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ABSTRACT ARTICLE HISTORY

In this study, photochemical deposition and co-precipitation meth- Received 14 September 2020
ods were used to synthesise Ag/TiO, and magnetic Ag/TiO,/Fe30, Accepted 3 November 2020
photocatalysts, respectively. The physical and chemical properties of KEYWORDS

the Ag/TiO, and Ag/TiO,/Fe30, photocatalysts were characterised by Photocatalysis;

X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM) and sonophotocatalysis; ag/TiOy;

Fourier Transform Infrared Spectroscopy (FT-IR) analyses. The synthe- ag/Ti0,/Fe;0y; reactive dye
sised photocatalysts were used to remove Reactive Red 195 (RR195) removal; magnetic
dye the most commonly used in the textile industry. The photocata- photocatalyst

lytic and sonophotocatalytic removal was investigated using differ-
ent light types such as UV-A and visible light. In the optimum
conditions (UV-A and visible light intensity 27 W, 25 mg/L initial
RR195 concentration, pH 6 ve 0.1 g/L catalyst dose) of photocatalysis,
the photodegradation of magnetic Ag/TiO,/Fe;04 was found 72% at
120 min irradiation of visible light but the degradation was 65% at 30
min irradiation of UV-A light. While in case of the sonophotocatalysis,
the degradation of magnetic Ag/TiO,/Fes0,4 was found 85% at 120
min irradiation of visible light but the degradation was 85% at 30 min
irradiation of UV-A light.

1. Introduction

Dyes are a group of complex organic substances, which soak up light at the visible light
region with the wavelength of 350-700 nm and classified into 20-30 groups depending
on their chemical structures or chromophores [1]. Dye source can be comprised by the
drainages of chemicals operation industry, for example, textiles, plastic, ceramic, ink, etc
[2]. At the same time, the disposal which produced from these industries considered as
a significant source of environmental pollution particularly pollution of water [3].

Textile is one of the most substantial industry for many countries, for example, China,
Singapore, UK, Italy, Turkey etc [4]. In Turkey, the textile is a standout amongst the most
energetic, greatest industry and consume a quantity of water, because of many strategies and
technologies applied in this sector [5]. During the various stages of the textile industry, dye
plant is the most toxic phase. The textile industry alone records for two-thirds of the whole
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dye stuff generation [6]. The textile industries widely use synthetic colours in the colouring
and printing process. The synthetic colours represent the main part of our lives because it's
broadly used by different industries. Many of the synthetic dyes, particularly azo dye, were
found to be harmful, carcinogenic and mutagenic and are accordingly restricted all through
the world [7].

The researchers have discussed dyes more, due to their high dissolvability in water and
as effluents containing environmentally dangerous materials. Dyes may have severe and
inveterate impacts on the exposed living thing depending on an exposure time in
addition to concentration of dye as well as cause allergic dermatitis, skin agitation,
mutation, and several another illness [8]. Also, the existence of a slight quantity of colours
(under 1 ppm) is obviously visible as well as impact the aqueous environment signifi-
cantly [2].

Numerous treatment processes have been considered for the removal of dye, running
from conventional techniques to the most developed advanced oxidation processes
[9-15]. Hence, more consideration is given to improving treatment efficiency techniques
for the degeneration of dye from the effluent of textile industry. Chemical techniques,
particularly advanced oxidation processes (AOPs) like photocatalytic oxidation, sonolysis,
Fenton and photo-Fenton reactions, ozonation, appear to be more favourable for the
degeneration of azo dye [16-19].

Among different AOPs, the heterogeneous photocatalytic procedures will effectively
decrease a wide variety of contaminant in ambience heat and pressure with no hazardous
intermediates produce [20]. The methods are started through the excitation and transfer-
ring the electron from the valence bands, where it is occupied of electrons to the unfilled
conduction bands. Mechanism of photocatalysis shown in Equations 1-3 [21]. The hydro-
xyl radicals and superoxide radical anions are main oxidising agents in photocatalysis
process [22].

O+ e — °0y~ (M

OH™ + h™— °*OH (2)
Organic substance + active oxygen species (*0? + *OH) — oxidative decomposition —
CO, + HO (3)

In last decades, much interesting has been specified to a sonochemical degeneration of
the organic pollutants in liquid environment. The sonochemistry particularly consists of
the chemical impacts made by ultrasound once the sound waves is distributed over
a liquid solution [23]. For example, in heterogeneous catalytic systems, the usage of an
ultrasound makes condition of increased turbulence inside fluid, hence lessening mass
transfer limitation and rising the available surface area because of the catalytic fragmen-
tation and de-agglomeration [24]. However, this framework does not attain whole miner-
alisation thru little irradiation time, because of the creation of hydrophilic intermediate
product, reaction volume and instability of the contaminant are the major barriers that
put the sonolysis non-productive while usage as alone system [23,25]. So, the arranging of
sonolysis per other advance oxidation processes have been utilised to dissolve a limitation
of the single sono-chemical degeneration processes [25]. By add ultrasound to the
photocatalytic process, mass exchange value is improved and the blocked sites on the
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photocatalyst are released [26]. The synchronous use of ultrasound and photocatalysis,
named as sonophotocatalysis that has been studied regarding process efficiency to
disintegrate different types of organics in model solutions as well as known as one of
the powerful AOPs [24]. Moreover, sonophotocatalysis referred to the heterogeneous
systems represent the grouping between the visible light and UV, ultrasounds, as well as
catalytic process.

Among various semiconductors (ZnO, CdS, SnO, etc.), titanium dioxide (TiO,) is one of
the most efficient and widely used photocatalyst for the degradation of pollutants in
aqueous suspension [27]. TiO, has been observed to be the maximum effect for the
photocatalytic and sonophotocatalytic experiments due to the photostability, obtainabil-
ity, rather biologically inert, little operation temperatures, little energy consumption, wide
photo-catalytic effectiveness, appropriate flat band potential, wide chemical steadiness,
water insolubility in maximum ecological state then prevention the creation of unwanted
by-products [2]. Moreover, TiO, can be degraded organic substance completely into CO,
and water through irradiation of TiO, by ultraviolet light under 400 nm [21]. In spite of
wholly advantages of TiO,, two main limits in the photo-catalytic activity which are as
follows:

(1) ) Its activation just in the UV amount under 387 nm (3.2 eV)
(2) ) A significant amount of electron-gap recombination.

To overcome limitations of TiO, as a photocatalyst, different of technique can be used to
enhance its photocatalytic activity. The doping to TiO, with metal ions will establish a new
energy level which reduces the band gap and inhibits electron-hole recombination, so
improves the absorption of visible light [28,29]. To improve the photocatalytic activity
under each light type, TiO,-based Ag was suggested being the utmost attractive in the
relation to photocatalytic production, cost-effectual, facilities of preparing, etc [20]. On
the other hand, the activity of photocatalysts next to recover and recycle must be
considered as well as concern to separation after photocatalysis/sonophotocatalysis
degeneration, magnetic TiO,-based photocatalysts have newly produced interests.
Mostly, these magnetic photocatalysts can be recuperated simply by adopting exterior
magnetic forces. Some studies for dye removal with Ag-doped TiO, and magnetic
catalysts (with Fe30,) are summarised in Table 1.

In this study, photochemical deposition method was used to prepare silver doped TiO,
nanoparticle. The photochemical deposition method is very advantageous because

Table 1. Dye removal efficiency of Ag/TiO, and Ag/TiO,/Fes0, catalysts synthesised with different
methods.

Percentage
Catalyst Synthesis method Dye Light source of removal Reference
Ag/TiO, Photochemical reduction Methylene blue Natural full spectrum 97.1% [32]
lamp
Ag/TiO, With water/oil microemulsion Methyl orange Simulated visible light ~ 38.52% [20]
Ag/TiO, Hydrothermal gel Methyl orange UV lamp (365 nm) 79.49% [30]
Ag/TiO,/Fe30,4 With water/oil microemulsion 4-Chlorophenol UV-C lamp 82.13% [31]
UV-A lamp 83.12%
Ag/TiO,/Fe30, Solvothermal and tyrosine- Methylene blue Xe lamp 90% [34]

reduced (350-1100 nm)




8422 (&) A.G.J. ALWINDAWI ET AL.

Ag/TiO, is prepared in one step, fewer chemicals used, shorter duration and cost-effective.
Furthermore, the production time was shortened and a more homogeneous catalyst was
obtained. Co-precipitation method was used to synthesise Ag/TiO,/Fe;0, magnetic
photocatalyst. The removal efficiency of Reactive Red 195 (RR195) dye, used commonly
in textile industry, was investigated with photocatalysis and sonophotocatalysis processes
using photocatalyst synthesised.

2. Materials and methods
2.1. Materials

Nano-sized TiO, titanium(lV)oxide (Degussa P25, 50 mz/g, 75% anatase and 25% rutile), silver
nitrate (AgNOs), ammonium hydroxide (NH,OH, 30% V/V aqueous solution) were purchased
from Sigma Aldrich. Hexadecyl-trimethylammonium bromide ([(C;¢H33)N(CHs)s]Br, CTAB),
n-pentane (CsH,s), ferrous sulphate heptahydrate (FeSO,.7H,0), ferric chloride (FeCls) and
n-hexane (CH5(CH,),CHs) were purchased from Merck KGaA. UV LED lamps (10 W for each
lamp, 365 nm wavelength) and visible LED lamps (10 W for each lamp, daylight) were used for
light source. Reactive Red 195 was chosen as a model compound due to its extensive use in the
textile, paper and ink industries. The chemical structure of RR195 dye is given in Table 2.

2.2. Synthesis

Ag-doped TiO, synthesis was carried out using photochemical deposition method based on
[32] with some modifications. In an exemplary to prepare Ag/TiO,, TiO, particles were added in
50 mL AgNOs solution; then the mixture left to vigorously stirring. NH,OH solution was used to
set the pH approximately around 10-11. After that, the mixture was irradiated by using a black
light blue UV lamp (GE, 15 W) with stirring for 4-5 h in the dark at room temperature. Ag-doped
TiO, was then dried at 80°C approximately 12 h. Finally, dark purplish Ag/TiO, photocatalyst
was produced.

Magnetic nanoparticles were produced by employing a co-precipitation technique
based on [20] with some modifications. FeS0,.7H,0 (9.34 g, 14 mmol), FeCl; (7.8 g,
28 mmol) and NH,OH was dispersed to the water/oil microemulsion solution.

Table 2. Chemical structure of reactive red 195.

Molecular weight (g/ Amaxs

Structure of dye mol) nm

)C\l 1136.32 540
X
-~
SO3;Na OHHN N N Q
N=N H
OO CO SO,CH,CH,080;Na
NaO3S SO}Na
SO;Na

Reactive Red 195
M/e =1136
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Microemulsion represented by CTAB as the surfactant, 1-pentanol as the co-surfactant, as
well as hexane as the oil phase. The mixture was sonicated for 30 min and then HNO5 was
used to set the pH of the mixture to about 5. Afterwards, Ag-doped TiO, was dispersed
and the mixture was stirred for 10 h. Then, the mixture was dried at 100°C. Finally, the
magnetic Ag/TiO,/Fes04 photocatalyst was produced.

2.3. Characterisation of the photocatalysts

X-ray diffraction analysis was carried out with Bruker D8 Advance XRD Analyser in Selcuk
University Advanced Technology Research and Application Centre. The diffraction peaks
were recorded in the 20 range between 10° and 90° and used to determine the structures
of the samples. The surface morphologies of the prepared catalysts were examined by
scanning electron microscope (Zeiss Evo LS10) and transmission electron microscope
(TEM). Fourier transform infrared spectroscopy (Bruker Wertex70 FT-IR Spectrometer)
analyses were performed to identify catalyst bonds.

2.4. Apparatus

In the apparatus used for photocatalysis and sonophotocatalysis experiments, it is con-
templated that the degradation process would be carried out on a movable plate in the
range of 0-300 rpm instead of a magnetic stirrer or vertical shaft mechanical stirring,
because of magnetic properties of catalyst. This unit allows the placement of six 1-litre
beakers in an ultrasonic bath made of stainless steel and the beakers are secured with
special holders. Ultrasonic vibrations can be applied with 35 KHz power to beakers. There
are covers prepared for each beaker and UV-A (365 nm) and visible (sunlight) PCB LED
lamps in the covers can be applied to light beakers with maximum of 30 Watt power. Light
power can be adjusted in the 0-30 Watt range by adjusting from the control panel. The
cooling structures were added to the covers so that the light sources in the covers did not
affect the experimental environments. Moreover, each time can be controlled separately.

2.5. Photocatalysis and sonophotocatalysis experiments

Reactive Red 195 (RR195) dye was chosen as a model compound to evaluate the photo-
catalytic properties of Ag/TiO, and Ag/TiO,/Fe30,4. The aqueous suspensions were stirred
in the dark for 25 minutes before the photodegradation tests, thereby achieving the
adsorption stability. The photocatalytic reaction was carried out at room temperature
(25 £ 2°C) and the distance to the lamp was maintained at about 15 cm. In each
photodegradation test, photocatalysts were added to the RR195 solution at an initial
concentration of 25 mg/L in a volume of 250 mL under continuous stirring at 150 rpm
with a shaker to ensure homogeneity. The initial pH of the solution was adjusted by
adding HCl or NaOH solutions, depending on the purpose of the experiments. The
concentration of RR195 in the samples was made by 10, 20, 30 min UV-A light irradiation
and 2 hours at intervals of 30, 60, 90 and 120 minutes for visible light irradiation after
adsorption process in the dark for 25 minutes. For quantitative analysis of RR195 con-
centration, approximately 3 mL of sample was taken from the mixture of photocatalyst
and RR195, followed by centrifugation for Ag/TiO, and by usage of an external magnet for
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Ag/TiO,/Fes0y, to separate the photocatalyst particles from the solution. The absorbance
of the obtained RR195 solution was then measured at 540 nm with UV-Vis spectro-
photometer (Hach DR-2800) to examine the rate of degradation as a function of photo-
catalytic reaction time under UV-A and visible light irradiation. Finally, photodegradation
and sonophotodegradation efficiencies (D%) were calculated according to the Eq.4.

C-¢

D% = x 100 (4)

Here C and C; are the concentrations of RR195 before and after degradation.

3. Result and discussion
3.1. XRD analysis

Phase identification for the doped catalysts are performed using the XRD device that
shown in the Figure 1. XRD diffraction patterns of the prepared Ag/TiO,; shifting to the
right indicates that doping occurs in TiO, molecules [33]. Silver deposition on the TiO; is
also confirmed by the peak at 20 = 37.35° and 63.07° with the crystal phases of silver
[34,35]. The 260 refraction angles in the range of 10° and 80° show four dominant peaks at
25.66° 38.14°, 48.38°, and 55.40° associated with different diffraction planes attributed to
the anatase phase of P25 TiO, [33,36]. While, peaks at 27.79°, 36.44°,41.5°, and 54.27° with
different diffraction planes attributed to the rutile phase of TiO, [33,35]. Further, addi-
tional peaks at 26 = 31.05° and 53.01° appeared after iron was added to the prepared
Ag/TiO,, it showed the presence of Fes04 magnetic nanoparticle and successfully doped
onto Ag/TiO, [37-39]. Peaks corresponding to FeTiO; were also observed at 26 = 23.17°,
32.86° and 40.19° [35,40]. Furthermore, a Fe/Ti mixed oxide has a hexagonal structure
containing two thirds of the octateric position occupied by the cations [40]. FeTiOs can be
produced in a liquid mixture using the citrate gel technique during catalyst synthesis and
by different methods such as H,/H,O reduction or co-precipitation. The two Fe** ions in a-
Fe,05 are replaced by Fe?* and Ti** along the vertical crystallographic axis. Reported that
FeTiO3/TiO, has a wider bandwidth and has a better yield than pure TiO, [20].

o
|
=
Z1»
e L
nll.l.. . T O TS
'(]j !
0 10 20 30 40 50 60 70 80

20,deg

Figure 1. A) Ag/TiO, b) Ag/TiO,/Fe;0, photocatalysts XRD spectrum.
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Spectrum: Objects

Element Series unn. C norm. C Atom. C Exrror

[wt.$]) [wt.$] [at.%) %]

Titanium K-series 49.40 54.94 30.17 1.4
Oxygen K-series 37.82 42.06 69.10 39.0

Silver L-series 2.70 3.00 0.73 0.1

Total: 89.91 100.00 100.00

MAG: 5060 x HV: 20.0 kV. WD: 10.2 mm

T T T T T T T
1 H 10 12 1 16 1
v

Spectrum: Cbjects

Element Series unn. C norm. C Atom. C Error

(we.%] [we.%] [at.%] (%]

Oxygen K-series 33.13 30.81 €6.2¢4 27.0
Iron K-series 25.08 23.33 14.37 0.7
Titanium K-series 12.84 11.94 8.58 0.4

Silver L-series 36.46 33.92 10.81 1.2

Total: 107.51 100.00 100.00

T T T T T T T
1 H 10 12 16 16 1 2
v

Figure 2. A,b) Ag/TiO,, ¢,d) Ag/TiO,/Fes0, photocatalysts SEM-EDX analysis.

3.2. SEM, TEM and EDX Analysis

SEM, TEM and EDX analysis of Ag/TiO, and Ag/TiO,/Fe30,4 are shown in Figures 2 and 3. In
SEM analysis, Ag/TiO, catalyst prepared by the photochemical deposition method con-
sists of small amorphous particles, which exhibits lower agglomeration and has more
uniform shape and size particles. In the EDX analysis of the prepared Ag/TiO,, the ratio of
Ag, Ti and O, was 3.00%, 54.94% and 42.06%, indicating the presence of Ag nanoparticle
in the sample.

In SEM analysis, Ag/TiO,/Fes0, prepared by co-precipitation method, has a sharp-
edged crystal structure and cracks and protrusions on its surface. In EDX analysis, it
shows an additional peak representing 23.33% iron. Thus, Ag supported magnetic TiO,
was successfully prepared.

3.3. FT-IR analysis

FT-IR spectroscopy for TiO, coated with magnetic nanoparticles in the range of
(500-3500 cm™") is related to the formation of the Fe-O functional group and is well
matched to the characteristic peak at 601 cm™ Figure 4 [39,41]. 821 cm™' and 890 cm™"
are related to the two peaks surrounding Ti-O-Ti bond, and the absorption peak at
988 cm™" corresponds to the vibration of Ti-O-C[41-43]. The two peaks at 1035 cm™"
and 1076 cm™' result from the C-O tension vibration [44]. Peaks around 1313 cm™' and
1396 cm™' for the TiO,-coated magnetic sample can only be attributed to the presence of
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e Signal A= SE1 EHT=20000  pag= 10.00KX
7 WO = 10.0 mm |Probe = 100pA H

Q Signal A = SE1 EHT=2000KY Mo 10.00KX
s WD = 100 mm IProbe= 100pA

Figure 3. A,b) Ag/TiO,, ¢,d) Ag/TiO,/Fe;0, photocatalysts SEM-TEM analysis.

Transmittance, %

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber, cm!

Figure 4. Ag/TiO,/Fes0,4 FT-IR spectroscopy analysis.

C-H tensile vibrations [39,44]. Silver used in the doped TiO, catalyst did not result in any
significant changes in the FT-IR spectrum [33].

3.4. Photocatalysis processes

3.4.1. The effect of irradiation time
While the removal of RR195 dye with TiO, was 22% for 30 min irradiation time under UV-A
light, it increased to 33% with Ag-doped TiO, by photochemical deposition method. Due
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Figure 5. The effect of time on the photodegradation and absorbance of RR195 in the presence of
Ag/TiO,/Fe30,4 under a,b) visible light, ¢,d) UV-A light irradiation.

to this increase observed in batch experiments, photodegradation of RR195 was investi-
gated in the presence of only Ag/TiO, and Ag/TiO,/Fe3;0, catalysts for different irradiation
time. The effect of irradiation time on the photodegradation and absorbance change of
RR195 is shown in Figure 5. The results, after the saturated solution of RR195 containing
the photocatalyst is mixed in the dark (without illumination), show that it exhibited that
the adsorption of RR195 to the catalyst surface did appear to be insignificant. Under both
visible and UV-A light, photocatalytic degradation of RR195 increased with increasing
irradiation time. When Ag/TiO, was used as the photocatalyst, the degradation at the
120 minute irradiation of visible light was found to be 14.3% but was 33% during
30 minute irradiation of UV-A. Photodegradation in the presence of magnetic Ag/TiO,
/Fe304 was found to be 72% at 120 min of visible light, however, the degradation was
65%, for 30-min in UV-A irradiation. This is due to the interaction of the dye molecule with
the surface of the photocatalyst. Increased duration of illumination has also increased the
interaction so the photodegradation efficiency of photocatalyst is increased [45]. The
synthesised magnetic Ag/TiO,/Fes0, composite photocatalyst, in this study, different
photocatalytic activity and synergistic interactions between different catalysts Ag, TiO,
and Fe;0, tested under visible light irradiation and UV-A light showed the same experi-
mental conditions. Because of these interactions, the transfer and separation of photo-
generated electrons and voids are facilitated and this significantly increases
photocatalytic performance. RR195 dye contains naphthalene rings, azo bond and vinyl
sulphone groups; these bonds are cleaved by the active sites of catalyst and leading to
generation of smaller aromatic organic structures [46]. As the TiO, content of the
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photocatalyst enhances, the number of active sites and subsequently, the generation of
hydroxyl radicals (OH-) would be increased. By trapping electrons, Ag can effectively
facilitate electron-hole separation and enhance electron production on TiO, surface,
thus increasing the photocatalytic activity [47].

3.4.2. The effect of initial pH and dye concentration

The effect of the solution initial pH on the performance of the magnetic Ag/TiO,/Fe30,
composite synthesised for the degradation of RR195 was evaluated. Photocatalytic
experiments were carried out at initial pH values ranging from 3 to 9 for RR195 initial
concentration 25 mg/L, temperature 25°C, catalyst amount 0.1 g/L, and light intensity
27 W. The irradiation time was taken as 30 min and 120 min, for UV-A and visible light,
respectively. The pH of the RR195 solution was adjusted using 0.1 M hydrochloric acid and
0.1 M sodium hydroxide solutions to reach the desired pH values and after pH adjustment
the catalyst was added. The results of these experiments are presented in Figure 6. Our
results exhibited that removal efficiency of RR195 was higher at low initial pH values
under the same experimental conditions [20,48]. After 120 min of illumination with visible
light, the RR195 degradation efficiency of the magnetic Ag/TiO,/Fes0,4 photocatalyst was
obtained as 72.5% when the initial pH of the solution was 3, and 72.1% and 52% when the
pH was increased to 6 and 9, respectively. The degradation obtained by the synthesised
magnetic Ag/TiO,/Fe;0, photocatalyst under UV-A irradiation for 30 min was 70%, 65%
and 52% for the initial solution pH 3, 6 and 9, respectively. A further effect of solution pH
on dye photo-degradation is the surface ionisation state of the catalyst, as well as the
formation of hydroxyl radicals by reaction between positive cavities and hydroxide ions
[48]. As a result, the degradation efficiency of RR195 is significantly affected by the initial
solution pH; as the initial solution pH decreased and the maximum degradation reached
pH 3. Theoretically, RR195 reactive dye is anionic, so the conversion efficiency is higher at
low pH because of the electrostatic attraction between anionic dye and positively-
charged TiO, [49].

To observe the effect of the initial concentration of RR195 (ranging from 0.025 to
0.045 g/L) on degradation, photocatalysis experiments were carried out using Ag/TiO,/Fes
0, photocatalyst at fixed initial conditions (25°C temperature, 0.1 g/L catalyst dose, 27 W
light intensity, pH 6 value) under UV-A and visible light for 30 min and 120 min,
respectively. The change in photocatalytic degradation due to the initial concentration
of the dye in the presence of photocatalyst for both visible and UV-A light is given in
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Figure 6. The effect of initial pH and dye concentration the photodegradation of RR195 in the
presence of Ag/TiO,/Fes0,4 under a) visible, b) UV-A light irradiation.
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Figure 6. For Ag/TiO,/Fe;0, with initial dye concentrations of 0.025, 0.035 and 0.045 g/L,
the degradation of RR195 yield was 72, 50 and 32% after illumination for 120 min under
visible light, respectively. After 30-min UV-A illumination, it was determined to be 65, 37
and 29% for initial dye concentrations of 0.025, 0.035 and 0.045 g/L. The increase in dye
concentration leads to a decrease in photocatalytic rate constant [20,45,48]. According to
previous studies, the rate of photocatalytic degradation relates to the number of hydroxyl
radicals formed on the catalyst surface and the likelihood of these radicals reacting with
dye molecules. Therefore, at higher dye concentrations, the formation of OH radicals on
the surface of the catalyst decreases as the active sites are occupied by the dye molecules
[45,48,50]. Thus, the degradation rate increased with initial concentration increased.

3.4.3. The effect of light source

After 30 minutes of illumination with UV-A light, the RR195 degradation efficiencies of
the synthesised magnetic Ag/TiO,/Fe;0, photocatalyst were obtained as 61, 57 and
65%, respectively, while the powers were 9, 18 and 27 W. According to the results
obtained, it can be said that the strength of the UV light irradiation source affects the
degradation of the dye in the aqueous solution using Ag/TiO,/Fe;0,4. Moreover, after
120 min of illumination with visible light, the RR195 degradation efficiencies of the
synthesised magnetic Ag/TiO,/Fe;04 photocatalyst were obtained as 68, 72 and 73%,
respectively, while the powers were 9, 18 and 27 W. The results show that light power
plays an important role in the degradation of RR195. Basically, the degradation
efficiency increases with the UV radiation intensity, thereby increasing the excitation
of the photocatalyst particles to form higher electron gap pairs. The holes decompose
the pollutants absorbed on the surface of the photocatalyst and oxidise the water to
form free radicals. Moreover, the increase in the hydroxyl radical degrades the con-
taminated materials in the solution [2].
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Figure 7. The effect of time on the sonophotodegradation of RR195 in the presence of Ag/TiO,/Fes0,
under visible and UV-A light irradiation.
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3.5. Sonophotocatalysis process

3.5.1. The effect of irradiation time

In the presence of Ag/TiO,/Fe30,, sonophotodegradation of RR195 dye was investigated
under different irradiation effects. The effect of irradiation time on sonophotocatalysis of
RR195 is shown in Figure 7. Under both visible and UV-A light, sonophotocatalytic
degradation of RR195 increased with increasing irradiation time. All parameters selected
for this study (initial concentration of dye, temperature, amount of catalysis, pH, ampli-
tude of ultrasound energy and light intensity) were kept constant. When sonophotoca-
talysis test was performed with Ag/TiO,/Fes0, approximately 79% degradation was
achieved in the first 10 minutes of UV-A irradiation light, however, photocatalytic testing
with UV-A alone yielded 57%. After 30 minutes of UV irradiation, the values obtained as
65% and 85% for photocatalysis and sonophotocatalysis, respectively. In addition, sono-
photodegradation of RR195 was 85% in irradiation with 120 min of visible light, however,
the degradation at the 120 min irradiation of visible light alone was 72% using magnetic
Ag/TiO,/Fe304, This is due to the interaction of the dye molecule with the surface of the
photocatalyst. Increased duration of illumination has also increased the interaction. As
a result, sonophotocatalysis efficiency of photocatalyst increases [23,45,51].

3.5.2. Comparison of photocatalysis and sonophotocatalysis processes

When the photocatalysis and sonophotocatalysis processes are combined, a significant
effect on the removal of pollutants can be seen [23,24,51]. In the present study, the
removal of RR195 dye was obtained as approximately 85% after 30 min of UV-A light
irradiation at sonophotocatalysis process with the uses of Ag/TiO,/Fe;0,4. While the
same process was carried out only by photocatalysis, the removal of RR195 dye was
72% Figure 8. After 120 minutes of visible light irradiation, the values were obtained as
65% for photocatalysis and 85% for sonophotocatalysis, respectively. This makes

sonophotocatalysis
(visiblelight, 120 min)

photocatalysis
(visible light, 120 min)

sonophotocatalysis
(UV-A light, 30 min)

photocatalysis
(UV-A light, 30 min)

i
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(-]

Degradation efficiency, %

Figure 8. The comparison of photocatalysis and sonophotocatalysis of RR195 in the presence of
Ag/TiO,/Fe30, under visible and UV-A light irradiation.
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sonophotocatalysis faster than photocatalysis. The main mechanism for the removal of
RR195 by sonophotocatalysis has resulted in increased *OH production in the RR195
solution due to the combined sonolysis and photocatalysis processes [23,24,51].
Another major reason is to increase the catalyst surface mass transfer in the dye
solution [23,24,51]. It is also important to mention that catalyst activity is increased
due to ultrasound separation of nanoparticles, which increase the surface area of the
catalyst [23,24,51]. When all the results are combined, it is proposed that degradation
of reactive dyes such as RR195 can be achieved effectively by a combination of
advanced oxidation processes in the presence of Ag/TiO,/Fes0,4 UV-A, visible light
and sonolysis.

4. Conclusion

In this study, Ag and Fes0,4 were bound with TiO, to increase the activity of the catalyst
and to facilitate separation from the solution. The photochemical deposition method
used is very advantageous to other chemical methods, because Ag/TiO, is prepared in
one step, fewer chemicals used, shorter duration and cost-effective. Furthermore, the
production time was shortened and a more homogeneous catalyst was obtained.
Analyzes of XRD, SEM, EDX, and FT-IR were performed to examine the structure of the
catalysts prepared for this study. In XRD graph of the Ag/TiO,/Fes0, catalyst displayed
four anatase TiO, peaks, five rutile peaks, two Ag peaks, and two FesO4 peaks. However,
the influences of different factors on photocatalysis and sonophotocatalysis methods
were investigated. For example, photocatalytic degradation of RR195 under the time
effect increased with increasing irradiation time. So, photodegradation of Ag/TiO,/Fes
0, was 72% at 120-min irradiation of visible light but was 65% for 30 min after UV-A
irradiation. Moreover, after sonophotocatalyst was added the degradation of Ag/TiO,/Fes
0, was 85% after irradiated with UV-A for 30 min and reached the same value when
irradiated with visible light for 120 min. Sonophotocatalysis processes have been more
described, due to its a significant effect on the removal of contaminants. In the literature,
the main mechanism for the removal of RR195 by sonophotocatalysis has an increased
free radical *OH production in the solution. Magnetic properties facilitated the separation
of the catalyst from RR195 solution after photocatalysis/sonophotocatalysis, in addition to
enabling separation by an external magnet instead of separate equipment such as
centrifugation.
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