles.

8 cpsfeV
T Ti
o unn.C norm.C Atom. C
Element  Series [Wt-%] [Wt-%] [at-%]
Oxygen Kseries 15.44 23.77 48.51
Titanium K series  48.69 74.93 51.10
4 - Silver L series  0.84 1.30 0.39
Total 65.0
2 -
Ti N Ag
S ||
0- 4 -
0 5 10 15

Fig. 4. EDX analysis of 1.5wt.% Ag/TiO, nanoparticles.

notably, depend on the activity of the used catalyst.
Results showed that the Ag/TiO, catalyst is more
active than pure TiO, at degradation of CAP and
TAZ. It was also observed from this Figure. that TAZ
can undergo fast photocatalytic degradation compared
with CAP. Based on the comparative studies, it may
be inferred that the effect of silver metal depends
strongly on the kind of pollutants. As mentioned in

the introduction part, the electron and the hole are
generated wupon irradiation of a semiconductor
surface. A semiconductor is characterized by an
electronic band structure in which the highest
occupied energy band of a semiconductor called
valence bond (vb), and the lowest empty band called
conduction band (cb) are separated by a band gap.
Heterogeneous photocatalysis is a process in which a
photon of energy higher or equal to the band gap
energy is absorbed by a semiconductor particle like
TiO, promoting an electron from the vb to the cb with
simultaneous generation of a hole (h") in the vb.

As it can be observed from Fig. 8, when TiO, is
illuminated with the light, an electron excites out of
its energy level and consequently leaves a hole in the
vb. Indeed, electrons are promoted from the vb to the
cb of TiO, to give electron-hole pairs Eq. (2). The
holes at the TiO, vb can oxidize the adsorbed water
or hydroxide ions to produce hydroxyl radicals Egs.
(3) and (4).

TiO, + hv — e, +h, (2)

Fig. 5. TEM micrograph of 1.5wt.% Ag/TiO, nanoparticles.
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Fig. 6. XPS spectra of (a) Ag/TiO, nanoparticles and (b)
The high resolution spectrum of Ag 3d region.
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Fig. 7. Pseudo-first-order kinetics of the photocatalytic
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h;’b +H,0,4s — 'OH+H" (3)
h}, + OH,4s — OH (4)

Electron in the cb on the catalyst surface can
reduce molecular oxygen to superoxide radical anion
Eq. (5). This radical may form hydrogen peroxide Eq.
(6).

ey + 0, — O; (5)

The hydroxyl radical is a powerful oxidizing agent
and attacks the organic matter (OM), and intermedi-
ates (Int.) are formed. These intermediates react with
hydroxyl radicals to produce final products (P) Eq. (7)
[7,28].

‘OH,4s + OM — Int. — P (7)

The phenomenon of electron-hole recombination is
extremely efficient in the absence of a proper acceptor
or donor and hence represents the major energy-wast-
ing step. In bare or pure TiO,, about 90% of the
excited charge carriers (electron and hole) get
recombined rapidly within and/or at the surface of
TiO, particles and hence a poor photocatalytic perfor-
mance is observed. Silver and other noble metal are
very effective traps for the excited electrons. The
enhancing effect of silver at degradation of CAP and
TAZ may be explained by its ability to trap electrons.
They act as electron scavengers. This process reduces

A
B0 N

0,
H,0,

Conduction Band

eeeeeeee
OH’

Recombination l

Pollutant —» CO; + H,O

H,O/ OH ¢

Fig. 8. Mechanism of the photocatalytic action of Ag/TiO, nanaoparticles under UV light irradiation.
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the recombination of charges and favors oxidation of
substrate by producing more °‘OH. Accordingly,
loading Ag metals onto the TiO, surface can expedite
the transport of photo-excited electrons to the outer
systems [18,32]. The adsorbed oxygen on the photocat-
alyst surface traps the electrons and produces
superoxide anion. On the other hand, holes on the
TiO, surface can oxidize adsorbed water or hydroxide
ions to produce hydroxyl radicals [33].

3.3. The effect of silver concentration

The resulting k,p, values provided in Fig. 9 show
that the degradation of CAP and TAZ increases signif-
icantly when rising Ag loading on TiO, surface from
0.0 to 1.5wt.% reaches a maximum at 1.5wt.%, and
then decreases with the further increasing of Ag load-
ing. Consequently, it can be inferred that the optimum
Ag loading is 1.5wt.%, which is consistent with the
result of photocurrent.

The effect of silver on the degradation of organic
pollutants is not consistent and varies from study to
study. Shokri et al. and Subba Rao et al.,, for instance,
observed beneficial effect of the presence of silver for
the degradation of CAP and TAZ, respectively [19,27].
Lam et al., however, found that photocatalytic decom-
position of resorcinol was slightly enhanced in the
presence of Ag/TiO, [34]. Based on the comparative
studies, it may be inferred that the effect of silver
depends strongly on the kind of pollutants, however,
is always favorable for the degradation of pollutants.

Silver nanoparticles deposited on the titanium
dioxide surface can act as electron-hole separation cen-
ters resulting in the formation of Shottky barrier at the
metal-semiconductor contact region, which improves
the charge separation and thus enhances the photocat-
alytic activity of TiO,. In contrast, when the silver
amount is above its optimum, the silver nanoparticles

0.35

OTAZ mCAP
0.3
~ 0254
£ 02
g
Z. 015
g
40l
0.05 1
0 : : : : : :
0 0.25 0.5 1 15 2 25

Ag%

Fig. 9. Effect of silver concentration on the photoactivity of
TiO, nanoparticles at degradation of CAP and TAZ. I,=
50 W/m?, [Pollutant], =20 mg/L, [Catalyst] =400 mg/L.
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can also act as recombination centers which results in
decreasing the photocatalytic activity of TiO, [35]. The
detrimental effect of silver on TiO, has several reasons:

¢ The probability for the hole capture is increased by
the large number of negatively-charged silver parti-
cles on TiO, at high silver content, which reduces
the efficiency of charge separation [3,32].

* Excessive coverage of TiO, catalyst with Ag nanoparticles
limits the amount of light reaching to the TiO, surface,
reducing the number of photogenerated e —h" pairs and
consequently lowering the TiO, photoactivity [36].

By comparing the pseudo-first-order rate constant
for pure TiO, with Ag/TiO, prepared by chemical
reduction method (Fig. 9), it can be clearly observed
that the photodegradation rate of TAZ at all percent-
ages of Ag-loading is significantly higher than that of
CAP.

3.4. The effect of photocatalyst concentration

Compared with pure TiO,, TiO, modified with
1.5wt.% (optimum value) of Ag at photodegradation
of CAP and TAZ, at different amounts of catalyst
from 0.0 to 1,200mg/L shows that the rate constant
increases with increasing the amount of Ag/TiO, cata-
lyst until 800mg/L for TAZ and 1,000mg/L for CAP
(Fig. 10). An increment in the amount of catalyst
increased the number of active sites on the catalyst
surface and that in turn increased the number of
hydroxyl radicals [1]. When the concentration of Ag/
TiO, catalyst was increased above the limiting value,
the degradation rate decreased due to an increase in
the turbidity of the suspension and a decrease in UV
light penetration as a result of increased scattering
effect [37,38]. The obtained results indicated that the
photodegradation rate in the presence of all catalysts,

0.6 -
OTAZ mCAP
0.5
<04
£
g 03/
=
o
502
0.1
0 ‘ : : : ‘ ‘
0 200 400 600 800 1000 1200
Catalyst (mg/L)

Fig. 10. Effect of photocatalyst loading of pure and Ag/
TiO, nanoparticles at degradation of CAP and TAZ. I,=
50 W/m?, [Pollutant], = 20 mg/L.
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except at amounts of catalyst of 1,200mg/L, is slowed
down with CAP solution in comparison with TAZ
solution.

Many other examples could be presented here
demonstrating the different optimum catalyst loading
for the different investigations. Gupta et al. [23], for
instance, found that the optimum catalyst loading for
the best degradation of TAZ is 0.18 mg/L. In another
study, on the other hand, the optimum catalyst con-
centration was found to be 900 mg/L [19]. This limit
depends on the geometry and working conditions of
the photoreactor, concentration, and nature of organic
molecules and a defined amount of catalyst in which
all the particles, i.e. the entire surface exposed, are
totally illuminated.

3.5. The effect of initial CAP and TAZ concentration

The initial concentration of CAP and TAZ in a
given catalytic reaction is also another factor which
needs to be taken into account. The effect of this
factor on the degree of photodegradation was stud-
ied by varying the initial concentration over a range
of 10-30mg/L at the optimum conditions. In the
presence of Ag/TiO, catalyst, the photodegradation
rate of CAP and TAZ was shown to decrease with
the increase in initial concentration (Fig. 11). At high
CAP and TAZ concentration, the adsorbed reactant
molecules may occupy all the active sites of catalyst
surface, and this leads to decrease in degradation
rate. Furthermore, as the concentration of target pol-
lutant increases, more and more molecules of the
compound get adsorbed on the surface of the cata-
lyst. Therefore, the requirement of reactive species
(OH) needed for the degradation of pollutant also
increases. Once the concentration of the target pollu-
tant is increased, it also causes the pollutant
molecules to absorb light, and photons never reach

OTAZ ®BCAP

0.8

0.6

0.4

Kypp (min™)

ANEANEANEAN

0.2

10 15 20 25 30
Initial concentrations (mg/L)

Fig. 11. Effect of initial concentration on photocatalytic
degradation of CAP and TAZ. I, = 50W/m? 1.5wt.% Ag/
TiO, nanoparticles, [Catalystlcap = 1,000mg/L, [Catalystlraz
=800mg/L.
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the catalyst surface and thus, the photodegradation
rate decreases [1,36,39,40].

3.6. The effect of light intensity

Light intensity is also an important parameter that
influenced the decomposition of pollutants by photo-
catalytic processes. Fig. 12 depicts the effect of light
intensity on the photodegradation rate of CAP and
TAZ. The increase of radiation intensity from 10 to
50 W/m? increases the pseudo-first-order rate constant.
This phenomenon implies that the UV irradiation gen-
erates the photons required for the electron transfer
from the vb to the cb of the catalyst, and the energy of
a photon is related to its wavelength and the overall
energy input to a photocatalytic process is dependent
on light intensity. The rate of degradation increases
when more radiations fall on the catalyst surface and
hence more hydroxyl radicals are produced [41-43].

3.7. The effect of calcination temperature

In order to study the influence of the calcination
temperature on the photocatalytic activity of the cata-
lyst, the 1.5 wt.% Ag/TiO, was calcined at 300, 500, and
700°C for 3 h while other experimental conditions were
kept constant. Results in Fig. 13 reveal that the photo-
catalytic activity of Ag/TiO, nanoparticles decreases
with increase in calcination temperature from 300 to
700°C. This reduction in activities of nanoparticles can
be justified due to the increase in crystallite size of
nanoparticles, agglomeration of nanoparticles, and
transformation of anatase to rutile phase [44—46].

3.8. Photocatalytic mineralization of CAP and TAZ

Mineralization of CAP and TAZ in photocatalytic
degradation process using TiO, modified with varying

0.6 4 OTAZ m CAP
0.5 1
04
g
g 03/
N
[=9
502
0.1 1
0 ‘ ‘ ' '
10 20 30 40 50

Light Intensity (W/m?)

Fig. 12. Effect of UV light intensity on the degradation rate constant
of CAP and TAZ. [Pollutant], = 20mg/L, 1.5wt% Ag/TiO,
nanoparticles, [Catalystlcap = 1,000mg/L, [Catalystlraz = 800mg/
L.
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Fig. 13. Effect of calcination temperature on photocatalytic
activity of Ag/TiO, nanparticles. [Pollutant],=20mg/L,
1.5wt.% Ag/TiO, nanoparticles, [Catalyst]lcap=1,000mg/L,
[Catalystlraz=800mg/L.

Table 2

Reduction in the TOC value (%) of CAP and TAZ solution usin§
Ag/TiO, catalysts with different Ag loading. I, = 50W/m~,
[CAP & TAZ], = 20mg/L, [Catalyst] = 400mg/L, irradiation
time = 120 min

Catalyst Reduction in the TOC

value (%)

CAP TAZ
0.25wt.% Ag/TiO, 49 58
0.50 wt.% Ag/TiO, 55 67
1.00wt.% Ag/TiO, 63 70
1.50wt.% Ag/TiO, 84 89
2.00wt.% Ag/TiO, 47 53
2.50wt.% Ag/TiO, 41 48

amounts of silver for 120 min is studied with 20mg/L
of each pollutant solutions. In order to assess the
degree of mineralization obtained during the photocat-
alytic treatment, the formation of CO, and inorganic
ions is generally determined. The term “photocatalytic
degradation” usually refers to complete photocatalytic
oxidation or photomineralization, essentially to CO,,
H,0O, NO;3, POi_, and halide ions [28]. By comparing
the TOC values for TiO, modified with varying
amounts of silver (Table 2), it can be clearly observed
that the reduction in the TOC value in the presence of
1.5wt.% Ag/TiO, is significantly higher when the
other catalyst was used. The obtained results also indi-
cated that reduction in the TOC value in the presence
of all catalysts is lesser than with CAP solution in com-
parison with TAZ solution.

4. Conclusion

Photocatalytic degradation of CAP and TAZ was
studied in the aqueous suspensions of silver-modified
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TiO, (Ag/TiO,) nanoparticles under ultraviolet (UV)
light irradiation. Ag/TiO, nanoparticles were prepared
with chemical reduction method and characterized by
XRD, SEM, EDX, TEM, and XPS techniques. XPS mea-
surement indicates that Ag mainly exists in the Ag’
state on the TiO, nanoparticles surface. The study
included the investigation of the effect of various
parameters, such as silver concentration, photocatalyst
loading, initial substrate concentration, light intensity,
and calcination temperature. The main conclusions
drawn from this study are summarized as follows:

* Treatment efficiency depends on the operating con-
ditions employed, such as silver concentration,
photocatalyst loading, initial substrate concentra-
tion, light intensity, and calcination temperature.

* TAZ is generally more susceptible to photocatalytic
degradation than CAP. Differences in reactivity are
likely to be due to the different chemical structures.

® Reduction in the TOC value in the presence of all
catalysts is lesser than with CAP solution in com-
parison with TAZ solution.
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Symbols

Co — initial concentration of pollutant, mg/L

C — concentration of pollutant (mg/L) at time ¢
t — irradiation time

Kapp — pseudo-first-order rate constant
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