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ABSTRACT

Magnetic core-shell photocatalytic microparticles were synthesized by a simple precipitation
(a-Fe,O,), heterocoagulation (a-Fe,0,@Ti0O,), and magnetization (Fe,0,@TiO,) methodology. Their
specific surface area, average size, and average pore size were 202 + 5.0 m* g*!, 1.5 um, and 7.0 nm,
respectively. The microparticles photocatalytic activity was assessed using Acid Blue 9 (ABY) as a
model-pollutant. By using 1.0 g photocatayst L™, 60% of the initial color of a 25 mg AB9 L' was removed
in 120 min (whereas only a 14% color removal was observed by direct photolysis with a medium
pressure mercury vapor lamp). The particles were magnetically separated from the dye solution
(50 mL) in 2 min using an ordinary magnet. After ten reuse cycles, no perceivable photocatalytic
activity losses occurred. Therefore, the synthesized microparticles behaved as a feasible magnetically-
recyclable photocatalyst, at least regarding AB9 degradation.
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1. Introduction

Although, biological processes deliver the best results
for the removal of high organic loads from wastewaters
with large flow rates, they are markedly inefficient
toward pollutants presenting low biodegradability and/or
ecotoxicity [1].

To fill in this gap, advanced oxidation processes (AOPs)
are a feasible choice. They are based on the “in situ”
generation of hydroxyl radicals (*OH), the second best
oxidant in nature [2,3]. AOPs have been efficiently used for
several environmental applications: water and wastewater

* Corresponding author.

treatment, disinfection, air purification, soil remediation, and
the treatment of volatile organic compounds [4].

The most studied AOP is heterogeneous photocatalysis
with titanium dioxide (TiO,) as the photocatalyst. That is a
solid with low cost, low ecotoxicity, high photo-stability, and
it can be used in a wide range of pHs [5]. However, TiO, also
has some disadvantages, such as: it is only UV-excited and
requires an additional unit operation (e.g. filtration or cen-
trifugation) for reuse purposes [6].

To overcome that last drawback, one could use magnetic
photocatalysts, as they would be easily separated from the
reaction medium with the aid of a magnet. One of those
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photocatalysts, Fe,O,@TiO, (core: magnetite; shell: titanium
dioxide), consists of particles with magnetic nuclei coated
with a photoactive substance. Recently, good results have
been reported for a wide range of applications, such as:
degradation of dyes and other organic pollutants [7-12],
destruction of tumor cells [13,14], inhibition and destruction
of pathogenic bacteria [15], and other biotechnological appli-
cations [16-19].

The aim of this study was then to apply a simple proce-
dure for synthesizing a magnetic photocatalyst (Fe,O,@TiO,),
with high specific surface area, good photocatytic activity
(when compared with Evonik’s TiO, P25), and high reuse
rates.

A water-soluble triarylmethane dye (Acid Blue 9, C.I
42090 and Fig. 1) was chosen as a model-pollutant to assess
the synthesized particles photocatalytic activity due to:

e It is used by several (textile, food, pharmaceutical, etc.)
industries [20-22].

e It is the major dye in the product Aquashade®, a
pre-emergent pesticide widely used for aquatic plants
growth control [23-25].

e It is a valuable dye tracer for visualizing water flow
patterns in soils [26].

e Itisphoto-stable,linked tomutagenicand bioaccumulative
effects, and it presents low biodegradability [27-29].

2. Materials and methods
2.1. Synthesis of hematite (a-Fe,0,) sub-micro particles

Hematite sub-micro particles were prepared by the
precipitation method [30]. The pH of aqueous iron(III)
chloride hexahydrate (500 mL, 0.01 mol L™) was set to
10.5 with aqueous sodium hydroxide (0.5 mol L), under
continuous stirring. Protons release, during hydrolysis, may
take place either by olation or oxolation [31]. The generated
oxyhydroxide, as a gelatinous black precipitate, was decanted
and the supernatant discarded.

The precipitate was washed with distilled water until its
pH decreased to 9.3. Next, aqueous hydrochloric acid (10 mL,
1.0 mol L") were added to a suspension of the precipitate in
water (250 mL) to avoid the formation of other iron phases,
but hematite. The suspension was made up to 500 mL with
distilled water and aged for 48 h at 105°C in a Roux flask

(1,000 mL) [32,33].
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Fig. 1. Model-pollutant: Acid Blue 9 (triarylmethane dye, C.I
42090).

SO3Na

Finally, a metallic-red suspension was formed. Its pH was
set to 6.0 with aqueous sodium hydroxide (0.5 mol L), under
continuous stirring, in order to expedite hematite sub-micro
particles precipitation from suspension. The sub-micro
particles were filtered, thoroughly washed with distilled water
until no turbidity was observed upon adding diluted aqueous
silver nitrate to the wash water, and dried at 50°C for 2 h.

2.2. Functionalization of hematite sub-micro particles

The functionalization was performed in two steps: (a) TiO,
coating of the synthesized sub-micro particles by heteroco-
agulation [34] and (b) phase transformation, from a-Fe O, to
Fe,O, (magnetization), by controlled heating under reducing
atmosphere [35].

2.2.1. TiO, coating

TiCl, (99%, 100 mL) was transferred to a beaker. Next, a cer-
tain volume of distilled water was slowly added, under contin-
uous stirring, to make approximately 1,000 mL of solution. The
temperature of reagents and glassware was maintained under
0°C [36]. During hydrolysis, it was formed a yellowish precip-
itate of TiO(OH), (unstable) and then a yellowish solution of
TiOClL, [37]. The Ti* concentration in that solution (stock solu-
tion) was measured by Inductively Coupled Plasma/Optical
Emission Spectrometry (ICP-OES): 1.82 mol L.

According to the desired Ti*" concentration in a particular
experiment, 100 mL of the stock solution were transferred to
a three-neck round-bottom flask and diluted with distilled
water, under continuous stirring. The diluted solution pH
was raised to approximately 13 by adding aqueous NaOH
(2.5 mol L™). Next, 100 mg of sub-micro particles were added
to the flask and carbon dioxide bubbled until pH decreased
to 6.8. At that point, a layer of titanium hydroxides and/or
oxyhydroxides precipitates on the hematite sub-micro par-
ticles [34]. The TiO,-coated sub-micro particles were filtered
and washed with distilled water (to remove impurities),
dried, and calcined at 500°C for 2 h to consolidate the TiO,
layer (anatase).

2.2.2. Magnetization

The coated (TiO,) hematite sub-micro particles were
inserted in a tubular furnace at 400°C for 1 h. The reducing
atmosphere was provided by a H, flux with a flow rate of
22 mL min™. During that process, the sub-micro particles
core becomes magnetic (by converting a-Fe,O, into Fe,O,),
without any changes to the TiO, shell.

2.3. Sub-micro particles characterization
2.3.1. X-ray diffraction (XRD)

A Rigaku-Denki (Rint2000) powder diffractometer with a
conventional X-ray generator was used (CuKo, 1 =1.5418 A).
The scanning angle was varied between 20° and 70° the
scanning speed was 0.010° s™ in 26.

The obtained diffratograms were compared with standard
ones available in the International Center for Diffraction Data
(ICDD) libraries (CD-ROM, 1998 JCPDS, PCPDFWIN v.2.01
crystallographic cards collection).
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2.3.2. Electrophoretic mobility analyses (isoelectric point
and zeta potential)

According to the International Union of Pure and
Applied Chemistry, [38] the isoelectric point (IEP) is “The pH
value at which the net electric charge of an elementary entity
[of a particle] is zero. pl is a commonly used symbol for this
kind-of-quantity. It should be replaced by pH(I) because it is
a pH determined under that particular condition.”. On the
other hand, the Point of Zero Charge (PZC) is obtained “(...)
when the surface charge density (of a particle) is zero. It is
a value of the negative logarithm of the activity in the bulk
of the charge-determining ions”. When there is no specific
adsorption of ions on a particle surface, the pH(I) and the
PZC are the same.

The PZC, size distribution, and additional information
about the sub-micro particles coating were obtained by
electrophoretic mobility (pH 2-9) with the aid of a Zetasizer
Nano Z (Malvern). The synthesized sub-micro particles
(5-10 mg) were suspended in KNO, 10 mol L™ (100 mL).
The desired pH in each experiment was achieved by adding
diluted KOH or HNO,.

2.3.3. Field emission gun scanning electron microscopy
(FEG-SEM) and energy dispersive X-ray spectrometry

The polycrystalline aggregates morphology was observed
in a Philips XL-30 FEG system with an acceleration voltage of
10-25 kV and magnification of 25,000-1,00,000x.

A small amount of sub-micro particles was suspended in
anhydrous ethanol and sonicated for 5 min. That suspension
was then added dropwise to an aluminum support. That
support was then dried at 50°C for 1 h. After cooling down to
room temperature, it was metallized with gold.

The semi-quantitative composition of the sub-micro
particles (titanium, oxygen, and iron) was determined by
EDS, with an acceleration voltage of 20-30 kV.

2.3.4. Specific surface area and pore size distribution

Adsorption/Desorption isotherms were obtained in a
Quantachrome equipment, model Nova 1000, using nitrogen
as the inert gas. The sub-micro particles specific surface area
was calculated by the Brunauer-Emmet-Teller (BET) method.
Samples were previously degased at 150°C for 2 h.

The sub-micro particles pores volume distribution was
calculated by applying the Barret-Joyner-Halenda (BJH)
method to the desorption isotherms [39].

2.3.5. Magnetic characterization

It was accomplished using an MPMS-5S Quantum
Design SQUID (Superconducting Quantum Interference
Device) at 300 K and with an applied magnetic field above
10 kOe (1 T). Magnetic saturation (M), coercivity (H.),
and remanence (B,) values were obtained by hysteresis
loops at room temperature. Samples were packed in a
plastic tube.

Verwey and Curie temperatures were estimated by
zero-field cooled and field cooled (ZFC and EC, respectively)
magnetization curves (5-300 K) [40,41].

2.4. Photocatalytic activity tests
2.4.1. Reactor characterization

The experiments were performed in a 250 mL cylindri-
cal borosilicate reactor, kept at 25°C + 2°C (Fig. S1(a)). The
suspension was irradiated with a 250 W medium pressure
mercury vapor lamp (Philips HPL-N), whose outer bulb was
removed. The lamp was positioned 15 cm above the liquid
layer. Its emission spectrum was measured by a Stellarnet
EPP2000C-50 spectroradiometer also at 15 cm away from the
lamp (Fig. S1(b)).

2.4.2. Experimental procedure

In all experiments, 50 mL of a 25 mg L™ Acid Blue 9 (AB9)
solution was used. First, to the reactor already containing
the dye solution, a pre-determined catalyst amount (0.3 or
1.0 g L") was added. Next, the suspension was sonicated
(Odontobras, 20 Hz) for 20 min and maintained under mag-
netic stirring throughout each experiment. The suspension
pH was adjusted with diluted H,SO, (Synth) or NaOH
(Quemis), accordingly (3.0 or 8.0). Air was bubbled and the
reactor was kept in the dark to attain the adsorption equilib-
rium. Then, the reactor was irradiated for 60 min. Finally, the
catalyst was magnetically separated (with an ordinary mag-
net) and the effluent was vacuum-filtered through 0.45 um
pore-size cellulose nitrate membranes.

The suspension “concentration” and pH were set accord-
ing to a 2* factorial design, with four repetitions of the cen-
tral point, conceived to study these variables (factors) with a
minimum number of statistically validated experiments [42].

2.4.3. Color removal

The visible absorption spectra (400-700 nm) of treated
samples were obtained by a Varian Cary Win UV Scan
Application spectrophotometer. Then, OriginPro® 8.0 soft-
ware was used to numerically integrate the area below those
spectra. Calculated areas were used as an indirect measure of
the samples color.

3. Results and discussions

3.1. Structural and morphological characterization of hematite
sub-micro particles

A well-defined hematite phase, with good crystallinity
was obtained (Fig. 2). All of the observed peaks in the diffrac-
togram were an almost perfect match to the diffraction lines
of romboedric hematite (a-Fe,O,, JCPDS # 33-0664).

Fig. S2(a) presents a micrograph taken showing agglom-
erates formed by impurities-free, rounded hematite particles
with a well-defined phase. Additionally, they presented a
narrow size distribution, centered at approximately 155 nm
(Fig. S2(b)).

Particles size is closely related to their synthesis pH.
When the pH value is similar to the pH(I) one, hematite par-
ticles of around 8.0 um are obtained; however, in extremely
acidic or basic conditions, particles of approximately
100 nm are formed [43]. Surface charges decrease, when pH
= pH(I), resulting in very weak repulsive electrostatic forces;
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Fig. 2. Diffractogram of the synthesized hematite sub-micro
particles by precipitation.

therefore, attractive (van der Waals) forces predominate,
increasing particles size.

The electrophoretic mobility analysis revealed a
pH(I) of 9.0, which is within the usually reported range,
7.0 <pH(I) < 9.5, by other authors [44].

3.2. Functionalization of hematite sub-micro particles
3.2.1. TiO, coating

Although hematite could theoretically catalyze redox
reactions [45,46], it should be coated with TiO, to improve its
photocatalytic performance [47].

In order for the coating of (hematite) particles with the
desired species (titania) to be generated, there must be a
pH range within which they have opposite charges, so that
electrostatic attraction becomes the driven force. That range
is, for TiO, and Fe,O,, from 5.39 to 8.98, which happen to be
their respective pH(I).

FeCl, concentration and hematite weight are key param-
eters for determining the Ti concentration that produces a
material with the highest possible specific surface area and
crystallinity.

Fig. 3 shows the diffractograms obtained for the hematite
cores coated by heterocoagulation with different Ti percent-
ages (regarding the atomic ratio Fe:Ti). After coating, all sam-
ples were calcined at 500°C for 2 h, so to dehydroxylate and
consolidate the TiO, (anatase) layer [48]. One can observe
that, in all tested conditions, adequate crystallinities were
obtained, while maintaining the crystallographic character-
istics of the hematite cores.

One can notice that when hematite cores were coated
with 30% Ti, an ill-defined anatase phase was formed, what
would probably impair the photocatalyst activity and the
cores protection. On the other hand, samples coated with
90% Ti presented a considerable reduction in the cores char-
acteristic peaks intensity, what would decrease the particles
magnetization performance. Therefore, coatings with 30% or
50% Ti seemed to be the best choices in order to couple high
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Fig. 3. Diffractograms of coated hematite cores by

heterocoagulation with different Ti percentages (regarding the
atomic ratio Fe:Ti) and calcined at 500°C for 2 h: (a) no cores
(TiO, only); (b) Ti 90%; (c) Ti 70%; (d) Ti 50%; (e) Ti 30%; and
(f) just cores (no TiO,). Vertical red lines: TiO, (anatase, JCPDS
#21-1272).

crystallinity with magnetic properties, thus increasing the
photocatalyst activity and recyclability.

A uniform TiO, shell upon Fe,O, cores was attained, as
depicted by the EDS mapping (Fig. S3). The results reinforce
that heterocoagulation is an efficient strategy for function-
alizing particles: appropriate specific surface areas were
obtained without the need for surface changes on the cores to
enhance their affinity for the shell.

3.2.2. Magnetization

Based on the previous results, this step was only
performed with microparticles synthesized with 50% Ti.

Hematite (a-Fe,O,) can be magnetized by thermal
treatment under reducing conditions, generating magnetite
(Fe,0,), without changing the TiO, shell. Based on Lou and
Archer’s (2008) work, temperatures of 400°C and one hour
of reducing atmosphere (H,) were needed to completely
change hematite into magnetite (Fig. S4). One can also notice
the appearance of diffraction peaks at 26 = 44.67° and 65.02°,
probably assignable to the (110) and (200) planes of metal-
lic iron (a-Fe, JCPDS N° 06-0696). That reduction to metallic
iron may indicate that some cores were left uncoated.

3.2.3. Magnetic properties

In fact, magnetite is a compound oxide - iron(ILIII)
oxide — in which iron ions occupy interstices of a face-
centered cubic structure formed by tetrahedral or octahedral
oxygen atoms. This kind of structure promotes highly
temperature-dependent magnetic properties [49], deter-
mined with the aid of a SQUID. Fig. 4 presents the FC and
ZFC curves obtained in a 100 Oe external field. From those
curves, two characteristic temperatures were estimated:
(a) Verwey temperature (Tv) — the temperature in which
the two approximately linear branches of the ZFC curve



140 U.M. Nascimento et al. / Desalination and Water Treatment 150 (2019) 136145

0.0026 4

0.0024 4

0.0022

0.0020

Magnetization (emu g™)

0.0018

r —
0 50 100 150 200 250 300
Temperature (K)

Fig. 4. Fe,0,@TiO, microparticles: (a) FC and (b) ZFC curves in
a 100 Oe field.

intersect one another; and (b) Curie Temperature (Tc) — the
temperature in which the FC and ZFC curves intersect one
another. Verwey transitions occur due to a fast movement of
electrons between ions Fe(Il) and Fe(IIl). Those sometimes
structural transitions may result in magnetic properties
changes of the desired material [41].

In temperatures greater than T , Fe,O,@TiO, is paramag-
netic; otherwise, below T, it is ferrimagnetic. Within the
studied range, T, was not observed, which means that the
synthesized photocatalyst has, at room temperature, sponta-
neous magnetization.

The Fe,0,@TiO, photocatalyst magnetization (M)
against an external applied magnetic field (H) was
measured at 300 K (Fig. S5). The hysteresis loop in the
M x H curve indicates that the synthesized photocatalyst is
ferrimagnetic. Measured M,, H. and B, were 0.20 emu g
(0.20 A m? kg™), 48.57 Oe (3,865 A m™), and 0.005 emu g
(0.005 A m? kg™), respectively. Those low magnetization
values are in accordance with the weight of magnetite that
composes the photocatalyst. Moreover, when non-magnetic
materials (like TiO,) coat magnetic particles, a passivation
layer may be formed [41,49,50]. Those magnetic properties
allowed the photocatalyst to be magnetically separated
within 2.0 min.

3.3. Fe,0,@TiO, characterization

Micrographs revealed particles with similar features:
micrometric dimensions, rugged surfaces and irregu-
lar, raspberry-like shapes (Fig. 5(a)). Although, hematite
sub-micro particles were synthesized, core-shell microparti-
cles were produced when they were coated. That was due to
the cores agglomeration before the coating was completed.
Afterwards, several layers of TiO, were yet deposited [51].

The measured specific surface area of the microparticles
was 202 + 5.0 m? g, quite bigger than the one of Evonik’s P25
=50 m? g™'). The microparticles average size was centered at
approximately 1.5 um (Fig. 5(b)).

The nitrogen adsorption/desorption isotherm and the
correspondent pores size distribution are given in Fig. S6.

That is a typical type IV isotherm, in which capillary
condensation occurred at relative pressures above p/p, = 0.8,
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Fig. 5. Fe,0,@TiO, microparticles: (a) Micrograph
square — mesopores) and (b) size distribution.

(red

indicating the formation of mesopores and thus explaining
the high specific surface area (BET) of 202.0 + 5.0 m* g and
pores total volume of 0.424 cm® g™ [35].

The hysteresis width, besides the pores size distribution,
probably indicates bottle-like pores (narrow entrances and
large inner volumes). The pores size is centered at approxi-
mately 7.0 nm. That mesoporous structure makes it easier for
pollutants to diffuse from the solution bulk to the photocat-
alyst surface.

The IEP was determined as 7.10 (Fig. S7). Therefore, the
microparticles surface is positively charged at pH < 7.10 and
negatively charged at greater ones.

3.4. Fe,0,@TiO, photocatalytic activity test

The photocatalytic activity of the microparticles was
assessed by degrading AB9. In order to achieve an appropri-
ate condition for the degradation, a 2 factorial design was
performed.
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3.4.1. 2% Factorial design

The investigated factors were: (a) Catalyst (microparticles)
concentration (0.30 and 1.0 g L), levels chosen based on pre-
vious studies (not shown here); and (b) Initial pH (3.0 and
8.0). The results of the factorial design can be summarized
in the Pareto’s chart shown in Fig. S8. One can observe that
both effects (catalyst concentration and pH) are statistically
significant (within a 95% confidence limit), as well as their
interaction. As the catalyst concentration has a positive effect
and pH has a negative one, the greatest tested concentration
(1.0 g L") and the lowest tested pH (3.0) maximize color
removal. That reaction conditions were then selected to
perform the following experiments.

The catalyst concentration should be always
carefully chosen, as two opposing factors influence the
photo-degradation: the more catalyst in suspension, the
more available catalytic sites for reaction; however, opacity
also increases with catalyst concentration, impairing photons
to reach inner parts of the suspension.

The pH of a solution influences diffusion, adsorption and
dissociation of the dye, catalyst surface charge, and so on.
The effect of initial solution pH on the degradation of AB9
by Fe,0,@TiO, photocatalyst was investigated at initial pH
values of 3.0 and 8.0 through of a 2? Factorial Design and the
results are shown in Table 1.

The degradation efficiency of AB9 was better at initial
pH 3.0. This occurs because of the solution pH affects the
TiO, surface ionic speciation. The pH-dependence of surface
charge, which is linked to the point of zero charge (PZC) of the
Fe,O,@TiO, photocatalyst, can be explained by Egs. (1)-(2).

pH <PZC:>TiOH + H" = TIOH; M
pH>PZC:>TiOH+OH™ = TiO™ + H,0 )
The PZC value for the prepared Fe,O,@TiO,

photocatalyst is 7.10. Therefore, its surface is positively
charged in all acid pH range. The model-pollutant (AB9),
when dissolved in water, may be neutral or dissociate to a
mono- or divalent anion (pKa, =5.83 and pKa, = 6.58) [26]. So,
at pH 3.0 the dye is negatively charged. Consequently, the

Table 1
Factorial design for studying the effect of pH and Fe,0,@TiO,
photocatalyst concentration on the degradation of AB9

Experimental Independent variables Colour
run xla (CFe304/TiOZ’ g L_l) xZa (pH) removal (%)
1 -1(0.3) -1(3.0) 2551

2 +1 (1.0) -1(3.0) 4283
3 -1(0.3) +1(8.0) 15.96
4 +1 (1.0) +1(8.0) 20.88
5 0 (0.65) 0(.5) 13.66

6 0 (0.65) 0(5.5) 13.24
7 0 (0.65) 0(5.5) 1416

8 0(0.65) 0(5.5) 15.04

* Coded levels.

dye molecules could be more favorably adsorbed on the sur-
face of the photocatalyst under acidic conditions, resulting in
the increase of photocatalytic degradation efficiency.

3.4.2. Color removal kinetics

Kinetic experiments were performed in triplicate during
120 min. Fig. 6 shows the color removal profile. Initially, a
pseudo-first-order kinetic regime was established (up to
45 min).

Between 45 and 75 min, no significant color removal was
observed. That is possibly due to the formation of recalci-
trant intermediates. After those intermediates destruction,
the pseudo-first-order kinetic regime was again established
with an average k = (7.6 + 1.3) x 10 min™, R* = 0.981, 95%
confidence limit. Approximately 60% of the initial color was
removed in 120 min. Within the same elapsed time, only 14%
of the color was removed by photolysis.

3.4.3. Reuse cycles

One of the key features a catalyst must have is the ability
of being repeatedly used without poisoning or losing its cat-
alytic activity. To check the synthesized photocatalyst per-
formance over time, a series of ten degradation experiments
(45 min) were performed in which the same catalyst mass
was used after magnetic separation with a new dye solution
(50 mL, 25 mg L™). The results are shown in Fig. 7.

One can observe that, after ten reuse cycles, there was
no perceivable photocatalytic activity losses (regarding
AB9 degradation), which is a very promising result. The
degradation was kept stable at approximately 31%.

4. Conclusions

It was possible to synthesize, without using organic
solvents, hematite sub-micro particles with a narrow size
distribution centered at 155 nm. A magnetic catalyst with
high crystallinity and high specific surface area (202 m? g™)
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Fig. 6. Color removal profile for 50 mL of a 25 mg L™ aqueous
solution of Acid Blue 9. Conditions: initial pH = 3.0; and Fe,O,@
TiO, concentration=1.0 g L.
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Fig. 7. Photocatalyst (Fe,O,@TiO,) reusability in the Acid Blue
9 (ABY) degradation. The central line shows the experimental
points average; the outer ones, two standard deviations (295%).

was obtained after coating those particles with TiO, and
functionalizing them appropriately.

The Fe,0,@TiO, catalyst presented ferrimagnetic behav-
ior at room temperature and could be easily separated from
an aqueous suspension (50 mL, 1.0 g L) by an ordinary
magnet.

The photocatalytic activity of the sub-micro particles was
assessed by degrading a triarylmethane dye when irradiated
with UV-Vis light (approximately 60% in 120 min). After ten
reuse cycles, the photocatalyst remained active, without any
perceivable performance losses.
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Fig. S1. Apparatus: (a) cylindrical borosilicate reactor (250 mL, 25°C + 2°C) scheme; (b) medium-pressure mercury-vapor lamp
spectrum.
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Fig. S2. Hematite sub-micro particles: (a) micrograph of particles agglomeration; (b) size distribution.
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Fig. S3. EDS mapping: (a) Micrograph of Fe,0,@TiO, microparticles; (b) Titanium distribution and (c) Iron distribution.
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Fig. S4. Diffractogram of the synthesized Fe,0,@TiO,
microparticles. Magnetization conditions: 400°C for 1 h under
reducing atmosphere (H,).

Fig. S7. Fe,0,@TiO, microparticles: isoelectric point.
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Fig. S5. Fe,0,@TiO, microparticles: magnetization hysteresis

curves (insert — coercivity). Fig. 8. Pareto’s chart showing the standardized effects estimates
for: photocatalyst (Fe,O,@TiO,) concentration, initial pH and
their interaction.
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Fig. S6. Fe,0,@TiO, microparticles: Nitrogen adsorption/
desorption isotherm (insert — pores size distribution).



