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ABSTRACT

In this work, we deposited different amounts of cobalt on Fe,O,/TiO, nanocomposite (FTC samples)
via photodeposition method. X-ray diffraction (XRD), energy dispersive X-ray spectroscopy (EDX),
field emission scanning electron microscopy (FESEM), transmission electron microscopy (TEM), dif-
fuse reflectance spectroscopy (DRS), N, physisorption and the vibration sample magnetometry (VSM)
were used to characterize these nanocomposites. Photocatalytic activity of the samples was examined
via degradation of 2,4-dichlorophenol (2,4-DCP) under visible light. We obtained 30.42% and 57.84%
degradation of 2,4-DCP after 180 min irradiation in the presence of pure TiO, and ternary nanocom-
posite containing 2.92 wt% cobalt (FTC (2.92)), respectively. The higher photocatalytic performance
of FTC samples can be attributed to the high specific surface areas and the enhancing visible light
absorption by cobalt. Our synthesized nanophotocatalysts can act as a novel visible light-driven and
magnetically recyclable photocatalyst for environmental application.
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1. Introduction

During the past years, photocatalytic degradation of
organic contaminants in water by using semiconductor
nanoparticles (NPs) has attracted intense attention [1-3].
Among various semiconductor photocatalysts, nanosized
TiO, has attracted increasing attention because of its great
chemical and thermal stability, non-toxicity and excellent
degradation capacity for use in various applications includ-
ing air and water purification, disinfection and waste treat-
ment [4-6]. However, the traditional nanoscale TiO, applied
in photocatalytic treatment of wastewater comprising organic
contaminants encounters two inevitable drawbacks that limit
its practical application. One disadvantage is that its high
electron-hole recombination rate causes the low photocata-
lytic performance of TiO, [7,8]. To enhance its photocatalytic
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efficiency, a convenient and powerful approach involves the
deposition of metal NPs on the surface of TiO, as electron
acceptors, which can hinder the electron-hole pair’s recom-
bination and promote the transfer of interfacial charge in the
composites [9-11]. Another disadvantage is that a separa-
tion stage is needed for removing and recovering the TiO,
nano-catalyst from treated water as the best photocatalysis is
carried out in slurry photocatalytic reactor [12,13]. To solve
the reuse problem, magnetic separation using magnetic Fe, O,
as a carrier provides a convenient approach that can effec-
tively enhance the recycling efficiency by using a magnet.
Therefore, magnetic composites coated with TiO, could ease
the recovery of the TiO, catalyst. Recently, we have various
efforts to improve the photocatalytic performance corre-
sponding to TiO, and deposition silver found to be an appro-
priate technique [14-16]. Our literatures survey showed that
amongst all the existing transition metals, cobalt is one of the
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most useful metals to increase the light response and pho-
tocatalytic performance corresponding to TiO,. Ebrahimian
et al [17] prepared cobalt doped TiO, nanoparticles by
hydrothermal method and the synthesized samples showed
a great absorption range in the visible region. Iwasaki et
al [18] reported that doping of Co* into TiO, lattice could
extended the absorption edge of TiO, to the visible region
and improved photocatalytic performance of it under UV
and visible irradiation.

The current study is aimed to study the photodeposition
of different quantities of cobalt on Fe,O,/TiO, nanocompos-
ite (FTC samples) as a new magnetic visible-light-driven
photocatalyst for degrading 2,4-dichlorophenol (2,4-DCP).
Based on our knowledge, this is the first report on the syn-
thesis of Fe,O,/TiO, systems deposited by different concen-
trations of cobalt. Morphological and structural features of
the synthesized photocatalysts were studied using differ-
ent techniques including XRD, FESEM/EDX, DRS, N, phy-
sisorption, VSM, and TEM. The photoactivity performance
of the prepared spicemens was examined by applying the
photocatalytic degradation of 2,4-DCP as a model reaction.
The outstanding features related with the prepared photo-
catalysts suggest that they can be used as a new visible light
harvesting catalyst for mentioned photocatalysis applica-
tions. The ternary nanocomposites showed a better perfor-
mance for photocatalytic degradation of 2,4-DCP compared
with pure TiO,.

2. Experimental
2.1. Materials

FeCl,-6H,O (Merck No. 103943) and FeSO,7H,0O
(Merck No. 103965) were utilized for synthesizing Fe,O,
NPs. Tetraisopropyl orthotitanate (TIP, Merck No. 8.21895),
anhydrous ethanol, ammonia, and High-purity 2,4-DCP, 98%
(Merck No. 803774) for photocatalytic tests as probe molecules
were purchased from Merck company (Germany). Cobalt (II)
chloride hexahydrate (CoCl,.6H,O) (Merck, No.102539) was
obtained from Merck Company. All the substances were of
analytic grade and used with no further purification. All
aqueous solutions were synthesized with deionized water.

2.2. Preparation of Fe,O, NPs

Fe,O, NPs were synthesized by chemical precipitation
technique based on the process mentioned in [19]. In this
procedure, Fe,O, was precipitated under an inert atmosphere
(nitrogen 99.999%) and alkaline conditions.

2.3. Synthesis of Fe,0,/TiO, nanocomposite

In this section, 0.1 g Fe,O, NPs was synthesized based
on the process mentioned in section 2.2., 4 mL tetraisopro-
pyl orthotitanate (TIP) was combined with 70 mL anhydrous
ethanol and ultrasonicated (ELMA-Germany, E60H, ultra-
sound bath) for 1 h to form the solution A. In order to prepare
solution B, 3 mL acetic acid was diluted by 90 mL deionized
water. Solution B was mixed with solution A drop wise at
50°C through the mechanical stirring. Then, the solution was
agitated for 30 min. Finally, after cooling to room tempera-
ture, the solid product from the suspension was separated by

employing a magnet, washed several times with ethanol and
water, and dried at temperature of 60°C for 12 h. The anneal-
ing of resultant powder was carried out at temperature of
300°C for 1 h to synthesize Fe,O,/TiO, nanocomposite. From
now on, this specimen will be presented as FT. Furthermore,
pure TiO, was prepared through similar method to control
the experiments.

2.4. Photodeposition of cobalt on Fe,O /TiO, nanocomposite

We carried out the photodeposition of cobalt on Fe,O,/
TiO, nanocomposite according to mentioned method in
references [15,20]. In this step, 0.3 g Fe,O,/TiO, powder
and different amounts of CoCL,.6H,O (3.6, 7.2 and 14.4 mg)
were added to 16 mL deionized water under magnetic stir-
ring. Then, 4 mL methanol was inserted into the superna-
tant. The obtained solution was irradiated by a UV-Vis light
lamp (400W Kr lamp, Osram, Germany, with 90% illumina-
tion power in the UV-A region and about 10% in the UV-B
region) for 2 h. After that, the precipitate was filtered and
fully washed with deionized water and ethanol three times
to remove the residual impurities. From now on, these spec-
imens will be presented as FTC (a), where (a) represents the
amount of cobalt achieved by EDX analysis.

2.5. Photodeposition of cobalt on TiO,

In this step, 0.3 g TiO, powder and 7.2 mg of CoCL,.6H,O
were added into 16 mL deionized water under magnetic stir-
ring. Then, 4 mL methanol was inserted into the obtained
suspension, followed by irradiating with a UV-vis light lamp
(400W Kr lamp, Osram, Germany, with 90% illumination
power in the UV-A region and about 10% in the UV-B region)
for 2 h. Next, the suspension was separated and carefully
washed with deionized water and ethanol three times to
eliminate the residual impurity. From now on, these samples
will be shown as TC.

2.6. Characterization

Using an X-ray detractor (Siemens, D5000, Germany), the
XRD patterns for crystalinity investigation were obtained by
means of CuK  radiation as the X-ray source. The diffracto-
grams were determined within the 20 range from 20° to 80°.
The morphology corresponding to the achieved specimens
were studied using scanning electron microscope (SEM,
Vegall-Tescan Company, Czech Republic) having an energy
dispersive X-ray (EDX) for chemical composition analysis.
The UV-visible diffuse reflectance spectra (DRS) correspond-
ing to the specimens were obtained for band gap energy
calculation by means of an Ava Spec-2048TEC spectrometer.
The microstructure and morphology corresponding to the
synthesized specimens were studied using a transmission
electron microscopy (TEM) device (Philips CM30 300 kV).
The nitrogen physisorption assessments were done by a
Quantachrome Autosorb-1-MP (°). The BET areas were mea-
sured using static physisorption of nitrogen at temperature of
-196°C followed by out-gassing at temperature of 200°C until
reaching a pressure smaller than 5 mbar. VSM system is man-
ufactured by Meghnatis Daghighe Kavir (MDK) Company,
Kashan, Iran used for magnetic properties measurement.
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2.7. Photocatalytic degradation of 2,4-DCP

2,4-DCP was chosen as a model of organic pollutant to
examine the photocatalytic performance corresponding to
the prepared specimens. A500W, OSRAM Halogen lamp
(ECO) (350 to 800 nm, with a 400 nm cut-off filter) was used
for visible light tests. In every photocatalytic degradation
test, the baker comprising photocatalyst and 100 mL 2,4-DCP
aqueous solution (40 mg L) was first agitated in the dark
for 10 min for adsorption/desorption equilibrium (Fig. 1), fol-
lowed by turning the lamp for 180 min. At certain times, 2 mL
of solution were withdrawn and filtered to eliminate the
photocatalyst and analyzed using Rayleigh UV-2601 UV/VIS
spectrophotometer (A__ =227 nm).

3. Result and discussion
3.1. X-ray diffraction analysis

Figs. 2 and 3 present the XRD patterns corresponding
to the prepared specimens. In XRD pattern corresponding
to Fe,O, NPs (Fig. 2(a)), the characteristic diffractions were
observed at 20 = 30.2°, 35.6°, 43.5°, 54.3°, 57.4°, and 63.1° that
are related to the reflection of cubic spinel structure corre-
sponding to the Fe O,. These findings are in agreement with
those observed using JCPDS card number 19-0629 [21], pro-
posing that pure phase of Fe,O, and well-resolved diffraction
bands show the crystalline structure of Fe,O, NPs. In XRD
pattern corresponding to pure TiO, (Fig. 2(b)), the strong
diffractions at 20 = 25.3°, 37.7°, 48.0°, 53.8°, 55.0°, and 62.6°
proved formation of pure anatase phase [22]. In XRD pattern
corresponding to Fe,O,/TiO, (FT) sample (Fig. 2(c)), the
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Fig. 1. Time of adsorption/desorption equilibrium for 10 mg of
FTC (2.92) in 100 mL of 2,4-DCP (40 mg L").
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Fig. 2. XRD patterns of (a) Fe,O

3Ty

(b) TiO,, (c) FT.

diffractions became relatively weaker than those of the pure
TiO, and Fe,O, (Fig. 2(b)), but in a good accordance with the
XRD pattern of TiO,. Also, we detected some weak diffrac-
tions of Fe,O, NPs in Fig. 2(b), which may indicate that Fe O,
is coated by TiO, and confirm that the spicemen comprises
Fe,O, and TiO,. Figs. 3(a) to (d) showed the XRD patterns
corresponding to FTC and TC samples. We detected the key
diffractions for anatase phase of TiO, in these samples but did
not find the key diffractions for metallic cobalt. Comparing
with the pure TiO,, the peak intensity of FTC and TC samples
was found decline, signifying that the crystallinity degree was
lowered because of the strong interaction between the cobalt
with the TiO, support [23]. We didn’t observe the diffractions
at 20 = 38.55°and 74.12° were contributed to Co,0, based on
the PDF#42-1467 [24] and the diffraction at 20 = 38.61° cor-
responded to Co,O, spinel structures based on the PDF #
02-0770. Because of the low level, great distribution, and small
crystalline sizes corresponding to cobalt particles, we did not
find the key diffractions corresponding to metallic cobalt in
XRD patterns of the ternary FTC nanocomposites and TC
sample. The average TiO, crystal dimension at 20 = 25.3° was
computed for each specimen using Scherrer equation [25]:

D = KA/ cosO M

where D represents the mean crystallite size in nm, A refers
to the X-ray wavelength (1.54056 A), B is the diffraction full
width at half maximum (FWHM) in radian, K represents a
coefficient (0.89),and O refers to the diffraction angle. The
TiO, crystal dimension in all the prepared nanocomposites is
within the nanosized range (Table 1). The lattice parameters
(a=Db # c) relating with tetragonal crystalline structure were
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Fig. 3. XRD patterns of (a) FTC (1.26), (b) FTC (2.05), (c) FTC
(2.92), (d) TC.

Tablel
Phase, crystal size and lattice parameters of the prepared samples

Sample Phase Crystal a=b ¢ Cell volume
size(mm) (A) (A (A3)
T Anatase 7.930 3.783 9.429 134.939
TC Anatase 7.485 3.778 9.622 136.730
FT Anatase 8.885 3.798 9.200 132.740
FTC (1.26) Anatase 7.688 3.780 9.490 135.596
FTC (2.05) Anatase 8.414 3.760 9.440 133.450
FTC (2.92) Anatase 7.294 3.750 9.750 137.109
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achieved for (101) crystal plane corresponding to anatase
phase using Eq. (2):

1 = (2 + k)/a? + P )

Considering the interplanar spacing (d,,,), the distance
between adjacent planes in the set Miller indexes (hkl) can be
determined using the Bragg Law:

d,,;=A/2 sin0 3)
The volume of cell (tetragonal one) was computed as:
V=a% 4)

where g and c represent considered lattice parameters. Table 1
indicates the lattice parameters corresponding to the synthe-
sized specimens. The achieved values for the lattice param-
eters of TiO, in the synthesized specimens were in a good
accordance with the TiO, anatase phase (JCPDS, 78-2486)
[16]. The diffractions and lattice parameters for TiO, were
not affected, approving no cobalt atoms enter into the TiO
framework and loading of cobalt atoms on the surface of TiO
NPs as well as no variation of the crystal structure of TiO,.

2
2

3.2. UV-Vis absorption spectra

The solid-state UV-Visible spectra (Fig. 4(A)) were
obtained for all the specimens. There is a wide intense
absorption about 400 nm in the DR spectrum corresponding
to pure TiO,, because of the charge-transfer from the valence
band resulted by 2p orbitals of the oxide anions to the con-
duction band created by 3d ty orbitals of the Ti* cations [26].
The diffuse reflectance spectra of the samples containing
cobalt, showed extra broad absorption peak between 500 to
750 nm. The origin of the absorption peak is attributed to
charge-transfer interaction of Co,+/Ti* [27]. Moreover, this
may be the cause of higher photoactivity of these samples
under the visible light compared with pure TiO,. We also
measured the band gap energy for the prepared specimens
from the DR spectra based on Eq. (5) [28].

[F(R) hu]*>=A (hv-Eg) (5)
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Fig. 4.(A) Diffuse reflectance spectra and (B) Kubelka-Munk
plots for the band gap energy calculation of (a) T, (b) TC, (c) FT,
(d) FTC (1.26), (e) FTC (2.05) and (f) FTC (2.92).

where A is the constant, F(R) is the function of Kubelka-
Munk, and E, (eV)is the band gap. Table 2 shows the E, data
corresponding to specimens. The band gap of FTC samples
reduced a little compared with TiO, (Table 2). Cobalt NPs
loading on the surface of TiO, influence considerably on the
optical features of TiO,. Evidently, the FTC photoresponse of
the nanocomposite is significantly shifted toward the visible
light region owing to the presence of cobalt NPs.

The effect of metal presence on TiO, band gap reduction
can be attributed to:

1. The charge-transfer transitions between the metal ion d
electrons and the TiO, conduction or valence band.

2. The formation of contamination levels in the band gap of
TiO,; if these states locate near the band edges, they can
overlap band states, narrowing its band gap [29].

3. The creation of allowed energy states in the TiO, band
gap, as a result of the existence of segregated M O, clus-
ters on its surface [30] that can induce photoactive tran-
sitions in visible light, due to an excitation of an electron
from this energy level into the TiO, conduction band.
Consequently, the existence of metal species can affect
TiO, photoactivity altering the electron-hole pair recom-
bination rate. Fig. 4(B) shows the Kubelka-Munk curves
for the synthesized samples.

3.3. FESEM/EDX and TEM analyzes

Figs. 5 and 6 show the FESEM images correspond-
ing to the prepared specimens at two magnifications. The
FESEM images corresponding to FTC samples indicate that
TiO, coated the surface of Fe,O, NPs. To confirm successful
decoration of Fe,O,/TiO, nanocomposites with cobalt, the
specimens were studied using electron mapping image analy-
sis (Fig. 7). The images of the same samples were obtained for
Ti, O, Fe, and Co. For FTC samples, Ti had a broader distribu-
tion compared with Fe, showing that Fe is set in the interior
section of the nanocomposites. In comparison, Ti and Co lie
on the outer layer of the Fe,O, NPs. These outcomes show that
cobalt NPs are well spread on the Fe,O,/TiO, nanocomposite
surface. The EDX patterns of the samples (Fig. 8) display two
peaks about 0.2 and 4.5 keV. The strong peak is related to
the bulk TiO, and the less strong one is related to the surface
TiO,. Fig. 8 shows the peaks corresponding to cobalt at 0.6,
6.9 and 7.5 keV. The less strong peak is allocated to cobalt in
the TiO, lattices [26,31]. The elemental chemical analysis of
the prepared samples is shown in Table 3. These outcomes
showed the existence of cobalt atoms in the specimens, while
no diffraction corresponding to cobalt was found in the

Table 2
Band gap energy of the prepared samples

Sample Eg (eV)
TiO, 2.90
FT 2.80
TC 2.56
FTC (1.26) 2.78
FTC (2.05) 2.79
FTC (2.92) 2.81
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Fig. 5. FESEM images of (a) T, (b) TC, (c) FT.

XRD patterns. Fig. 9 depicts the TEM image of FTC (2.92)
(photocatalyst with the maximum photoactivity among the
ternary nanocomposites) at different magnifications. The dark
grains of magnetite NPs (Fe,O,) are fully surrounded via gray
TiO, layer that contains TiO, NPs and cobalt nanoparticles
according to elemental mapping results.

3.4. N, physisorption analysis

The results of N, adsorption-desorption isotherms are
shown in Fig. 10. The sorption isotherms for all synthesized

MIRA3 TESCAN

SEM MAG: 35.0 kx Do oam SE 1 pm
View fleld: 5.93 ym  Date(midiy): 0B/05/17

SEM HV: 15.0 kv WD: 3.98 mm

FESEM - RMRC

SEM HV: 15.0 kv WD 4.04 mm MIRAS TESCAN

1
SEM MAG: 35.0 kx Det: InBeam SE 1 pm

View fleld: 5.93 pm | Date(m/d/y): 06/08/17 FESEM - RMRC

specimens relate with the type IV isotherm based on the
classification of ITUPAC [32]. Table 4 shows textural and
structural parameters corresponding to the prepared speci-
mens. Specific surface areas were computed based on BET.
Pore volumes and mean pore diameter were extracted from
the desorption branch based on the model of BJH. The S,
of the FT sample is more than the pure TiO, but the mean
pore diameter of FT sample is smaller than pure TiO,. This
observation may prove that the nanolayer of TiO, covered
the Fe,O, NPs. The BET surface area corresponding to the
cobalt containing samples is more than that of the initial
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Fig. 6. FESEM images of (a) FTC (1.26), (b) FTC (2.05), (c) FTC (2.92).

TiO,, indicating the deposition of cobalt NPs on the surface
of TiO,.
3.5. Magnetic properties of the samples

The saturation magnetization (Ms) corresponding to the
specimens were determined using the magnetic reaction

corresponding to the magnetic nanocomposites to an exter-
nal field. Based on Fig. 11, the photocatalysts are superpara-
magnetic at ambient temperature [33]. It must be noted that
the Ms value corresponding to the Fe,O, NPs (62.41 emu g)
is considerably more than that of FT (2.20 emu g™), FTC (1.26)
(1.63 emu g™'), FTC (2.05) (1.98 emu g) and FTC (2.92)(2.13
emu g') specimens, which is owning to the coating of Fe,O,
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Fig. 7. Elemental mapping of (a) T, (b) TC, (c) FT, (d) FTC (1.26),
(e) FTC (2.05) and (f) FTC (2.92).
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NPs with an anatase TiO, layer. The slight reduction in Ms
value of the FTC specimens comparing with that of the FT
sample (Fig. 11) can be described by the small enhance in
mass and dimension due to the adherence of cobalt NPs to
the magnetic composites surface. Additionally, no important
change was observed in the coercivity. Such excellent mag-
netic features suggest a strong magnetic responsivity on the
samples, enabling them to be recycled easily from solution
through an external magnetic force. Also, easy, fast separa-
tion and redispersion of the FTC specimens can be observed
(Fig. 11).

3.6. Photocatalytic degradation of 2,4-DCP under visible light

To study the photocatalytic behavior corresponding to
the obtained specimens for removal of contaminants from
wastewater, photocatalytic degradation of 2,4-DCP was cho-
sen as a model reaction. Fig. 12 shows the photocatalytic deg-
radation of 2,4-DCP under visible light. Under visible light,
the ternary photocatalyst with 2.92 wt% cobalt, FTC (2.92)
specimen presented the maximum activity for photocatalytic
degradation of 2,4-DCP and we achieved 57.84% degradation
after 180 min irradiation. The two main parameters affect-
ing the performance of photocatalyst are surface area and
absorption capacity of the light. Outcomes of the DRS analy-
sis (Fig. 4) indicate that the obtained specimens have diverse
light absorption capacities and these capacities enhance
with increasing the concentration of cobalt in visible region.
Consequently, enhancing the concentration of cobalt has two
opposite effects on the photocatalytic performance of the
FTC samples; enhancing light absorption capacity and reduc-
ing surface area (Table. 4). The photocatalytic performance is
affected by which one of these is the main factor. Also, it can
be seen from Table 4 and Fig. 11, FT sample has larger surface
area and shows better degradation performance more than

T

T

ﬂ.w -
T
o o
| =
gl "
'

Fig. 8. EDX spectra of (a) T, (b) TC, (c) FT, (d) FTC (1.26), (e) FTC (2.05) and (f) FTC (2.92).
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Fig. 9. TEM image of FTC(2.92) nanocomposite at various magnifications.

ternary ones. But our main purpose of this research was the
investigation of photocatalytic performance of FT nanocom-
posite after cobalt deposition. Our obtained results indicated
that the cobalt deposition didn’t enhance photocatalytic
activity of FT sample.

Fig. 13 shows the mechanism proposed in the current
study for the formation of FTC sample and 2,4-DCP pho-
tocatalytic degradation over FTC sample. High-energy
electrons were formed on TiO, in ternary nanocomposites

under visible light. These formed electrons were moved
and excited from TiO, to cobalt NPs and the formed holes
remained on the valance band of TiO, and oxidize the
organic target. The oxygen molecules adsorbed on the sur-
face of photocatalyst trapped the electron from the cobalt
and thus a number of active species including OH" and O,~
radicals were produced. These species attacked 2,4-DCP
molecules and decomposed them. Because of the hetero-
junctions generation, many defects exist in TiO, that reduce
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Fig. 10. N, adsorption—desorption isotherms for (a) T, (b) TC, (c) FT, (d) FTC (1.26), (e) FTC (2.05) and (f) FTC (2.92).



338 M. Mehdipour et al. / Desalination and Water Treatment 155 (2019) 329-340

Table 3

Elemental chemical analysis of the prepared samples
Sample Cl Fe @) Ti Co

(wt%)  (Wt%)  (wte)  (wt%)  (wt%)

T - - 5241 4759 -
FT - 2.09 39.80 5811 -
TC 274 - 48.34 47.46 1.46
FTC (1.26) 1.40 1.69 50.60 45.04 1.26
FTC (2.05) 2.35 1.41 50.32 43.86 2.05
FTC (2.92) 5.66 1.95 55.64  33.82 292

Table 4

Textural and structural parameters of the prepared samples

Sample Sper Average pore Pore volume
(m>g™) diameter (nm) (cm®g™)
T 91.01 7.16 0.17
Fe O, 86.55 11.37 0.26
TC 144.86 5.44 0.25
FT 159.43 4.83 0.25
FTC (1.26) 153.47 4.48 0.22
FTC (2.05) 142.43 4.65 0.21
FTC (2.92) 131.31 6.10 0.29
25
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2 ¥ 60 | FesOy
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E-30
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&-90
L -10000 0 10000
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Fig. 11. Comparison of hysteresis curves of (a) FT, (b) FTC (1.26),
(c) FTC (2.05) and (d) FTC (2.92).

the energy corresponding to conduction band for TiO, [34]
of the ternary nanocomposite. FTC samples can offer a
larger surface area (Table 4), contributing to the improved
photocatalytic function induced by its improved photon
absorption [35].

3.7. Effect of photocatalyst amount

At low photocatalyst loading the elimination of the
organic compound 2,4-DCP increased linearly with the cat-
alyst loading. However, existence of the extra photocata-
lyst in the aqueous solutions could cause a shielding effect
in penetration of light [36]. In this regard, the effect of the

70
61.83

60 57.84
54.17
50.55
- 48.27
40
30.42
30
20
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0
T TC FT FIC(2.92)

FTC(1.26) FTC(2.05)

% Removal

Fig. 12. Photocatalytic degradation of 2,4-DCP in the presence of
the prepared samples under visible light.( Initial concentration of
2,4-DCP - 40 mg L™; volume — 100 mL; catalyst dosage — 10 mg).
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Fig. 13. Our proposed mechanism for (a) formation of FTC
sample and (b) photocatalytic degradation of 2,4-DCP over FTC
photocatalyst under visible light.

2,4-DCP

photocatalyst dose in suspension was investigated for an
optimal condition (Fig. 14). The optimal phtocatalyst amount
is 10 mg/100 mL for degradation of 2,4-DCP.

3.8. Recyclability of FTC (2.92)

The stability and recyclability of catalyst is crucial to
the running cost of wastewater treatment and business eco-
nomic benefits, thus the stability of FTC (2.92) photocatalyst
was evaluated for three consecutive photocatalytic cycles
(Fig. 15). No significant decrease was observed in the photo-
catalytic performance of FTC (2.92) nanocomposite because
of the presence of magnetic Fe,O, for removal of 2,4-DCP. The
results represent that FTC could be a recyclable and promis-
ing photocatalyst for the application.

4. Conclusion

Generally, visible light-driven and magnetically recycla-
ble ternary Fe,O,/TiO,/Co photocatalysts comprising diverse
concentrations of cobalt (FTC samples) were synthesized
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Fig. 14. Effect of photocatalyst amount on degradation of 100 mL
of 2,4- DCP (40 mg L) after 180 min irradiation under visible
light.
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Fig. 15. Recyclability of the FTC (2.92) for photocatalytic
degradation of 2,4-DCP under 180 min visible light after three
successive cycles (photocatalyst dose: 10 mg/100 mL; [2,4-DCP]:
40 mg L™).

by the simple sol-gel and photodeposition method. The
characterization of prepared photocatalysts was performed
through various techniques including XRD, DRS, TEM,
VSM, N,- physisorption, and FESEM/EDX. The ternary
sample containing 2.92 wt% cobalt exhibited the maximum
photocatalytic performance for degrading 2,4-DCP among
ternary nanocomposites. We obtained 57.84% and 30.42%
degradation for 2,4-DCP in the existence of FTC (2.92) and
TiO,, respectively. The excellent photocatalytic performance
of ternary nanocomposites can be related to both the high
specific surface areas of them and the enhancing visible light
absorption by cobalt.
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