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Abstract

The pure titania (TiO,) and the heterogeneous ternary magnetic nanocomposite of copper ferrite/ferrite oxide (CuFe,O,/
Fe,0;) deposited by titanium dioxide (TiO,) were fabricated using a facile one-pot hydrothermal synthesis for the pho-
tocatalytic decomposition of methylene blue (MB) dye, under visible light. The nanocomposite was encoded as TCF in
this work, where T stands for TiO,, C for CuFe,O, and F for Fe,0;. Various techniques such as powder X-ray diffraction
(PXRD), field emission scanning electron microscopy (FESEM), energy-dispersive X-ray spectroscopy, diffuse reflectance
spectroscopy, nitrogen physisorption, and vibrational sample magnetometry (VSM) were used to characterize the prepared
samples. The PXRD data showed that the samples had pure anatase structure and the average crystal size of anatase TiO,
in the pure titania and ternary nanocomposite were calculated 147 A and 135 A, respectively. The nitrogen physisorption
analysis data showed that the pore diameter was increased from 10.6 nm in pure titania to 16.0 nm in TCF. The pore vol-
ume was also increased from 0.316 in titania to 0.383 cm?/g in TCF sample. It also increased the typical magnitude of the
mesopores’ diameter and volume per weight but it reduced the specific surface area of the samples. The VSM analysis of the
ternary nanocomposite showed a considerable magnetic property of the sample (1.99 emu/g), qualifying it as a paramagnetic
material. The photocatalytic decomposition efficiency of MB reached 77% and 68% in the presence of pure titania and TCF
ternary nanocomposite, after 240-min exposure by the visible light. Active species trapping experiments showed that the
major active species responsible for the photodecomposition of MB in the presence of TCF are O; radicals and holes (h™).
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Introduction

Increasing human population and industrial development
have led to the release of various kinds of pollutants into
the environment. Clean water is one of the vital elements
of life, so the elimination of pollutants including organic
contaminations such as pharmaceutical by-products, agro-
chemicals, dyes, paper, rubber, plastic, etc. from ground and
wastewater has become one of the most important challenges
for all countries [1].

In general, effluent water comprises about 10200 mg/L
of dyes and other chemicals utilized in dyeing procedures.
Dyes are toxic and they resist natural deterioration. Further-
more, they scatter the sunlight passing through the water and
consequently prevent the photosynthesis process in aquatic
plants [2, 3].
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polluting wastewater. MB is the photocatalytic reactant
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prototype in this research. It has an aromatic heterocyclic
chemical structure with the C,;¢H;3CIN;S formula shown in
Fig. 1 [4], and it is one of the cationic water-soluble dyes. It
is a dark green and odorless powder that creates a blue solu-
tion when mixed with water. Because of various advantages
such as low price, high color intensity and brightness, it is
one of the common pigments used in the textile and dye-
ing industries [5]. On the other hand, the usual side effects
caused by exposure to the MB-tainted wastewater are diz-
ziness, headache, increased sweating, nausea, confusion,
vomiting, shortness of breath, and high blood pressure. The
other effects include mild bladder irritation, abdominal pain,
diarrhea, upset stomach, frequent urination, stomach cramps,
and hemolysis [6]. As a result, the removal of this chemical
from effluent seems imperative.

Several approaches, such as biological treatment, mem-
brane-based filtration, ion exchange, adsorption, precipita-
tion, reverse osmosis, electrostatic captivation, and advanced
oxidation processes (AOPs) such as photocatalytic decom-
position, have been practiced [7, 8]. AOPs can decrease
contamination content of water by several orders of magni-
tude, from hundreds of ppm (particles per million) to a few
ppb (particles per billion); therefore, they reduce chemical
oxygen demand (COD) and total oxygen demand (TOD) in
aqueous environments. The COD is a parameter that indi-
cates the amount of oxygen needed to chemically oxidize
all constituent organic materials in the water sample. On the
other hand, the biological or biochemical oxygen demand
(BOD) shows the amount of oxygen needed to decompose
organic compounds by wastewater bacteria. As a result, the
parameter TOD that is the sum of COD and BOD, is con-
sidered as a standard reference parameter for the evalua-
tion of wastewater organic pollution [9]. Among numerous
techniques, photocatalytic decomposition is broadly used for
water treatment because the procedure is a simple and low
cost method of efficiently eliminating organic chemical com-
pounds in aqueous phase, and it produces water and small
inorganic by-products that are not environmentally hazard-
ous [2, 3,7, 9-11].

Fig. 1 Methylene blue chemical
structure. On the left side 2D,
and on the right side 3D images
are shown. The pictures were | |
drawn using the online tool at H N c
reference [4] y-C

Cl
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In addition, AOPs are based on in situ production of very
reactive species such as hydroxyl radicals (OH') that can
unselectively oxidize every compound mixed with water, and
consequently, various chemical pollutants can be removed
simultaneously. The hydroxyl radicals can be produced in
the presence of energy sources (e.g., UV radiation), oxidiz-
ing agents (e.g., hydrogen peroxide, ozone, and oxygen), and
catalysts (e.g., titanium dioxide) [9, 12-16].

Due to its environmental stability and safety, titanium
dioxide (TiO,) has appeared as a promising heterogeneous
photocatalyst under UV beam, as it has a large bandgap
energy of around 3.0-3.3 eV. Ultraviolet irradiation can
excite and transfer electrons from the valence band to the
conduction band and consequently increase of TiO, photo-
catalytic activity. However, only 5% of the solar spectrum
lies within the UV range, and a significant part of it is in the
visible and infrared frequency domain. Furthermore, via the
catalytic photoexcitation, TiO, shows a high electron—hole
pair (¢~/h™) recombination rate that leads to a low photocata-
lytic efficiency. To overcome these issues, different methods
have been applied to TiO, such as metal or nonmetal dop-
ing, surface sensitizing, and combination with low bandgap
semiconductors [17-20].

Recently, magnetic nanoparticles have been widely used
for water treatment [21-25]. Due to their very small size
and large surface-to-volume ratio, they have a high elimina-
tion capacity, fast kinetics and significant reactivity towards
pollutants removal. More importantly, improvement of the
magnetic properties of the catalyst is a useful characteris-
tic, aiding in its separation from water after the contamina-
tion decomposition. It is expected that magnetic separation
would be cheaper and more appropriate compared to mem-
brane filtration [7, 26, 27].

Nanoparticles of spinel ferrite have the general formula
of [A*?][Fe*3],0,, where A is a divalent cationic metal like
nickel (Ni), Mn, or copper (Cu). Structural, electrical, mag-
netic, and catalytic properties of spinel ferrite depend on
the constituent atoms and their distribution in the A metal
and iron sites. Reducing the size of magnetic nanoparticles
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enhances the number of surface atoms that gives rise to the
improvement of catalyst magnetic property. Spinel cop-
per ferrite (CuFe,0,) is one of the heterogeneous groups
of magnetic nanophotocatalysts that have hydroxyl groups,
chemical and thermal stability, non-carcinogenicity, low
bandgap energy, and magnetic properties that cause easy
separation from water [28].

Metal oxides such as Fe,O; can electronically modify the
photocatalysts and have a dramatic effect on the reactivity
of the system. The electron—hole separation and the electron
transfer at the interface can be significantly affected by metal
oxide modification [29, 30]. The application of super-para-
magnetic Fe,O; nanoparticles as photocatalysts for organic
dye decomposition in wastewater looks very encouraging,
due to their large surface area leading to large loading capac-
ity, significant stability, cost-effective provision, and eco-
friendly properties [31]. In addition, a highlighted benefit
of using iron oxide is their magnetic properties that make
their separation from water much easier compared to other
methods, because they are attracted towards the externally
applied magnetic field [32].

There have been few reports on the synthesis of TiO,/
CuFe,0, used for photocatalytic applications [33-36]. In
this work, the magnetic recyclable catalyst, TiO,/CuFe,0O,/
Fe,0; (TCF), was prepared using the one-pot hydrother-
mal method. The prepared samples, pure titania and TCF,
were characterized by different analyses such as powder
X-ray diffraction (PXRD), field emission scanning electron
microscopy (FESEM), energy-dispersive X-ray spectroscopy
(EDX), diffuse reflectance spectroscopy (DRS), nitrogen
physisorption, and vibrational sample magnetometry (VSM).
The samples were then used for photocatalytic decomposi-
tion of MB.

Experimental details
Chemicals

Chemical materials used for the experiments were of ana-
lytical grade and mostly acquired from Merck Company
(Germany). They included: titanium tetra isopropoxide
(Ti(OCH(CHj3),), or TIP; Merck No. 821895) and MB
(C;6HsCIN3S or MB; Merck, No. 115943). Other materials
that were consumed for photocatalytic synthesis consisted
of ethanol (C,H;OH, Merck No. 818760), acetylacetone
(CsHg0,), copper chloride (CuCl,.2H,0) and ferric chloride
(FeCl;.6H,0), sodium hydroxide (NaOH), and deionized
water. Triethanolamine (or trolamine, CcH,sNO;, Merck No.
108372), isopropyl alcohol (C;HgO, Merck No. 100995) and
ascorbic acid (C4HgOg) were used as active species scaven-
gers. All the reagents were applied as purchased without
additional purification.

Photocatalyst synthesis

A pure TiO, sample was synthesized through a hydrothermal
method used by Ebrahimian et al. [37]. The magnetic nano-
particles of CuFe,0, were prepared according to the method
reported by Hashemian et al. [38], and then they were calci-
nated at 700 °C for 5 h in air atmosphere. To prepare TCF,
a 250-mL glass beaker was filled with 20 mL of TIP, 20 mL
of ethanol, 1.6 mL of acetone and blended for 30 min in an
ambient condition. Afterwards, another solution consisting
of 0.5 g of the prepared CuFe,0,, 80 mL of ethanol, and
2 mL of deionized H,O was poured into the first solution,
yielding a grayish white solution. The resultant solution was
poured into an autoclave, heated up to 220 °C (3 °C/min),
and kept at this temperature for 6 h. Then, it was cooled
down to room temperature gradually, washed by ethanol and
water and then dried at 80 °C for another 6 h in air atmos-
phere. The final brown TCF nanocomposite was ground by
a mortar to be used for the photodecomposition process.

Characterization

The diffraction patterns were recorded using a Siemens
D5000 (Germany), with Cu-K, (A= 1.54A) as the X-ray
radiation source, in a 26 range of 20°-70°. The chemical,
structural and topographical characteristics of the samples
were characterized by FESEM TESCAN MIRA3, com-
plemented by an EDX analyzer. To compute the bandgap
energy of the materials, the diffused reflectance spectros-
copy (DRS) was carried out by a UV-Vis Scinco 4100 spec-
trometer in the range of 330-950 nm.

The nitrogen physisorption was measured using a BEL-
SORP-mini II. After outgassing the instrument at 250 °C,
the pressure was decreased to less than 5 m bars. Subse-
quently, the Brunauer—-Emmett-Teller (BET) areas were
determined by measuring static nitrogen physisorption at the
temperature of — 196 °C. Furthermore, the magnetic proper-
ties of CuFe,0, and TCF were measured using a vibrating
sample magnetometer (VSM) system (Meghnatis Daghighe
Kavir Kashan LBKF, Iran) in the maximum magnetic field
intensity of 1 T.

Photocatalytic decomposition of MB

The decomposition of MB was followed by measuring the
solution absorbance (A) at the maximum absorption wave-
length of MB dye (4,,,,=665 nm) at 30-min intervals.
UV-Vis spectra were recorded on a double beam UV—visi-
ble spectrophotometer (Rayleigh UV-2601). Before exposure
to irradiation, a suspension containing different amounts of
the photocatalyst (0.05-0.3 g) and 100 mL of MB aque-
ous solution (10 ppm) was stirred continuously for 60 min
in the dark to reach the adsorption/desorption equilibrium.

a
* @ Springer



330

International Nano Letters (2019) 9:327-338

Then the sample, under magnetic stirring, was illuminated
by four UVA lamps (Kr lamp, 500 W, Osram, Germany,
Amax =360 nm) or a tungsten lamp (500 W, Halogen, ECO
Osram), positioned at 100 cm above the glass beaker. To
measure the decline of the MB concentration, a sample of
2 mL was taken with a pipette at prespecified time intervals
and centrifuged at 4000 rpm. The percentage of MB decom-
position was obtained via Eq. (1):

C,)

C —_
G x 100,

% Decomposition efficiency =

6]
0

where C; and C, (mg/L) are the initial concentration and the

concentration of MB at time ¢, respectively.

Results and discussion

PXRD analysis

The PXRD patterns of the samples were recorded in the
260=20° to 70° range with 0.02° scan intervals, and the
results are shown in Fig. 2.

Figure 2A exhibits the PXRD patterns of CuFe,0, before
(a) and after (b) calcination. The pre-calcination pattern
indicates that the sample has an amorphous structure, while
after calcination the pattern of the sample shows diffraction

at 20=30.00°, 34.66°, 36.02°, 44.57°, 58.16°, 62.42°, and
64.02° attributed to (112), (103), (211), (320), (303), (321),
and (224) crystalline planes. This result is consistent with
previous reports [39] and indicates that tetragonal copper
spinel crystals have been formed. In addition to character-
istic diffractions of CuFe,0,, the diffractions that emerged
at 260 =33.5°, 49.50° and 54.5° reveal that in addition to
CuFe,0,, ferrite oxide (Fe,O5) nanoparticles have probably
been formed during the calcination of the sample at 700 °C,
and these diffraction angles correspond to the (104), (024),
and (116) planar Miller indices [40—42].

In Fig. 2B (a), the PXRD pattern of the pure TiO, sam-
ple reveals the diffractions at 20=25.46°, 38.00°, 48.16°,
54.12°,55.26°, and 62.92° corresponding to the crystalline
planes with Miller indices of (101), (004), (200), (105),
(211), and (204), verifying the anatase crystalline structure
of TiO, nanoparticles (JCPDS-21-1272) [43].

Figure 2B (b) shows the PXRD pattern of the TCF sample
with no indication of CuFe,0, or Fe,O; patterns. This can
be due to the weight of CuFe,0, and Fe,0; nanoparticles
being a very small fraction of the weight of TiO, nanopar-
ticles, and as a result, not having a substantial effect in the
diffraction pattern of TiO,. Other possible reasons are the
excellent crystallinity of TiO, and its probable formation
around CuFe,0O, and Fe,0O; nanoparticles leading to the
absence of ferrite compound features in PXRD patterns.

Fig.2 A The PXRD patterns of S A
CuFe,0, (a) before and (b) after = o _
calcination, and B The PXRD = ° _ 8 §
patterns of (a) TiO, and (b) 3 = 3 = = g = § &
TCF samples s & s 2 g 2 > =

z . E

£y

|
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20 (degree)

Intensity (a.u.)

* @ Springer

20 (degree)



International Nano Letters (2019) 9:327-338

331

Furthermore, both patterns showed sharp peaks indicat-
ing high crystallinity of the samples, and the width of the
peaks contains information about the sizes of the crystals
as well.

According to the Scherrer equation, the TiO, crystal size
of each sample is related to the full width at half maximum
of the diffraction:

KA
Dy = Feos(@)’ 2

where D, is the average size of the particle and &, k and [ are
plane Miller indices, here equal to 1, 0, and 1. K is a dimen-
sionless, constant shape factor (~0.89), 1 is the irradiated
X-ray wavelength (0.1542 nm), 26 is the angle between the
scattered and the incident X-ray plane wave vectors, cor-
responding to the maximum intensity of the diffraction, and
finally, g is the diffraction’s full width (in radian) at its half
maximum [44].

The results of the calculation in Table 1 show that the
TiO, crystals in both samples have nanoscale dimensions,
and the crystal size of TiO, in TCF sample is less than the
crystal size in pure titania. The presence of CuFe,O, and
Fe,O; nanoparticles may act as nucleation centers for the
formation of TiO, crystals, thus preventing the growth of
TiO, crystals during the hydrothermal synthesis.

Interplanar distance, d,;;, can be determined using
Bragg’s equation [45]:
2d,,, 8in(0) = nA, 3)
where 7 is a positive integer illustrating the reflection order
and is assumed to be 1 The anatase phase of TiO, has a
tetragonal structure (lattice parameters: a=b#c; a, b and ¢
are the length, width, and height of the rectangular cuboid,
respectively.), so dy, is related to the lattice parameters by
the following equation [46]:

2,12 P2
1 _h+k + I

d? a? 2’

“

This equation was used to compute the lattice parameters
and the cell volume (V=a’c) shown in Table 2. To calculate
a and ¢ parameters, the third and first peaks at 20=30.0° and
25.2° corresponding to Miller indices of (200) and (101),
respectively, were used. By comparison of the results of
Table 1 with reported data [47-49], the anatase structure of
titania is verified.

Table 2 Chemical composition of the samples from EDX analysis

Sample Ti (Wt%) O (Wt%) Cu (Wt%) Fe (wt%)
TiO, 57.52 42.48 - -

TCF 51.00 43.37 2.62 3.01
FESEM/EDX analyses

FESEM images of the samples are shown in Fig. 3 with
100 nm and 1 pm scales. The TCF sample shows minor
accumulation compared to pure titania.

The EDX analysis was carried out to investigate chemi-
cal composition of the samples, and the results are shown in
Fig. 4 and Table 2. Despite the PXRD patterns, the elemen-
tal analysis and EDX patterns confirmed the presence of Ti,
O, Cu, and Fe. In Fig. 4A, two peaks are seen at 0.2, 4.5 keV,
with the highest intensity observed at 4.5 keV. The stronger
peak corresponds to the bulk titanium, and the weaker one
is related to the surface titanium [48]. The peaks of copper
are located at 0.7, 8 and 9 keV [49], and iron (Fe) peaks are
seen at 0.9, 6.1 and 7 keV [50].

The elemental mapping EDS images (Fig. 4B) exhibit
the immensely and uniformly dispersed CuFe,0O, and Fe,0;
nanoparticles in the TiO, host lattice. These images show
the presence of CuFe,0O, and Fe,O; in the composite struc-
ture, although in PXRD patterns, the analogous peaks of
CuFe,0, and Fe,0; are not distinguishable. This illustrates
the good interaction between CuFe,O,/Fe,05 and TiO, par-
ticles during the hydrothermal preparation method. Also, we
can observe a wide range of particles in the TCF sample that
greatly affect different parameters such as blocking tempera-
ture, magnetization, etc.

DRS analysis

The DRS analysis was used to determine what effects the
combination of copper ferrite spinel/ferrite oxide with tita-
nium dioxide could have on the bandgap energy (E,,) of the
photocatalyst. The results are shown in Fig. 5.

Figure 5A shows an intense broad absorption band
around 400 nm corresponding to a charge transfer from
2p orbitals of oxide onions valence band to 3d t,, orbitals
of the Ti** cations [49, 51]. The main absorption of TiO,
appears in the UV range due to its large E,,. As can be

Table 1 Structural phase, crystal dimension, lattice parameters and band gap energies of the synthesized samples (calculated from DRS data

using Kubelka—Munk function)

Sample Phase a=b(A) c(A) V(A% D (A) Band gap (eV)
TiO, Anatase 3.8 9.8 140.3 147 2.99
TCF Anatase 3.8 9.3 133.6 135 3.02

]
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Fig.3 FESEM images of the
samples with 1-um and 100-nm
scales: a TiO, and b TCF

Ve
SEM MAG: 50.0 kx

View field: 4.15pm |Date(m/dly): 03/06/19

Det: InBeam

seen in the inset graph of Fig. 5A, there is a newly formed
broad band from 450 to 630 nm that could be due to the
presence of copper ferrite spinel/ferrite oxide in TCF.

The E,, of the samples were calculated using Tauc’s
equation:

(F(RW)"? = A(hv — Ey,). 5)

F(R) is the Kubelka—Munk function, v is the frequency
acquired from the DRS spectra, & is the Planck constant,
and A is another constant [52]. The results are summa-
rized in Table 1 and Fig. 5B. The calculated E;, of TCF
(3.022 eV) does not show a remarkable change compared

* @ Springer

to the pure titania E,,, (2.991 eV), and this again confirms
the formation of TiO, around CuFe,0,/Fe,0;.

Nitrogen physisorption

Figure 6 shows the N, physisorption isotherms and pore
size distribution curves of the prepared samples. Both phy-
sisorption isotherms of the samples belong to Group IV
of the International Union of Pure and Applied Chemistry
(IUPAC) classification scheme. The samples’ specific sur-
face area and average pore size were calculated using the
BET method, and the average pore volumes were computed
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Fig.4 A EDX patterns of

(a) TiO, and (b) TCF, and B
elemental mapping images of
(a) TiO, and (b) TCF

10000-- (a)

Counts

40003 TiLe
OKa

V)

Counts

Energy (KeV)

with the Barrett-Joyner—-Halenda (BJH) model, using the
adsorption branch data. The results are outlined in Table 3.
According to IUPAC classification, materials with pore
sizes between 2 and 50 nm are identified as mesoporous
[52, 53]. Based on the data shown in Table 3, both sam-
ples have mesopores in their structures. The nanocomposite
particles have a larger average pore size, and as a result,
they have less specific surface area. This could indicate that
TiO, has covered CuFe,0,/Fe,O5 nanoparticle surface lead-
ing to the formation of ternary TCF compound [39]. Also,
the presence of copper ferrite spinel/ferrite oxide gives rise
to a significant increase in the pore volume per mass unit of
the nanocomposite.

VSM measurements

The magnetization of TiO, and TCF were measured using a
VSM system at room temperature. The maximum external
magnetic field intensity used to magnetize the materials was
1 Tesla. The hysteresis loops shown in Fig. 7 indicate a con-
siderable magnetization value for CuFe,0, (~24.8 emu/g).
The ternary TCF nanocomposite exhibits about one order
of magnitude less magnetization (~1.99 emu/g), which

Energy (KeV)

identifies it as a paramagnetic material. TiO, particles cover
the surface of CuFe,0,/Fe,0; grains, leading to less mag-
netization compared to pure magnetic nanoparticles.

Photocatalytic decomposition of MB

To investigate the photodegradation efficiency of the syn-
thesized samples, a suspension was prepared that consisted
of different amounts of the photocatalyst in 100 mL of MB
solution, with an initial concentration of 10 ppm and pH
9. To reach the adsorption—desorption equilibrium state,
the solution was stirred in the dark for 60 min. Afterwards,
it was exposed to tungsten light for 240 min or to UV
irradiation.

Under UV radiation, pure titania showed 99% removal
in 60 min, and TCF showed 98% removal in the same time
period. However, under visible-light illumination, the situ-
ation was slightly different. The results for pure titania and
TCF are shown in Fig. 8. For all the different amounts of
samples in the suspension, the final decomposition for pure
titania is a few percent more. This may be due to the smaller
bandgap energy and large crystal size of pure titania com-
pared to those of TCF samples (Table 1).

]
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Table 3 Structural parameters of the synthesized samples

Sample SBET (m?%g) Average pore diam- Pore
eter (nm) volume
(cm¥/g)
TiO, 110.0 10.6 0.316
TCF 102.3 16.0 0.383

To find the major active species that are involved in the
process of photodecomposition of MB in the presence of
TCF samples, triethanolamine (TEOA), isopropanol (IPA),
and ascorbic acid (AA) were employed as the scavengers
of h*, OH', and (O radicals, respectively. As shown in
Fig. 9, the photocatalytic removal of MB was 60% with-
out any scavenger material. The decomposition of MB in
the presence of TEOA, IPA, and AA was 52%, 62%, and
40%, respectively. This indicates that OH" does not play an
appreciable role in the photodecomposition process, and the
main species responsible for the decomposition of MB are
h* and O

So the mechanism of MB decomposition can be sug-
gested as below [29, 54, 55]:

TCF + hv — TCF(eg, + hip), (6)
g T 0, = 0y, @)
hf, + H,0 - OH' + H, ®
O, —H' - HOO" — OH, 9)
h* + MB — decomposition products, (10)
250
B TCF isotherm
0.045
200
0.03
% 150 %\.015
E ’1 10 10
EA 100 r, (nm)
50
0
0 0.2 0.4 0.6 0.8 1

Relative Pressure (p/p,)

Fig.6 Nitrogen physisorption isotherms of a TiO, and b TCF samples. The inset graphs show the pore size distribution for each sample
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Fig. 8 Phtodecomposition efficiency of MB (10 ppm) in the presence of a TiO, photocatalyst and b TCF photocatalyst under the visible light for
240 min
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concentration: 10 ppm; volume: 'S 52%
100 mL; catalyst dosage: = 50% [
varying between 5 and 30 mg, 84 40%
1 1 > 1 . 3 0
illumination time: 240 min) g 40% )
=
R
2 aox
5
Q9 20%
D
a
M 10%
=
0%
No Scavenger IPA TEOA AA
O; + MB — decomposition products, (11) Conclusion
OH + MB — decomposition products. (12) Pure titania and magnetically reclaimable TCF nanocom-

Figure 10 shows the schematic formation process of TCF
nanocomposite and the proposed mechanism for MB decom-
position in the presence of TCF.

A

TIP + EtOH
hydrothermal process

CuFe,0,/Fe,0;

TiO,/CuFe,0,/Fe;0;

Decomposition products

Fig. 10 a Schematic representation of TCF nanocomposite formation,
and b suggested reaction mechanism for MB photodecomposition in
the presence of TCF under visible light

@ Springer

posite were synthesized via a one-pot hydrothermal method
and used for the visible-light photocatalytic decomposition
of MB, an organic dye found in wastewater from the textile
industry. PXRD analysis indicated that both samples pre-
served their anatase phased structure, with the average crys-
tal dimension of 13.1 and 14.7 nm. The EDX and elemental
mapping analyses confirm the presence of CuFe,0,/Fe,0;
in the TCF sample, although there is no sign of CuFe,0, and
Fe,0; phases throughout the whole range investigated; so,
we can confidently rule out the presence of any secondary
phase within the limits of such detection by PXRD.

Adding CuFe,0, to TiO, did not change the bandgap
energy; however, it increased the diameter and volume of
the porous structure, which will lead to higher adsorption
of pollutants in aqueous environments. In this work, pure
titania showed about 10% more MB decomposition com-
pared to the magnetic nanocomposite. The presence of TCF
and TiO,, increased maximum decomposition of MB up to
68% and 77%, respectively. The critical active species that
are involved in photocatalytic decomposition of TCF are
h* and 05, but OH' radical has no significant effect in the
photodecomposition process.
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