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KEYWORDS Abstract FeOCI has gained popularity as a heterogeneous catalyst for pollutant removal in the
Iron Oxychloride; Fenton process. However, humidification and adsorption of FeOCI are usually not considered in
Fenton; the process. In this way, the adsorption and Fenton activity using rhodamine B (RhB, cationic com-
Photo-Fenton; pound) and bromocresol green (BCG, anionic compound) as pollutants models, at various pH were
Photocatalysis; studied (2, 3.6, 7, and 10). These studies show a very low adsorption level for RhB only at pH 10;
Adsorption; therefore, the removal was due to the Fenton reaction. For BCG, at pH 10 the adsorption is almost
Tonic charge zero, and at pH 7 after 240 min the adsorption was almost complete, at pH 7, the dye removal by

adsorption is akin to Fenton, therefore, at this pH, the remotion was entirely attributed to adsorp-
tion. The solution’s removal is the result of the adsorption and Fenton reaction. Additionally, the
photocatalytic and photo-Fenton activity of FeOCI was studied by the removal of RhB from a solu-
tion at pH 3.6, removing about 84 and 95% of the dye respectively. Under these circumstances,
FeOCl is a potential catalyst that could be used for Fenton, photo-Fenton, and photocatalysis.
However, the present paper’s experimental data shows that its activity depends largely on the per-
centage of humidity in the catalyst and the ionic charge of the contaminant that will be treated by
the catalyst once it has been activated by water vapor. Characterization essays, such as XRD, show
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a match for the synthesized FeOCl and FT-IR shows a peak change in the -OH groups range. This
could be a possible explanation for the apparition of free radicals.

© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Environmental pollution caused by the release of toxic compounds
into water is an important issue nowadays and it is necessary to use
synthesis methods that are cost-effective and do not involve the use
of a lot of energy, as well as the use of precursors that are easy and
inexpensive to obtain. Organic dyes are highly used by the textile,
paper, leather, ink, ceramic, and cosmetic industry, they have the char-
acteristic of being highly soluble and are discharged into freshwater.
Due to their complicated structure, natural processes do not easily
degrade them. Among the various methods for removing contami-
nants, are advanced oxidation processes (AOPs) which have shown
great potential for degrading contaminants into small organic mole-
cules, and mineralization into inorganic compounds, CO,, and water.
AOPs include cavitation, photolysis, photochemical reactions, photo-
catalysis, and Fenton and photo-Fenton reactions; the hydroxyl radi-
cal (*OH) is a strong oxidant and one of the most efficient specie which
is typically responsible for the AOPs. Fenton oxidation is the most
popular process because of its wide application range, strong anti-
interference ability, simple operation, and rapid degradation (Hui
Zhang et al., 2019; Kamble et al., 2023; Sarvalkar et al., 2021;
Kamble and Ling, 2020). Conventional Fenton produces *OH from
H,0, through the redox cycle of dissolved Fe(II)/Fe(III) species, how-
ever, it presents many challenges such as high chemical consumption,
narrow pH working range, and significant production of iron oxyhy-
droxide sludge. Heterogeneous catalysis can overcome these limita-
tions and also take advantage of an active surface to accelerate the
formation of *OH (Thomas et al., 2021; Zhu et al., 2019).

*OH can also be generated from water using photocatalysts; the
catalyst adsorbs a suitable wavelength light and an electron from the
valence band is promoted to the conduction band forming electron-
hole pairs, which migrate to the surface. The holes react with water
producing *OH as electrons react with dissolved O, in order to produce
superoxide radical anions (O®") which can react with water producing
more *OH (Zhu et al., 2019; Som et al., 2020). Different from TiO,, the
most common photocatalyst that uses UV radiation and also has the
inconvenience of a large band gap (3.2 eV); iron hydroxides can work
under solar radiation with subsequent reduction of operating costs
(Hamd and Dutta, 2020). The photo-assisted Fenton process (photo-
Fenton) has received great attention for removing emerging contami-
nants; the electrons generated by interaction with light, increase the
Fe** JFe®" cycle rate in the Fenton process and promote the decompo-
sition of H,O, producing *OH, enhancing the catalytic degradation
efficiency (Kamble et al., 2023; Li et al., 2022).

Iron oxychloride (FeOCl) is a heterogeneous catalyst that has
shown excellent performance in the degradation of organic pollutants
present in water at wide pH ranges and nowadays attempts have been
made to support it into a membrane to avoid the costs for its reuse
when the Fenton heterogeneous process has finished (Zhang et al.,
2021). It is a layered material with strong in-plane chemical bonds with
weak out-of-plane Van der Waals bonds between the layers; FeOCl is
used as a host material of intercalation compounds because of its weak
interaction between the layers (Zhang et al., 2016). The coordination
bonds of Fe on the surface are the reactive centers where the H,O,
is linked. The coordination of electrophilic CI" and O is likely to
increase the reduction potential of the exposed Fe, resulting in a more
efficient single electron transfer from H,O, (during the Fe(III) to Fe
(IT) reduction step) Figure SI; as well as, a homolytic cleavage of
H,O; (Sun et al., 2018; Chen et al., 2021).

In most Fenton degradation studies using FeOCI reported in the
literature, the catalyst is added to the solution containing the com-
pound in order to degrade it and several minutes must pass so it can
be adsorbed on the catalyst before H,O, is added (Sun et al., 2018;
Yang et al., 2013). The degradation degree is calculated from the con-
centration of analyte in the solution compared to the initial one which
could be due to the adsorption or degradation by free radicals. The
adsorption of the analyte will depend on its electrical charge and that
of FeOCl at a given pH. Therefore, the pH and the adsorption must be
considered as unequivocal elucidation of the reaction on heteroge-
neous Fenton catalysis, as cited by Cheng. et al (Chen et al., 2021)
show for the first time, that FeOCl has an adsorption mechanism
and does not just degrade contaminants for their removal (Hamd
and Dutta, 2020).

In this work, FeOCl was synthesized, humidified, and then used for
studies in adsorption and Fenton reaction at various pH by using Rho-
damine B (RhB) and Bromocresol green (BCG) as cationic and anionic
model substrates. The degradation of RhB was also studied under pho-
tochemical and photo-Fenton conditions.

2. Materials and methods

2.1. Reagents

Chemicals such as Rhodamine B, Bromocresol, Iron (III) chlo-
ride hexahydrate, hydrogen peroxide (30%) HNO; and
NaOH were purchased from Merck® (Darmstadt, Germany).

2.2. Synthesis and characterization of iron oxychloride ( FeOCl)

FeOCl catalyst was synthesized according to the thermal
method reported by Sun et al. (Sun et al., 2018). First, the pre-
cursor FeCl3-6H,0 was powdered and sieved with a 425 um
mesh size to obtain the most possible homogeneous particle
size, then 3 g of sample powder was heated in a porcelain cru-
cible at 220 °C with a heating rate of 10 °C. min~'. The solid
product was cleaned and shaken for 10 min and the solid was
separated by centrifugation and filtered; this cycle was
repeated 3 times with water and one more with ethanol. Then,
the obtained catalyst was dried in an oven at 60 °C for 5 min
(Figure S2). The catalyst was humidified by introducing FeOCl
into a closed chamber saturated with water vapor for 24 h. The
beaker was placed on a hot plate and kept at 55 °C for over 2 h
and then at room temperature for 24 h. The water adsorbed by
the catalyst on the humectation was determined by the weight
loss at 106 °C using the Mettler Toledo HE73 moisture.

The XRD diffraction spectra of the FeOCl was obtained
using a Miniflex 600-Rigaku X-ray diffractometer. FTIR spec-
tra of the dry and humidified FeOCl (as pellets with KBr) were
obtained using a Nicolet Summit OA- Thermo Scientific using
KBr pellets. Zeta potentials were measured using a Zetasizer
(Malvern), 30 mg of the humidified FeOCI was suspended in
water and sonicated with a probe sonicator for 30 min after
cooling, and another 30 min sonication was applied; then,
pHs were adjusted using NaOH 0.05 N or HNO3 0.05 N.
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The pKa was measured by the potentiometric titration
method, 30 mg of humidified FeOCl was suspended in 100 mL
of water, an initial pH was measured with a Jenway ™ pH meter
(Model 3510), then 280 uL of HNO3 1 N was added considering
the molarity of the sample (first point of the potentiometric titra-
tion). The titration then started adding the NaOH 0.05 N grad-
ually until reaching pH 10 approximately. The pKa of RhB and
BCG were determined by the same method using, 100 mL of
0.0104 mM and 0.0573 mM respectively. 20 pL and 10 pL of
HNO;1 N was added at each dye at the first point of the titration
to cover a wide range of pH.

For the adsorption and degradation studies, the concentra-
tion of the dye in the solution was measured using a UV-vis
spectrophotometer ThermoScientifc™ (GENESYS 50).

2.3. Dye adsorption studies

100 mL of the dye (RhB 0.0104 mM or BCG 0.0573 mM) was
introduced into conical flask and the pH adjusted using NaOH
(0.05 N) or HNO; (0.05 N), then, 30 mg of the humidified
FeOCl was added; the flask was protected from the light by
wrapping with aluminum foil and placed in an orbital shaker
which was also protected from the light and samples were
obtained each 10 min until reach 90 min, then each 30 min
until 4 h. The temperature was kept constant at 25 °C during
the experiments.

2.4. Fenton reactions

The reaction was carried out in the dark using the same condi-
tions as in the adsorption studies. 100 mL of the dye (RhB
0.0104 mM or BCG mM 0.0573) was introduced into a conical
flask, then H,O, (150 pL with a concentration of 88.24 mM)
was added, and the pH adjusted as above. Time zero was taken
when 30 mg of the humidified FeOCl was introduced into the
solution. At the same time intervals for adsorptions, aliquots
were withdrawn and placed in a 5 mL Eppendorf centrifuge tube
(measured by weight) which contained 0.5 g of scavengers to stop
the generation of hydroxyl radicals (phosphate buffer pH 7.0 for
RhB, or 0.5 mL of ethanol at 96 % for BCG). Finally, all sam-
ples were centrifuged at 10 000 RPM for 12 min for the separa-
tion of possible catalyst suspended in the sample.

2.5. Photo-Fenton reactions

The procedure was similar as Fenton, but using a solar simu-
lator (SciSun-300, SCIENCETECH). The samples were placed

in a 5.5 cm diameter beaker and at 25 cm of the light-emitting
plate.

2.6. Photocatalytic reactions

The procedure was alike the Photo-Fenton, but without the
addition of H,O,.
The degradation % for all the tests was calculated by Eq

(1):
) A;
% degradation = lfA— x 100% (1)
0
Where: A, = absorbance at time ‘t" and A, = initial
absorbance.

3. Results and discussion

3.1. Characterization and activation of synthesized FeOClI

Fig. 1 shows the XRD diffraction peaks of the synthesized
FeOCl (red line) and the one obtained from the library data
of the equipment (Software PDXL2). It can be observed that
peak patterns match very well with the standard diffraction
pattern indicating that FeOCl was successfully prepared.

Several batches of FeOCl were synthesized, however, under
the same conditions, the Fenton properties of both dyes were
not reproducible, even using FeOCl from the same batch at
different days. The synthesis and degradation studies were car-
ried out in Arequipa, Peru which is located at 2300 m above
the sea level and has low annual average humidity of around
45%. The degree of hydration of hydrophilic materials before
their utilization could be important to improve their proper-
ties, as previously reported for hydrophilic carbon molecular
sieves membranes for gas separation by Pacheco Tanaka et.
al. (Nordio et al., 2020). As, FeOCl is a layered hydrophilic
material, water can be loaded between the layers; at low ambi-
ent humidity, the layers are stacked together decreasing the
active surface area.

Both adsorbed water and humidification increase with time
as is shown in Table S2; after 24 h, the adsorption was con-
stant. Therefore, with a gentle hydration, water intercalates
increasing the active area and allowing water molecules to
bonded directly to Fe ion which intervene in the catalytic reac-
tion (Figure ST). Fig. 2 shows the FT-IR spectra of the catalyst
before (dry) and after exposition to humidity. The main differ-
ence is observed in the humidified FeOCl in the region of
500 cm™! assigned to the Fe-O vibration of the catalyst
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Fig. 1

XRD of FeOClL.
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Fig. 2 FT-IR of FeOCl dry and humidified.

(Chen et al., 2021) which is responsible for the bond and free
radicals formation from H,0,. The order parameter of the
molecular orientation of water bonded to FeOCI will change
with the pH since it will change the charge of the surface
and the water rearrangement will change. It is expected that
similar effect will occur with the refractive index and will affect
the obtention of the complex refractive index from infrared
reflectance spectroscopy.

The main disadvantage of the homogenous Fenton process
is that the optimum pH value is between 2.8 and 3.5. At a
pH < 2.8 in the heterogenous Fenton, the catalytic reaction
occurs at the active site on the surface of the solid catalyst pre-
venting the Fe ions from leaching, extending the working pH
range, reducing the Fe sludge production and allowing the
reuse of the catalyst (Hamd and Dutta, 2020). However, the
*OH production efficiency in the heterogenous system is infe-
rior to its homogeneous counterpart due to mass transfer lim-
itations and a reduced active surface area. Since the *OH
lifetime in water is extremely short (< 10 ps), its concentration

2- FeOCl

03 04 0.5 0.6

mEq added

0.2

in the bulk solution is much lower than the one on the surface
of the catalyst where *OH is produced (Zhang et al., 2020;
Zhang et al., 2017; Duan et al., 2015). Heterogeneous reaction
processes include interfacial H,O, decomposition, possible
active metal dissolution and organic adsorption (He et al.,
2016). As FeOCl is a layered material with strong in-plane
chemical bonds with weak out-of-plane Van der Waals bonds
between the layers. The possibility of Fe dissolution is small,
but it can be delaminated and released to the solution.

3.2. Zeta potential and pKa of FeOCl

The adsorption of organic compounds will be influenced by
FeOCl surface’s charge, which will depend on the pH. The zeta
potential is related to the charge that develops at the interface
between a solid surface and its liquid medium. The zeta poten-
tial of FeOCl with respect to the pH is shown in Fig. 3, the
Zeta potential point zero charge (pHp,) is around 5.8. This
result shows that pH values below 5.8 FeOCl will present a
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=' 80 4 0 l/o
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Fig. 3  Zeta potential of humidified FeOClI in the function of pH.
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positive charge on its surface, and above 5.8 pH values, the
charge will be negative and the electrostatic attraction between
FeOCI and the cationic state of the dyes will be promoted.

The pKa of FeOCl was obtained by the potentiometric
titration method; the pH of the bulk solution with respect to
mEq of NaOH added is presented in Fig. 4a. The equivalent
point is not exact (see first derivative plot Figure S3) because
all the Fe ions in it are not equivalent, and the laminates could
have different sizes. The maximum point in the first derivative
was used to calculate the pKa resulting in a value of 2.8. The
proportion of protonated and deprotonated forms with respect
to the pH of FeOCl is illustrated in Fig. 4b. It can be observed
that it is related to the zeta potential graph (Fig. 3). The opti-
mum pH for Fenton is the same as the pKa value for FeOCl
(2.8); probably the H,O, cannot replace the protonated water
that is coordinating the Fe ion and the existence of the proto-
nated form of H,0, (H505).

3.3. Adsorption of RhB and BCG on FeOCI at different pH

To distinguish if the removal of the dyes from the solution is
due to decomposition or the adsorption on the FeOCl surface,
the adsorption of a cationic (Rhodamine B (RhB)) and an
anionic (Bromocresol green (BCG)) were used as model com-
pounds. The pKa of RhB and BCG were also experimentally
determined by potentiometric titration (not reported here).
The values found were 4.23, 4.79, respectively. These are close
to those reported in the literature (Rather et al., 2022; Lamari
et al., 2021). The structures of RhB and BCG are shown in Fig-
ure S4, and the species concentration calculated from the pKa
is listed in Table T1 and shown in Figure S5. At pH 2, most
RhB and FeOCI have been protonated (99.4 and 86.3 %,
respectively). therefore, both species repel each other, prevent-
ing adsorption. At pH 3.6, 86.3% of FeOCl is charge-less and
81 % of RhB is positively charged, which means that some
adsorption, due to ion—dipole interaction, is expected. Analo-
gously, at pH 7 almost 100 % of FeOCl and RhB are in their
neutral form. At pH 10, it is estimated that water coordinated
to Fe can be deprotonated (forming a negative charge specie)
and interacts with RhB’s positive iminium group, so the high-
est adsorption is observed at this pH. Anyway, the adsorption
of RhB is very small in the pH range studied.

As BCG is concerned, the adsorption is much higher than
RhB except pH 10 where no adsorption occurs because both
FeOCl and BCG (-2) are negatively charged. From all pH

b)

0.8
06 1
041

0.2 +

Fraction of BCG in solution

0 50 100 150 200 250
Time [min]

a) potentiometric titration of FeOCI and b) Proportion of the protonated and deprotonated species concerning the pH.

ranges studied, BCG is in the anionic form, at pH < 6 the
two negatively charges species are present (ZTable S1). By
changing the pH from 2 to 7, the percentage of BCG (-2),
and the neutral FeOCl (FeOCI(0)) increases, and also the
adsorption does. At pH 7, almost all dye had been adsorbed
probably because of the complex formation between the Fe
ion with the phenolate group of BCG. As the pH increases,
FeOCI becomes negatively charged; thus, at pH 10, there is
no adsorption.

3.4. Fenton, photofenton, and photocatalysis tests of FeOCl

One main difference between the homogeneous and heteroge-
neous Fenton catalysts is that the latter can be active at several
pH levels. RhB and BCG removal at various pH levels in Fen-
ton conditions are shown in Figure S7; since FeOCl could have
photocatalytic activity, Fenton experiments were carried out
avoiding the presence of light in the reaction. The dye’s
removal from the solution can be due to adsorption from
FeOCl and the degradation produced by the free radicals pro-
duced in the Fenton reaction. Therefore, the fraction of RhB
(Fig. 5a) and BCG (Fig. 5b) removed from the solution by
adsorption and in the Fenton process (adsorption and free-
radical degradation) are shown in Fig. 6 and Fig. 7, respec-
tively. For RhB, at pH 10, the adsorption is akin to Fenton
degradation, probably, the adsorbed RhB on the surface inhi-
bits the interaction between Fe ion and H,O, (therefore the
generation of *OH) (Figure ST). At other pHs, as the adsorp-
tion is very small, all the removals can be attributed to degra-
dation from the Fenton reaction. For all the degradation
kinetics, a pseudo-first-order model was applied since the
H,0, concentration is in a much higher proportion than the
dye. The kinetics for the Fenton degradation of RhB is listed
in Table 1; the reaction kinetics according to pH follows the
3.6 > 2 > 7. By far, the fastest reaction is around pH 3.6
where the non-protonated FeOCI is mostly present, and the
pH is still acidic.

As far as BCG is concerned, there is no adsorption at pH
10, therefore, the BCG removal is due to the Fenton reaction;
yet among all the other pHs, the activity is the lowest, proba-
bly because H,O, cannot easily coordinate with the negatively
charged Fe-O™ groups in FeOCI. At high pH, the degradation
rate decreases significantly because H,O, is more susceptible to
breaking down into H,O and O, rather than forming free rad-
icals. In addition to this, the potential oxidation of *OH at
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Fig. 5 Adsorption rate at pH 2,3.6, 7, and 10 of a) RhB and b) BCG. Conditions: 30 mg of FeOCl, initial concentration 0.0104 mM of

RhB, and 0.0573 mM of BCG.
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Fig. 6 Comparison of the remotion rates for Fenton (adsorption and free-radical degradation). 30 mg of FeOClI, initial concentration of
RhB 0.0104 mM, and 49.0 mM of H,0, and adsorption processes at various pH. a) pH 2, b) pH 3.6, ¢) pH 7 and d) pH 10.

high pH (E°= 1.8 V) is lower than the one in an acidic medium
(E°=2.7/2.38 V) (Hamd and Dutta, 2020). At pH7, the
removal by adsorption is higher than Fenton’s. The adsorption
of BCG inhibits the interaction of H,O, with the Fe ion, there-
fore, *OH is not produced and the removal is mainly due to
adsorption. At pH 3.6, adsorption is moderate, but the Fenton
activity is very high; then the BCG is destroyed before forming

the adsorption layer; and the free radicals are formed. Similar
behavior occurs at pH 2.

The effect of the concentration of H,O, during the time of
degradation of RhB at pH 3.6 was studied and the results are
displayed in Fig. 8. As expected, the degradation decreases
alongside H,O, concentration, however, there is not a clear
pattern between them; probably, at lower concentrations, the
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Table 1 Pseudo first-order rate of the Fenton reaction for the
degradation of RhB at various pHs.

pH
Rate [ min ]

2.0 3.6 7.0 10
7.7 165.8 4.1 1.0

100%

75%

50%

25%

Degradacion RhB [%]

0%

Fig. 8 Percentage of degradation of RhB at various concentra-
tions of H,0,. Conditions: pH 3.6, 30 mg of FeOCl, dye

50 100 150 20C
Time Iminl

concentration: 0.0104 mM of RhB.

reaction does not behave as pseudo-first order, or there are
other intermediate compounds that are not immediately
destroyed.

Since the structure of humidified and dry FeOCI from the
synthesis are not equal (Fig. 3), the percentage of water
adsorbed at various humidification times was determined by
gravimetry, and the results are shown in Table S2. The water
adsorbed increases with time, at 24 h, the gain was constant.
The effect of the humidification time of FeOCl on the Fenton
reaction was studied by the degradation of RhB at pH 3.6

100% - RhB

Degradation [%]
]
S

0 5 1'0 1.5 2'0 2.5 ?;0 3.5 4'0
Time [min]
Fig. 9 Percentage of degradation of RhB by FeOCI humidified

at different times. Conditions: pH 3.6, 30 mg of FeOCl, 0.520 mM
for the initial concentration of RhB, and 49.0 mM of H,O.
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Fig. 10 Degradation of RhB at various concentrations of H,O,.
Conditions: pH 3.6, 30 mg of FeOCl], initial concentration of RhB
0.0104 mM.

(Fig. 9), the highest activity was the one with the sample
humidified for 24 h.

The Fenton activity of both dyes was under the same con-
ditions (pH 3.6, 30 mg of FeOCl, 0.520 mM for the initial con-
centration of RhB and BCG, and 49.0 mM of H,0,)
(Figure S8). The decomposition of BCG is faster than the
one from RhB. This can be due to the higher adsorption of
BCG (Fig. 7) compared to RhB (Fig. 6) at that pH. As a result,
the *OH radicals formed during the Fenton reaction on the
surface of FeOCI can promptly react with RhB. This cationic
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dye has very low interaction with the catalyst, therefore, the
reaction will take place in the bulk solution, and the probabil-
ity of reaction will be lower due to the short life of the free rad-
icals in the media.

The effect of the concentration of H,O, in the reaction
(having all the other parameters constant (25 °C and no light)
was evaluated in the degradation of RhB and BCG (Fig. 10).
As it is expected, the degradation decreases with the concentra-
tion of H,O,, however, there is not a direct correlation
between reaction rate and H,O, concentration (7able S3),
probably, because at lower concentrations, the reaction is
not behaving as pseudo-first order, or because there are other
intermediate compounds that are not immediately destroyed.

It was reported that the optical band gap E, and the VB
potential of FeOCI are 1.85 and 1.95 eV, respectively (Zhang
et al., 2018), thus, this material has the possibility of having
a photocatalytic activity. The photocatalytic degradation of
RhB by FeOCI was studied because it cannot be adsorbed
on the surface of the catalyst, increasing the possibility of
the photon interacting with the valence electrons of FeOCI,
thus, the effect of the solar radiation can be observed more
clearly. The effect of irradiance on the degradation of RhB
regarding time is presented in Figure S9. At 0.178 sun, the
degradation is very slow, when the irradiation was increased
to 0.652, the degradation was increased considerably, it passed
from 8 to 74 % of degradation in only 10 min. Thus, for fur-
ther studies, to have more time to obtain samples, the irradia-
tion was set to 0.276 sun. The photocatalytic degradation of
RhB at 0.276 suns and pH 3.6 is displayed in Fig. 1la and
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Fig. 12 Photo-Fenton degradation of RhB, a) percentage of degradation and b) kinetics degradation concerning time. Conditions: RhB

0.0104 mM, 6.52 mM H-»0,, 0.279 suns of irradiance.
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the pseudo-first-order degradation is in function of time in
Fig. 11b. The kinetics of degradation obtained (k) is
0.03 min~".

As FeOCl has Fenton and Photocatalytic activity, the Photo-
Fenton activity should be the combination of both. The concen-
tration of H,O, and the irradiation were used at a concentration
of 6.52 mM and 0.279 sun respectively (to have enough time for
sampling); the results are shown in Fig. 12.

For RhB, the degradation constant was 0.123 min~', which
is like the Fenton degradation test with 48.97 mM H,O,
(0.166 min~"), however; the dose of the oxidizing agent used
was almost 7 times less. A higher amount of *OH radical is
generated because they are produced from the Fenton reaction
and photocatalysis.

4. Conclusions

FeOCl, a heterogeneous Fenton catalyst was synthesized and charac-
terized by FT-IR, XRD, and Zeta potential, noticing that the catalyst
was properly synthesized and has a potential charge that adsorbs anio-
nic dyes into its surface, this process is also a part of the contaminant
removal by the catalyst. It was noticed that the Fenton activity was not
reproducible even if the same sample were to be used on different days.
This problem was solved by humidifying the sample 24 h before the
catalytic test, showing a two-fold improvement in its degradation
activity. The Fenton activity was studied in the dark using a cationic
(Rhodamine B, RhB) and an anionic (Bromocresol green, BCG) dye
as model compounds. In Fenton studies, the removal of the dye from
the solution could be due to degradation by the Fenton reaction with free
radicals and the adsorption by the heterogeneous catalyst. It was demon-
strated that FeOCI has photocatalytic activity by studying the removal of
RhB from a solution at pH 3.6, the removal increases with the irradiance
of a solar simulator, and the degradation was increased considerably at
photo-Fenton conditions since the amount of H,O, used in Fenton is
reduced. FeOCl is a potential catalyst that could be used by the textile,
paper, leather, cosmetic, and other industries that use dyes as a treatment
before it is discharged into rivers or lakes in a batch form or supported
into a membrane as previously stated. However, a more in-depth study
should be carried out to better understand the changes and activation
of this catalyst under humidification conditions.
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