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Abstract. The sol-gel method was used to synthesize Fe30,/CuO/TiO,/Ag visible light
photocatalyst. X-ray diffraction (XRD) and ultraviolet-visible (UV-Vis) spectroscopy were
used to characterize the photocatalyst. From the UV-Vis absorption spectra, we found the
surface plasmon resonance (SPR) to be around ~440 nm. The results indicate that the
nanocomposites contained a combination of the desired nanocomposites. Their photocatalytic
activity was evaluated from the degradation of methylene blue. The influence on the activity of
the Fe;04/CuO/TiO,/Ag nanocomposites, such as weight percentage of Ag, was also studied.
Fe;04/CuO/TiO,/Ag with 25wt% of Ag exhibited the best photocatalytic activity under visible
light irradiation. The experiment results showed that the main active species in the
photodegradation mechanism in methylene blue is holes. Finally, the nanocomposites exhibited
good stability after being reused four times in a cycling process.

1. Introduction

With the recent rise in environmental problems, the treatment of various organic pollutants in
wastewater is a major issue. Semiconductors have recently been used for degradation of organic
pollutants in wastewater. Among all semiconductors, TiO, has been widely use in the
photodegradation of organic pollutants because of its nontoxicity, low cost, and good photocatalytic
activity [1-4]. However, TiO, can only be excited under ultraviolet irradiation, resulting in low
utilization of solar energy, because of which TiO, has a high electron-hole recombination rate. This is
a disadvantage in the utilization of the photocatalytic activity of TiO, [5-8]. This limitation can be
overcome by employing methods such as doping [9], coupling with another semiconductor [10], and
deposition of noble metals [11]. Our research group has reported the synthesis and characterization of
coupled TiO, with another semiconductor, CuO and Fe;0,, creating Fe;0,/CuO/TiO,nanocomposites
with good photocatalytic activity under ultraviolet irradiation. However, the degradation efficiency in
the visible light region still requires improvement. Noble metals, such as Au, Ag, and Pt, have often
been coupled with TiO, nanoparticles to enhance the photocatalytic efficiency under visible light
irradiation [12, 13]. The noble metals can promote the interfacial charge transfer process in the
composites system and electron traps.

The research aims to study the synthesis and characterization of Fe;0,/CuO/TiO,/Ag nanocomposites
and to investigate the effect of incorporating Ag in Fes0,/CuQ/TiO, as a catalyst for degradation of
methylene blue under visible light irradiation. The influence of different weight percentages of Ag in
Fe;0,/CuQ/TiO, on the photocatalytic efficiency was also evaluated. Radical scavengers were
employed to provide an insight into the photodegradation mechanism through different active species.
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Finally, also investigated the stability of nanocomposites in photocatalytic process, and the catalyst
was reused four times in the cycling processes.

2. Experimental

In this research,materials were used such as iron (I1) sulfate heptahydrate (FeSO4+7H,0, 99%), copper
sulfate pentahydrate (CuSO45H,0, 99%), titanium dioxide (TiO,), silver nitrate (AgNOs), sodium
hydroxide (NaOH), ethanol, and ethylene glycol (EG) purchased from Merck. All chemical reagents
(Merck) were of analytical grade and used without further purification. Fe;0,/CuO/TiO,/Ag
nanocomposites were prepared using the sol-gel method [14] with further modification. First, TiO, and
NaOH were mixed with distilled water. Further, the solution was stirred at 80°C using a magnetic
stirrer. Fe304, CuO, and Ag were dispersed into a solution of ethanol and distilled water and added
into the suspension at a particular ratio. After 2 h of stirring and heating, the mixed solution was
collected, washed, aged, and then dried at 125 <C for 1 h under vacuum. In this experiment, the molar
ratio of Fe;O,4, CuO, and TiO, was 0.5:1:1, and the amount of Ag in Fe30,/CuQ/TiO, was varied from
5wt% to 25wt% — FCT/Ag 5wt%, FCT/Ag 15wt%, and FCT/Ag 25wt%.

To determine the structure and phase of the samples, X-ray diffraction (XRD) measurements were
carried out using a RigakuMiniflex 600 X-ray diffractometer with monochromatic Cu Ka radiation,
and the optical properties of the samples were studied using UV-Vis spectroscopy (Hitachi UH-5300)
in the 200-750 nm range.

The photocatalytic activity was evaluated from the degradation of the organic pollutant, which in this
research is methylene blue (MB), in the presence Fe;0,/CuO/TiO,/Ag nanocomposites in an aqueous
solution under visible light using a 50 W halogen lamp. In the experiment, 40 mg of
Fe;04/CuO/TiO,/Ag nanocomposites was added to 100 ml of MB with an initial concentration 20
mg/L. Then, the mixture was stirred for 30 min in the dark to establish desorption—adsorption
equilibrium between solution and photocatalyst. The lamp was then turned on, and this was considered
‘time zero” for the reaction. In this research, the photocatalytic reaction proceeded for 2 h, and
samples were collected at regular intervals. To examine the stability of the samples, they were reused
four times. After testing, the sample was separated with a solution using an external magnet. A
decrease in the concentration of the MB solution was measured by a Shimadzu spectrophotometer at
the wavelength of 663 nm.

3. Results and discussion

X-ray diffraction spectra of Fe;0,/CuO/TiO,/Ag nanocomposites with various weight percentages of
Ag are plotted in Fig 1a. The diffraction peaks at 26 = 25.24° and 37.8°, which are attributed to the
(100) and (004) planes, respectively, are the crystal faces of anatase TiO,. Phase cubic spinel Fe;O,
was detected at (20 = 30.14°, 35.49°, 43.28°, 53.76°, 57.20°, and 62.83°) and monoclinic CuO at (20 =
38.81° and 48.7°). After addition of Ag 25wt%, new peaks were detected at 20 = 37.52°, 44.61°, and
64.57< which represents the cubic structure of Ag. The absence of Ag peaks in other nanocomposites
is because the amount of Ag is too low compared with the other materials. Table 1 presents the
crystallite size calculated according to the Scherrer equation [15-16] and the unit cell parameters of all
samples. As can be seen, in the sample with 5-15 wt% of Ag, the crystallite size of Ag is too small to
be detected.

The optical properties of the as-prepared samples were determined from the UV-vis absorbance
spectra. As shown in Fig 1b, Fes0,/CuO/TiO,/Ag nanocomposites with various weight percentages of
Ag have absorption peaks at ~440 nm, which display typical surface plasmon resonance (SPR) [17].
However, it indicates the presence of Ag in the nanocomposites. Coupling Ag with a composite is
expected to create a Schottky junction. Schottky junctions mainly facilitate electron—hole separation
and promote interfacial electron transfer process. Furthermore, in nanocomposites made of Ag and
TiO,, given that Ag is a plasmonic system, one could expect improved absorption, primarily in the
visible region. This phenomenon may be beneficial for photocatalytic activity in the visible region.
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Figure 1. (a) XRD spectra and (b) Uv-Vis absorbance spectra of Fes0,/CuQ/TiO,/Ag with various
wight percent of Ag.
Table 1.Grain Size of Fe;s0,/CuQ/TiO,/Ag variation weight percent
Grain Size (nm)

Samples Fes0, CuO TiO, Ag
Fe3;0,/CuO/TiO, 42 15 79 -
Fe30,/CuO/TiO,/Ag 5wit% 40 15 79 -
Fe3;0,/CuO/TiO/Ag 15wWt% 40 15 78 -
Fe;0,/CuO/TiO/Ag 25wWt% 40 14 75 13

Fig 2a shows the photocatalytic activity of Fe;0,/CuO/TiO,/Ag nanocomposites with various weight
percentages of Ag based on the degradation of MB under visible irradiation. As can be seen,
Fe;0,/CuO/TiO,/Ag nanocomposites with 25 wt% of Ag have the best photocatlytic activity under
visible irradiation. It can degrade up to 100% of MB. Incorporation of Ag in the nanocomposites
improves the photocatalytic activity owing to SPR in the nanocomposites [18, 19], and with the
addition of Ag in the nanocomposites, there is an improvement in the visible light absorption of the
nanocomposites.

The influence of dosage catalyst concentration on the degradation of MB using Fe;04/CuO/TiO,/Ag
nanocomposites with 25 wt% of Ag in terms of the photocatalytic activity under visible light
irradiation is shown in Fig 2b. The dosage catalyst concentration were varied from 0.1 to 0.4 g/L. With
the increase in the dosage catalyst, the degradation of MB was better than that in the case of
photocatalytic degradation. A dosage catalyst of 0.4 g/L enhanced the degradation efficiency of MB to
100% within 2 h. This phenomenon may be due to the increase in the surface area of the catalyst to
adsorb the MB.

To examine the stability of the catalyst in photocatalytic activity under visible light irradiation, the
catalyst was reused four times in a cycling process under the optimum conditions. In this research,
Fes04/CuO/TiO,/Ag with 25 wt% of Ag could be easily separated from the solution using a permanent
magnetic bar. External magnetism is an easy and efficient way to separate the catalyst from the
suspension system. The catalyst was reused with the same quantity of fresh MB after each run.



5th International Conference on Nanomaterials and Materials Engineering IOP Publishing
IOP Conf. Series: Materials Science and Engineering 204 (2017) 012009 doi:10.1088/1757-899X/204/1/012009

or —=—FCT
: —e— FCT/Ag 05wWt%
0.8 | —a— FCT/Ag 15wWt%
—— FCTIAg 25wt%
0.6 |-
o o
© 0.4 ©
0.2 |
0.0 1 M i n X " " i
0 30 60 90 120 0 30 60 90 120
Irradiation Time (min) Irradiation Time (min)
(a) (b)

Figure 2. (a) Photocatalytic activity and Influence dosage catalyst concentration of
Fe;04/CuO/TiO,/Ag 25wt% to degradation of MB under visible light irradiation.

The results are shown in Fig 3a. As can be seen, after the fourth cycle, degradation of MB slightly
declines, only by ~10%. So, it can concluded that the nanocomposites are stable material after reused
fourth time cycling process because contained Fe;O,4 in a sample that has a value of magnetization is
pretty good, so in the process of separating the sample with a solution becomes easier and the sample
is not a lot of wasted.

It is importance to detect the main active oxidative species in the degradation of MB to determine the
mechanism of the catalytic activity. Therefore, we control the experiment with the addition of
scavengers for electrons, holes, and hydroxyl radicals into the solution under the optimum conditions.
Fig 3b shows the degradation of MB in presence of tert-butyl alcohol, diammonium oxalate, and
Na,S,0g scavenger for hydroxyl radicals, holes, and electrons, respectively. As can be seen in the
figure, after addition of diammonium oxalate in the MB solution, the photodegradation of MB
decreased. Thus, the main active species in the experiment is holes.
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Figure 3. (a) Reusability and (b) Effect of different Scavenger of Fe;0,/CuO/TiO,/Ag 25wt% under
visible light irradiation.

4. Conclusion

Fe;0,/CuO/TiO,/Ag nanocomposites with various weight percent of Ag were successfully synthesized
using sol gel method and active catalyst under visible irradiation for degradation of Methylene Blue
(MB). The sample were characterized by using X-ray diffraction (XRD) and Uv-Vis absorbance. It
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confirmed that the final Fes0,/CuO/TiO,/Ag nanocomposites with various weight percent of Ag.
Fe;04/CuO/TiO,/Ag nanocomposites with 25 weight percent of Ag the best photocatalytic activity
under visible light to 100% within 2h, this happens due to Surface Plasmons Resonance in
nanocomposites and nanocomposites can absorb visible light is much better than the other
nanocomposites. Increase dosage catalyst to 0.4 g/L the degradation efficiency of MB because to
increase surface area of catalyst to adsorb the MB. Holes is the main active oxidative species in
photocatalytic activity on degradation of MB. The catalyst has good stability after reused fourth cycled
degradation of MB slightly decline only ~10%.
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