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decomposition: Methylene Blue (MB), Reactive Black (RB) and Acid Red (AR). The preliminary adsorption
of dyes on the photocatalysts surface was performed. Modification of anatase by FeC,04 caused reducing
of zeta potential of the photocatalyst surface from +12 to —7 mV and decreasing of their adsorption ability
towards RB and AR, which were negatively charged, —46.8 and —39.7, respectively. Therefore, unmodified

Keywords: . - TiO, showed the highest degree of RB and AR decompositions in the combination of dyes adsorption
Carbon and iron doped TiO, . .. . . . .
Fenton-like and UV irradiation. Methylene Blue, which had zeta potential of +4.3 in the aqueous solution was poorly

adsorbed on all the tested photocatalysts and also slowly decomposed under UV irradiation. The high
rate of dyes decomposition was noted on Fe-C-TiO, photocatalysts under UV irradiation with addition
of H,0;. It was observed, that at lower temperatures of heat treatment such as 500 °C higher content of
carbon is remained in the sample, blocking the built in of iron into the TiO; lattice. This iron is reactive
in the photo-Fenton process resulting in high production of OH radicals and also high activity of the
photocatalyst. At higher temperatures of heat treatment, less active FeTiO3 phase is formed, therefore Fe-
C-TiO; sample prepared at 800 °C showed low photocatalytic activity for dyes decomposition. Fe-C-TiO,
photocatalysts are active under visible light irradiation, however, the efficiency of a dye decomposition is
lower than under UV light. In a dark Fenton process there is observed an insignificant generation of OH
radicals and very little decomposition of a dye, what suggests the powerful of photo-Fenton process in
the dyes decomposition.
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1. Introduction Both, photocatalysis and photo-Fenton reactions can give rise of

OH radicals formation, which have been known as the strong and

Industrial dyestuffs including textile dyes are recognized as
being an important environmental threat. Physical, chemical, and
biological methods are available for treatment of such waste, how-
ever, they are not sufficient and advantageous, therefore applying
advanced oxidation processes (AOPs) seems to be reasonable. AOPs
are attractive in providing a promising and competitive solution for
the abatement of numerous hazardous compounds in wastewater
including Fenton or photo-assisted Fenton process, ozone or/and
peroxide photolysis, and semiconductor photocatalysis process.
Generated in AOPs hydroxyl radicals drive an oxidation processes,
which are suitable for achieving the complete elimination and min-
eralisation of various pollutants such as phenols, chlorophenols,
pesticides, alcohols, azo dyes, pharmaceutics, humic acids, organic
acids and others [1-6].
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no selective oxidisers of the organic matter in water. Iron is the
most commonly used metal as a Fenton reagent and can be used
in the form of iron salt as a homgeneous catalyst or as a heteroge-
neous catalyst in the form of a supported metal. The latter one is
being more advantageous, because can be reused in the following
processes. In photo-Fenton process OH radicals are produced in the
following reactions [1]:

Fe?* +H,0, — Fe3t + HO®* + HO™ (1)
Fe3* + HO™ +hv — Fe2t + HO® (2)

The reaction (1) proceeds much faster than reaction (2), thus the
yield of photo-Fenton reactions is higher in the excess of the Fe2*
ions. Reduction of Fe3* jons occurs in the presence of UV light.

Doping of iron to TiO, has been widely described by the others,
because iron doping can give some benefits such as retarding
the inconvenient recombination reaction, which proceeds after
photocatalyst excitation and also can extend the photocatalytic
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ability of the photocatalyst to the visible region [7-10]. However,
it was proved that the photoactivity of Fe/TiO, catalyst depended
on the way of preparation that influenced the amount and state of
iron [11-14].

Different methods of Fe/TiO, preparation have been reported
[11-14], such as impregnation of TiO, with aqueous solution of
Fe(NO3)3-9H,0 or sol-gel method from TiCl4 and Fe(NO3)3-9H,0
precursors. It has been reported that Fe/TiO, prepared by the
sol-gel method was less active than TiO, due to the fact that
dopants acted rather as recombination centers than a trap sites
for charge transfer. Thus, the obtained photocatalysts revealed the
lower amount of surface hydroxyl groups and a lower anatase-
to-rutile ratio compared to TiO, precursor sample. The extent
of doping is also important, because the presence of separated
hematite or pseudobrookite (Fe;TiOs5) phases in samples contain-
ing more than 2% of iron can decrease the catalyst activity [11]. It
has been also proved that the excess of deposited iron on TiO, can
form Fe(OH)2* species, which has the greater adsorption to the inci-
dence light in the range of 290-400 nm than TiO,, and can decrease
the Fe/TiO, photoactivity [14]. The low temperature of calcination,
such as 300°Cin Fe/TiO, preparation appeared to be favored taking
into account its photoactivity [14].

Hematite can work as a photocatalyst and can decompose some
organic compounds, like aniline or benzo[a]pyren [15,16]. However,
the mixture of Fe;03 and TiO; has been reported to be less active
than original TiO, itself [17,18].

Recently, we have developed a new group of Fe-C-TiO, photocat-
alysts. It was reported [19-22] that Fe-C-TiO, photocatalyst could
work in photo-Fenton process in water purification under UV irra-
diation and hydrogen peroxide addition. The prepared Fe-C-TiO,
photocatalysts contained both forms of iron, Fe(Il) and Fe(III), but
these samples with low content of carbon contained more iron
in the form of Fe(Ill). Sample prepared at 500°C showed higher
photoactivity under UV irradiation with H, O, than the other sam-
ples heated at higher temperatures such as 600-900 °C [21]. In this
paper the photoactivity of Fe-C-TiO photocatalysts towards dyes
decomposition is discussed in relation to dyes adsorption on the
photocatalyst surface, zeta potential of the photocatalysts and reac-
tivity of iron phases in photo-Fenton process.

2. Experimental
2.1. Photocatalyst preparation

Commercially available anatase structure TiO, precursor
obtained from the Chemical Factory Police S.A. in Poland has been
used for preparation. Anatase type TiO, contained a small amount,
about 3.5 wt% of rutile, and exhibited high BET surface area, around
300 m2/g. Fe-C-TiO, photocatalysts were prepared from powders
of TiO, and FeC, 04, detailed preparation was described elsewhere
[22].

2.2. Characterization of Fe-C-TiO, photocatalyst

The phase composition and the crystal structure of Fe-C-
TiO, samples were characterized by XRD powder diffraction and
Mossbauer spectroscopy techniques. XRD measurements were per-
formed in X’Pert PRO diffractometer of Philips Company, with CuKa
lamp (35 kW, 30 mA). Obtained XRD patterns were compared with
JCPDS (Joint Committee on Powder Diffraction Standards) cards.
The Mossbauer spectra were recorded at room temperature by
means of conventional spectrometer in transmission geometry
using >7Co in a Rh matrix. The samples were prepared in pellets
with a thickness of ca. 10 mg Fe/cm2. The spectra were numeri-
cally analyzed by the least-squares procedure assuming Lorentzian

line shapes. Isomer shifts are quoted relative to a-Fe. The respective
amounts of various phases present in the samples were determined
assuming equal recoil-free fractions for all the phases.

Zeta potential of photocatalysts and dyes was measured in their
aqueous solution in Zetasizer Nano-ZS of Malvern Company.

For characterization of the chemical surface structure of the
photocatalyst FTIR/DR Spectroscopy was used. The spectra were
recorded by means of JASCO FTIR 430 spectrometer with scanning
speed of 50 scans/min and the resolution of 4 cm~1. The background
was taken before each measurement.

The content of carbon in the prepared samples was determined
by combustion of carbon in air using TG analysis coupled with FTIR
measurements. The samples were gradually heated up to 1000°Cin
air with simultaneous recording of FTIR spectra of the decomposed
gas products. The carbon content in the samples was calculated
from the mass loss on the TG curve accompanied by appearing of
CO, bands in the spectrum.

The analysis of OH radicals formation on the sample surface
under UV irradiation with and without Fenton reagent (H,0;)
was performed by fluorescence technique using coumarine, which
readily reacts with OH radicals to produce highly fluorescent prod-
uct, 7-hydroxycoumarine. The intensity of the peak attributed to
7-hydroxycoumarine is known to be proportional to the amount of
OH radicals formed [23]. The product of coumarine hydroxylation,
7-hydroxycoumarine was determined by means of spectrofluo-
rymeter Hitachi F-2500, the fluorescence spectra were recorded
at excitation wavelength 332 nm for emission spectra in the range
of 335-600 nm with Amax at around 460 nm.

2.3. Photocatalytic activity test

The photoactivities of prepared samples were tested for dyes
decomposition (Methylene Blue (MB), Reactive Black (RB) and Acid
Red (AR)), under UV irradiation with and without addition of H,O5.
To check the influence of the light on the yield of photo-Fenton pro-
cess some photocatalytic tests were performed in the dark (dark
Fenton process) and under artificial visible light. The structures
of dyes are presented in Fig. 1. Each time, for the photocatalytic
test, the beaker with 500 ml of a dye solution of concentration
around 0.03 g/L and 0.1 g of photocatalyst were used. The amount
of H,0; added to the solution was 9.8 mmol/L. The solutions were
first magnetically stirred in a dark for 30 min in order to estimate
the adsorption of dyes on the photocatalyst surface and then were
irradiated under UV or visible lights from the top of the beaker. In
dark Fenton process decomposition of dyes was carried out in the
absence of any light with the preliminary adsorption for 30 min. The
concentration of a dye solution was analyzed in UV-vis spectropho-
tometer, The Total Organic Carbon (TOC) was measured before and
after decolourisation. As a source of UV, six lamps of Philips com-
pany with power of 20 W each were applied. These lamps emit the
radiation at the visible region of about 100 W/m?2 and at UV range
of 154 W/m? intensities, in the range of 312-553 nm with a maxi-
mum at around 350 nm. As a source of visible light the fluorescence
lamps were used (4 x 18 W), which emit light in the visible region
with intensity of 715W/m? and insignificant amount of UV with
intensity of 0.22 W/m?2.

3. Results
3.1. XRD measurements
XRD patterns of the original TiO, precursor and Fe-C-TiO, sam-

ples prepared by heating at different temperatures are shown in
Fig. 2. After heating at 500 °C anatase phase in Fe-C-TiO, has been
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Fig. 1. The chemical structure of dyes, (a) Acid Red, (b) Reactive Black, and (c) Methylene Blue.

better crystallised, a small amount of rutile remained, and Fe304
with Fe, 03 (hematite), as the new phases were formed. At higher
temperatures of heat-treatment, 600-800°C, these phases were
presentin all the prepared samples, additionally anatase was trans-
formed to rutile and FeTiO3 phase appeared.

3.2. Méssbauer spectroscopy measurements

The Mossbauer spectra of the Fe-C-TiO, samples are shown in
Fig. 3. The spectra represent the superposition of one or two dou-
blets and one or three sextets. The Mdssbauer parameters obtained
from the numerical analysis are summarized in Table 1. Doublet
I was attributed to the Fe(Ill) species probably ferric oxide Fe;03
but in a paramagnetic form. The value of quadrupole splitting QS
of this doublet, higher for samples A500 and A600 than usually
expected for paramagnetic Fe;03 (QS=0.60-0.70 mm/s) may sug-
gest the presence of this phase on the sample surface where the iron
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Fig. 2. XRD patterns of TiO, and prepared Fe-C-TiO, samples.

ions have strongly disturbed symmetry. The parameters of Dou-
blet II are characteristic for FeTiO3 phase (ilmenite) which content
depends on the temperature of heat treatment during the catalyst
preparation. The higher temperature was applied, the higher con-
tent of this iron phase was observed. It is worthwhile to note that
ilmenite was not found in the sample prepared at 500°C.

Sextets I and II were assigned to magnetite and sextet IIl — to
hematite. The latter phase dominated in sample prepared at 600 °C.
The magnetic field of this hematite lower than the value of H=51.5T
characteristic for bulk, well-crystallized material, suggested poor
crystalline and small crystallites.

3.3. Content of carbon

It has been measured by TG-FTIR method that Fe-C-TiO, samples
contained a residue carbon, which came from the carbonization of
oxalate. In Table 2, the content of carbon and the conditions of heat
treatment are listed. The highest content of carbon, 1.82 wt% was
found in the sample prepared at 500°C, the other samples con-
tained less than 1wt% of carbon. Lower content of carbon in the
samples prepared at higher temperatures could be effected by a
carbon oxidation through TiO; and its evolving during gas flow.
Sample prepared at 600 °C has lower content of carbon than these
prepared at 700 and 800°C. It is suggested that more oxidative
conditions at 600 °C conducted to carbon combustion, additionally
can be noticed that these conditions resulted also in iron oxida-
tion to Fe, 05 (this phase of iron was dominated only in the sample
prepared at 600°C).

3.4. Zeta potential

The values of measured the electrokinetic zeta potentials of
the photocatalysts particles in the ultra pure water are listed in
Table 2. Modification of TiO, caused reducing of zeta potential of
anatase particles from +12.4 to —7 mV. Zeta potential of dyes used
for decomposition are presented in Table 3. RB and AR are rather
stable particles in the aqueous solution and have low values of
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Fig. 3. Mossbauer spectra of the Fe-C-TiO, samples.

zeta potential, —46.8 and —37.9 mV, respectively, whereas MB par-
ticles are positively charged in the aqueous medium and their zeta
potential is +4.3 mV.

3.5. FTIR measurements

FTIR spectra of the TiO, precursor and prepared Fe-C-TiO, sam-
ples are presented in Fig. 4. In the original TiO, some weakly marked
bands could be observed: at the range of 3600-2600cm~! the
broad band with a maximum at around 3300cm~! assigned for
both, dissociated and molecularly adsorbed water, at 3695 cm™!
the band assigned to the hydroxyl groups chemisorbed on the sur-
face defect side of the photocatalyst, and at 1623 cm~! the band
attributed to the molecular water [24]. In the modified samples

these bands have been reduced or completely disappeared due to
the deposition of carbon. The sample prepared at 600 °C, which con-
tained the lowest content of carbon showed the lowest reduction of
hydroxyl groups, although at the same time some C=C groups were
clearly observed. It is assumed that carbon deposition takes place
on the site of hydroxyl groups. Reduction of hydroxyl groups on the
surface of Fe-C-TiO, samples is a result of changes in the nature of
photocatalyst surface from hydrophilic to hydrophobic.

3.6. OH radicals measurements

In Fig. 5, the formation of OH radicals on the photocatalyst
surface during UV irradiation is presented. The increase of OH rad-
icals formation with time of UV irradiation can be observed. The
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Table 1
Mossbauer data for the Fe-C-TiO, samples prepared from anatase and rutile precursors
Mossbauer parameters Sample
A500 A600 A700 A800
Doublet I paramagnetic iron Fe(III) IS (mm/s) 0.37 (1) 0.38(3) 0.30(3) 0.31(2)
QS (mm/s) 0.86 (1) 0.84 (4) 0.40 (3) 0.57 (3)
A(%) 13.1(3) 132+£12 5.5(5) 13.5+£1.0
Doublet II ilmenite (FeTiO3) IS (mm/s) - 1.01 (1) 1.05 (1) 1.06 (1)
QS (mm/s) = 0.69 (2) 0.63 (1) 0.62 (1)
A(%) = 8.2(8) 421 (6) 62.1(8)
Sextet | magnetite Fe30,4 site A IS (mm/s) 0.27 (1) - 0.28 (1) 0.24 (3)
H (kOe) 4963 (5) = 495.0 (8) 491 (2)
A(%) 13.7+£45 = 11.5+12 54412
Sextet Il magnetite Fe3O4 site B IS (mm/s) 0.68 (1) - 0.65 (1) 0.56 (5)
H (kOe) 463.3 (2) - 461.6(6) 461(4)
A(%) 31.4(8) = 23.0+13 10.8+2.5
Sextet Il hematite Fe, O3 IS (mm/s) 0.33(1) 0.33(1) 0.33(1) 0.35(4)
QS (mm/s) 0.02 (1) 0.06 (2) 0.02 (1) 0.02 (1)
H (kOe) 503 (1) 506.9 (3) 504 (1) 510 (4)
A (%) 41.8+4.5 78.5+4.3 179+ 19 81+34

IS - isomer shift versus room temperature o-Fe, QS - quadrupole splitting, A - relative contribution to the total spectrum, H - magnetic field.

Table 2

Zeta potentials of photocatalysts and carbon content in the prepared Fe-C-TiO,
samples

Sample HTT (°C) Zeta potential, £ (mV) Carbon content (wWt%)
TiO,-A - 124 -

A500 500 2.3 1.82

A600 600 34 0.23

A700 700 33 0.70

A800 800 -7 0.38

Table 3

The chemical structures and zeta potentials of dyes

Dye Molecular weight (g/mol) Zeta potential, & (mV)
Acid Red 604.5 -39.7
Reactive Black 991.8 —46.8
Methylene Blue 319.9 +4.3

Fe-C-TiO, samples showed lower amount of OH radicals formation
than the original TiO,. Deposition of carbon on the site of hydroxyl
groups could cause decreasing the yield of OH radicals formation,
which are mainly generated by the reaction of photoinduced holes
in semiconductor with the adsorbed molecular water on its surface.

2.5
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Fig. 4. FTIR spectra of TiO, and prepared Fe-C-TiO, samples.
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The higher deposition of carbon in Fe-C-TiO, samples the lower rate
of OH radicals formation is observed with time of UV irradiation.

After addition of H,0, to the reaction solutions, Fe-C-TiO,
photocatalysts indicated significant increase of the OH radicals
formation, what was certainly caused by an iron oxidation in photo-
Fenton reaction. The differences in the amount of OH radicals
formation upon the UV irradiation on Fe-C-TiO, samples in the
presence of H,0, were caused by the different activity of the iron
phases. Fe-C-TiO, samples, which showed higher rate of OHradicals
formation than the other samples consisted from higher amount of
magnetite.

3.7. Adsorption and decomposition of dyes under UV irradiation

Decomposition of AR on TiO, and Fe-C-TiO, samples under UV
irradiation only and under UV with addition of H,O, is shown in
Fig. 6. The anatase type TiO, indicated higher adsorption of AR
on its surface than prepared Fe-C-TiO, samples and also higher
rate of AR decomposition. TiO, itself decomposed AR in 98% after
30 min adsorption and 210 min of UV irradiation, whereas Fe-C-
TiO, prepared at 600°C decomposed AR at the same time in 92%.
The other samples showed much slower decomposition rate than
the original TiO,. Addition of H,0; to the reaction mixture acceler-
ated AR decomposition on all Fe-C-TiO, samples. The highest rate
of reaction was observed on A500 sample which revealed nonlin-
ear character of decomposition. Similar tendency, but with lower
reaction rate, can be seen for A700 and A600 samples. The decom-
position of AR on A800 seems to be linear and much slower. The
Total Organic Carbon (TOC) measured before and after decolouriza-
tion showed mineralisation degree in the range of 42-50%, so some
byproducts of AR degradation remained in the solution.
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Fig. 7. Reactive Black decomposition on TiO, and prepared Fe-C-TiO, samples, (a)
under UV radiation, (b) under UV radiation with addition of H,0,.

Decomposition of RB on TiO, and Fe-C-TiO, is shown in
Fig. 7. Similar behaviour of RB adsorption and decomposition was
observed as it was in case of AR solution, anatase type TiO, exhib-
ited high adsorption of RB and high degree of decomposition under
UV irradiation, however, this decomposition rate was much slower
than on Fe-C-TiO, when H,0, was added to the RB solution. A500
and A700 samples decomposed RB under UV with H,0, within
60min of UV irradiation whereas with TiO, photocatalyst this
process took place 180 min. Hydrogen peroxide itself was not effi-
cient for RB decomposition, only 20% of dye was decomposed after
210 min of UV irradiation.

Decomposition of MB on TiO, and Fe-C-TiO,; is shown in Fig. 8. It
can be observed that MB is poorly adsorbed on all the tested pho-
tocatalysts, and its decomposition under UV irradiation is going
slowly. Anatase type TiO, appeared to be the most active in com-
parison with prepared Fe-C-TiO, photocatalysts. Addition of H,0,
to the MB solution caused significant acceleration of MB decompo-
sition on Fe-C-TiO, samples, however, this decomposition rate was
much slower than in case of azo dyes decomposition: AR and RB.
Hydrogen peroxide was also not efficient in MB decomposition.

To summarise decomposition of dyes on TiO, and Fe-TiO, pho-
tocatalysts it has to be pointed out that photo-Fenton reaction
occurring on Fe-C-TiO, samples gives high amount of OH radi-
cals formation and significantly accelerates decomposition of dyes,
especially azo dyes: AR and RB. A500 sample was the most active
in dyes decomposition, however, A700 sample prepared at 700°C
showed also high photoactivity, especially for RB decomposition.
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Adsorption of dyes on the photocatalysts surface supports their
decomposition under UV irradiation, however, high quantity of
generated OH radicals is the most effective factor in the miner-
alisation of dyes. AR and RB are going decomposition through
OH radicals much easier than MB. Both azo dyes are anionic
in the aqueous solutions, and they favored adsorb on the pos-
itively charged surface, therefore high adsorption of AR and RB
was observed on unmodified TiO,, which influenced its high pho-
toactivity. These results are consent with those reported by other
authors, who proved that adsorption of RB 5 was favored on the
positively charged surface [25]. MB with positive zeta potential was
not quantatively adsorbed either on TiO, or Fe-C-TiO, photocata-
lysts, therefore, was decomposed slower than the other azo dyes.
Improving decomposition of MB through increasing its adsorption
on the photocatalyst surface, especially on carbon/TiO, was widely
reported in the literature [26,27].

In case of azo dyes, AR and RB the dual hole-radical mechanism
of decomposition probably occurs, because high adsorption of these
dyes on the surface of TiO, resulted in their high decomposition
rate, higher than on the prepared Fe-C-TiO, photocatalysts, how-
ever, significant increase of OH radicals formation on the prepared
samples in the presence of H,0, resulted in high acceleration of
dyes decompositions.

The dual mechanism of RB 5 decomposition on different semi-
conductors was described by Poulios and Tsachpinis [28], according

to this mechanism direct h* oxidation of the ethyl-sulfuric and sul-
furic groups take place in combination with the OH attack of the
benzene and naphthalene rings. Positively charged TiO, offers a
suitable surface for adsorption of RB5 from the ethylsulfonic group.
This bond has a relatively high covalent character, and the oxygen
atoms of the group, being relatively strong electron donors, are able
to directly interact with valence band holes, thus facilitating direct
electron transfer. The increased distance between the reactants no
longer allows direct charge transfer, resulting in the reduction of
the reaction state [28]. The reductive pathway has also been pro-
posed by several authors for the degradation of azo dyes [29,30].
According to this model, transfer of a photogenerated electron from
the conduction band of TiO, to the dye molecule takes place, thus
leading to the reduction of the azo linkage and consequently to the
decolourisation of the solution, the OH radicals attack also occurs.

The radical mechanism of AR decomposition via photo-Fenton
process was also reported in the literature [31], which was
explained due to the Fe3* photocatalyzed reactions, i.e. photol-
ysis of hydroxide complexes of Fe3* yielding hydroxyl radicals
and regenerating Fe2* and photochemical reactions of complexes
formed between Fe3* and the organic substrate or its degrada-
tion intermediates, especially organic acids. High efficiency of
AR decomposition was observed in the presence of ferrioxalate,
because of its high molar absorption coefficient for longer wave-
lengths and generation of hydroxyl radicals with a high quantum
yield [31].

3.8. Adsorption and decomposition of Reactive Black in a dark
Fenton and photo-assisted Fenton processes

Comparison of Fenton and photo assisted Fenton processes was
done by testing decomposition of RB on the Fe-C-TiO, sample pre-
pared at 700 °C. Detection of OH radicals in formed dark Fenton and
photo supported Fenton processes was performed. In Fig. 9, decom-
position of RB under UV, vis and in a dark on TiO, and A700 samples
is shown together with generation of OH radicals in these processes.
It can be observed low decomposition rate of RB with H,0, used
under UV irradiation. It was reported in the literature that amount
of OH generated directly by the photolysis of H,O, under UV-A
is very small [32]. H,0, does not absorb at all the light with the
wavelength above ~320 nm. Almost no decomposition of dye was
observed in a dark Fenton process, the measured amount of OH
radicals formation in this process was also insignificant in compar-
ison with vis or UV irradiation. Fe-C-TiO, photocatalyst prepared
at 700 °C showed photoactivity in photo-Fenton process under vis-
ible light irradiation, its photoactivity was comparable with that of
TiO, irradiated with UV light, however, lower than in case when
UV was applied. The other researchers investigated decomposition
of RB 5 (RB5) on the alumina supported iron oxide composites and
they reported that the presence of UV-A light effectively promotes
mineralisation of RB 5 [32]. They also pointed out that positively
charged surface of photocatalyst favors the adsorption of anionic
azo dye RB 5 [32]. TiO, particles were more positively charged
than the other prepared Fe-C-TiO, samples, what could explain the
result of high adsorption of RB on their surface, which undoubtedly
supported their activity towards dye decomposition.

Poor efficiency of dark Fenton can be explain by the insignifi-
cant amount of OH radicals formation and oxidation of Fe3* ions
to Fe(HO,)?*, yielding in HOO® radicals reaction (3) and (4) which
cannot effectively mineralise RB5:

Fe3* + H,0, — Fe(HO,)?* (3)

Fe(HO,)** — Fe?* +HO,* (4)
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Fig.9. (a) Decomposition of Reactive Black on TiO, and A700 samples in Fenton and
photo-Fenton processes (in dark, under UV and visible lights), and (b) formation of
OH radicals in these processes.

OHe radicals can be quantitatively produced in the presence of
light, according to reaction (5):

Fe(HO,)** + hv — Fe?* + HO® (5)

Fe(HO,)?* ion absorbs light at wavelengths up to about 410 nm,
therefore producing of HO® radicals in reaction (5) is possible under
both, UV and visible lights, however, with UV light this reaction is
more efficient. The above considerations can explain the photocat-
alytic activity of A700 sample under UV, vis, and in a dark Fenton
processes.

4. Conclusions

Modification of TiO, by the carbon and iron changed the nature
of photocatalyst from hydrophilic to hydrophobic and therefore
decrease of OH radicals formation on the surface of prepared pho-
tocatalysts was observed. However, formation of OH radicals on
Fe-C-TiO, surface under UV increased extensively after addition of
H,0,, due to the iron oxidation and the photo-Fenton reactions
occurring. Fenton process without any light was not effective for
dye degradation. Both, UV and visible lights supported the yield of
Fenton reactions, however, the former was more efficient, because
resulted in higher quantum yield of hydroxyl radicals than the
latter. These hydroxyl radicals took part in the dyes decomposi-

tions. The dual hole-radical mechanism for dyes decomposition
was observed. According to this mechanism, the direct oxidation of
holes with adsorbed molecules of dyes occurs in combination with
OH radicals attack. The azo dyes, AR and RB of anionic character
in the aqueous solutions were adsorbed on the positively charged
surface of the photocatalysts in higher quantity than MB, which
has positive zeta potential in the solution, and therefore they pro-
ceeded degradation much faster than MB. The photolysis of H,0,
under applied UV irradiation was insignificant and did not promote
the dyes decomposition.

In general, Fe-C-TiO, samples, which contained higher amount
of a residue carbon(A500 and A700) showed higher amount of OH
radicals formation under UV with H,O, than the original TiO, and
those with low content of carbon. The samples with higher content
of a residue carbon had some iron phases like Fe30,4 or Fe;O3 on
their surface, which were not built in TiO, lattice. It was observed
that the presence of paramagnetic iron and Fe304 can enhance the
photocatalytic activity of Fe-C-TiO, photocatalysts in photo-Fenton
process with applied UV and H,0,, whereas FeTiO3 phase is poorly
active. Therefore, lower temperature of Fe-C-TiO, preparation like
500°C is more favored for preparation of photocatalysts active in
photo-Fenton process.
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