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Abstract: High- and low-crystalline goethite (a-FeOOH) were obtained via air oxidation of
Fe(OH),. Rhodamine B (RhB) was selected as a model pollutant, and the photocatalytic
activity of the a-FeOOH/oxalate system under light irradiation was evaluated. The crystal
structure, morphology, and specific surface area of the prepared a-FeOOH samples were
determined by X-ray diffraction (XRD), transmission electron microscopy (TEM), and
Brunauer—-Emmett-Teller (BET), respectively. The adsorption behavior of a-FeOOH was
determined using the Langmuir model. The effects of initial pH value, initial concentration of
oxalic acid, and light intensity on RhB photodegradation were investigated in the
a-FeOOH/oxalate suspension. In contrast to high-crystalline a-FeOOH, low-crystalline
a-FeOOH with high specific surface shows higher adsorption and photocatalytic activity
toward RhB photodegradation by a photo-Fenton-like reaction. A possible mechanism for

RhB degradation was also suggested.
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1. Introduction

Dye pollutants produced from industries are becoming a major source of environmental
contamination [1]. Rhodamine B (RhB) is an important dye that is widely used in the textile
industry. Thus, its removal from wastewater is of great importance [2-3]. The Fenton reaction
is known to be a highly effective method for removing dye pollutants for wastewater
treatment [1, 4-5]. Highly reactive hydroxyl radicals (*OH) can form during the Fenton
reaction and degrade organic compounds [6—7]. In the traditional Fenton system, H,O, is a
direct source of *OH [8-9]. When light and organic acids are introduced to the treatment
system, H,O, can be self-produced without further addition of H,O,. Then, *OH can be
generated by a photo-Fenton-like reaction [10-11].

In fact, numerous natural transformation processes in the aquatic environment can also
clear away organic pollutants. Iron oxides (including oxyhydroxides) and oxalic acid, which
coexist in natural aquatic environments, can set up a photo-Fenton-like system under light
irradiation to degrade organic pollutants [12—14]. Iron oxides are extensively found in soils,
lakes, and rivers [1]. Oxalic acid possesses strong chelating ability with multivalent cations
and is mainly exuded by plant roots in the natural environment [15]. Light-irradiated
heterogeneous Fe(Ill)/oxalate systems can also achieve high efficiencies in degrading organic
contaminants [16].

Goethite (a-FeOOH) is the a-form of oxyhydroxide. a-FeOOH, which presents a large

surface area and stable chemical properties, can be used as an adsorbent and catalyst in water
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treatment [17-19]. Hence, the preparation of highly active a-FeOOH is important in modern
environmental chemistry. Previous studies on pollutant photodegradation in the a-FeOOH
system generally involve the use of highly crystalline a-FeOOH as photo-Fenton catalysts
[20-21]. In our previous investigation, both light and the presence of trace amounts of
ethylenediaminetetracetic acid (EDTA) increased reaction rates. Relatively high oxidation
rates favor the formation of the highly active, low-crystalline a-FeOOH phase, which can
transform into a-Fe,Os3 [22-23]. However, the photocatalytic properties of low-crystalline
a-FeOOH require further discussion.

Herein, we prepared high- and low-crystalline a-FeOOH by air oxidation of Fe(OH), at
room temperature. The photodegradation of RhB in the a-FeOOH/oxalate suspension under

light irradiation was investigated in detail.

2. Experimental Section
2.1. Materials

Sodium hydroxide (NaOH), ethylenediaminetetracetic acid(EDTA), sulfuric acid (H2SOs),
hydrochloric acid (HCI), 5,5-dimethyl-1-pyrroline-N-oxide (DMPO) and Rhodamine B (RhB)
were purchased from Tianjin Chemical Reagents Company (the purities are 99%), and were
used as received without further purification. Aqueous ferrous sulfate (FeSO4) solution was
prepared by dissolving iron granule in 20% H,SOj,. Distilled water was used as solvent for
the reactions.
2.2. Preparation of the high- and low-crystalline a-FeOOH samples

The a-FeOOH samples were prepared by air oxidation of Fe(OH), under irradiation by
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visible light in the presence of trace EDTA at pH 8.7. And the high-crystalline and
low-crystalline a-FeOOH samples were obtained in the presence of EDTA (1ImM) by
controlling the light intensities at 0, and 150 lux, respectively, which was reported in our
previous study [22].
2.3 Adsorption experiments

The adsorption experiments of RhB on the a-FeOOH surface were conducted at 20 °C in
the dark. A fixed amount of a-FeOOH (0.1 g) was added to 100 mL of an aqueous RhB
solution with various concentrations, which remained for 6 h in a vibrator unit in the dark
under N, at 20 °C. RhB concentrations were measured after equilibrium by a
spectrophotometer (SP-752, Shanghai) at a wavelength of 554 nm, using a 1 cm quartz cell,
and the amount of RhB adsorbed on the a-FeOOH was calculated based on the mass balance
according to Eq. (1) [24].
2.4 Measurement of photocatalytic activity

The photocatalytic degradation of RhB using high- and low-crystalline a-FeOOH was
carried out as follows. A fixed amount of a-FeOOH (0.1 g) was added to 100 mL of RhB
solution (0.01 mmol/L). The RhB and a-FeOOH were stirred for 60 min in the dark to ensure
adsorption equilibrium. And then, light irradiation was performed by means of high-pressure
Hg-lamp (wavelength range from 200 to 700, the main wavelength was 365 nm) with
different light intensity. The light intensity (E) was detected by a light meter (TES-1336A).
The solution pH was adjusted with diluted solutions of HCI and NaOH. At selected time
intervals, 5 mL aliquots were collected, filtered, and analyzed by the spectrophotometer. All

experimental runs were performed at 20 °C under continuous stirring in the presence of light
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and air. The H,O, concentrations in the filtrates were determined using a H,O, — photometer
at LED 528 nm. The concentrations of Fe(Ill) and Fe(II) in solution were determined by the
1,10-phenanthroline method [25].
2.5 Sample characterizations

X —ray diffraction (XRD) patterns were obtained on a Bruker diffractometer using a Cu
Ka radiation. The crystallinity of samples were determined from the peak area between 2 0 =
21.2 and 36.7° using a highly crystalline a-FeOOH sample (supplied by Tianjin Chemical
Reagents Company) as a reference. X-ray photoelectron spectroscopy (XPS) was performed
in an ion pumped VG Microtech CLAM4 MCD analyser systemusing 200 W
unmonochromated Mg X-ray excitation. Transmission electron microscopy (TEM) images
were obtained by a Hitachi H-7500 transmission electron microscope. The specific surface
area of the iron oxides was determined by multipoint N,-BET analysis using a Quantachrome
(NOV Ae) surface area analyzer. Electron spin resonance (ESR) spectra were obtained using a
Bruker model ESP 300E electron paramagnetic resonance spectrometer equipped with a
quanta-Ray Nd:YAG laser system as the irradiation light source (4 = 355 nm). The settings
were center field, 3480.00 G; microwave frequency, 9.79 GHz; power, 5.05mW. Total
organic carbon (TOC) analysis was carried out by means of a Shimadzu TOC-V CPH total

organic carbon analyzer.

3. Results and Discussion
3.1 Preparation and properties of a-FeOOH samples

Figure 1(A) shows the XRD patterns of the iron oxide prepared by air oxidation of
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Fe(OH); in the presence of EDTA (1mM) with and without light irradiation (light intensities:
a: Olux; b: 150lux). All diffraction peaks could be definitely assigned to the a-FeOOH phase
(JCPDS: 29-0713); this result indicates that the samples are phase-pure a-FeOOH. The
crystallinities of obtained a-FeOOH in the presence of trace EDTA with and without visible
light irradiation were 48.9 % and 7.1 %, respectively. Furthermore, the Fe 2p region in the
XPS spectrum of obtained product in the presence of trace EDTA with visible light
irradiation, was also used to investigate the valence states of Fe ion (Fig.1(B)). The typical
peaks of Fe element at the binding energies of 724.6eV (Fe2p1/2) and 711.0eV (Fe2p3/2) are
found. The energy separation between Fe2pl/2 and Fe2p3/2 is 13.6eV, which is a
characteristic of FeOOH [26]. And a satellite peak of Fe2p3/2 can be seen in about 719.0 eV,
as shown in Fig.1(B). The results also indicate that only Fe’" is present in product [27], which

is also in accord with the result of XRD spectrum.
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Fig.1(A) XRD patterns of samples in the presence of EDTA with and without light irradiation
(light intensities: a: 0 lux; b: 150 lux; G: a-FeOOH); (B) Fe 2p region in the XPS spectrum of

the sample in the presence of EDTA with light irradiation
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TEM images of obtained a-FeOOH samples are shown in Fig.2. Correlating the results
shown in Figs. 1 and 2, we can see that the relatively low-crystalline a-FeOOH (L-a-FeOOH)
and high-crystalline a-FeOOH (H-a-FeOOH) samples are obtained in the presence of trace
EDTA with and without visible light irradiation. The specific surface area (SSA) and total
pore volume (TPV) of L-a-FeOOH and H-a-FeOOH are listed in Table 1. L-a-FeOOH

clearly possesses a higher specific surface area and total pore volume than H-a-FeOOH.

Fig.2 TEM images of samples in the presence of EDTA with and without light irradiation
(light intensities: a: 0 lux; b: 150 lux)

The difference in reaction rates may be the main reason for the variations observed. The
concentration of Fe (II) (solid and liquid) was monitored during the oxidation (15 mL of the
suspension was taken out at different time and dissolved in 20% H,SOj,, determined by the
1,10-phenanthroline method [25]). As shown in Fig. 3, the concentration of Fe(Il) decreases
rapidly in the reaction under visible light irradiation in the presence of trace EDTA (Fig.3c).
The oxidation speed of reaction under visible light irradiation in the presence of trace EDTA

is obviously more rapid than that at short of light irradiation or EDTA systems. During the
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oxidation of Fe(Il), EDTA is chelated with Fe(II), forming Fell-EDTA complexes, which can
absorb light in the visible regions and produce oxidizing species [22-23], leading to the
acceleration of the oxidation rate. The crystal seeds of a-FeOOH are formed too rapidly, and
there are too many to grow in a short time. Consequently, low-crystalline a-FeOOH is

obtained.
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Fig.3 Changes of the Fe (1) concentration with reaction time at different light intensities
with and without EDTA (a: in the presence of EDTA and light intensities (0 lux); b: in the
absence of EDTA and light intensities (150 lux); c: in the presence of EDTA and light
intensities (150 lux))
3.2 Adsorption of RhB II by a-FeOOH samples

The adsorption isotherms of RhB on the prepared H-a-FeOOH and L-a-FeOOH samples
are shown in Fig. 4. These isotherms exhibited best fit with the Langmuir adsorption model,

as shown in Eq. (1) [24, 28].
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C. and [ax (mol/g) are the adsorbed concentration and saturated adsorption capacity,
respectively, and K, (L/mol) is the adsorption equilibrium constant. The / ax and K, values of
RhB on the prepared H-a-FeOOH and L-a-FeOOH samples are listed in Table 1. The [iax
values can be ranked in the order of L-0-FeOOH > H-a-FeOOH, whereas the order of K, can
be ranked as L-a-FeOOH > H-a-FeOOH. In principle, a higher value of physical adsorption
corresponds to a larger specific surface area and lower crystallization. Similarly, a larger K,
value denotes stronger chemical adsorption [29]. Given these considerations, the results
obtained in this study imply that the L-a-FeOOH shows higher physical and chemical

adsorption than that of the H-a-FeOOH.
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Fig.4 Adsorption isotherms of RhB on the H-a-FeOOH(a) and L-a-FeOOH(b)

Tablel Adsorption parameters of RhB by using the H-a-FeOOH and L-o-FeOOH

Samples SSA (m%*/g) TPV (em’.g") T mx X107 (mol/g) K, x10* (L/mol)  R?
H-0-FeOOH 1395 0.17 2.530 2.52 0.9972
L-a-FeOOH 2117 0.22 3.507 2.87 0.9960

3.3 Photocatalytic oxidation of RhB
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3.3.1 Effect of initial pH

Experiments were carried out at different pH values to select an optimum pH for RhB
degradation. In this investigation, the effect of initial pH value on RhB degradation in the
a-FeOOH/oxalate system was studied at initial pH ranging from 2 to 8. Fig. 5 shows the
dependence of RhB degradation on initial pH in the L-a-FeOOH/oxalate system in the
presence of L-a-FeOOH and oxalate (1.0 mM) under light irradiation (1000.0 lux). The
optimal initial pH is approximately 3.0. The a-FeOOH/oxalate system at an initial pH of 3.0

may present a higher concentration of [=F ell[(C,04),] "

, which allows generation of more
*OH [30]. As the pH increases further (pH > 3), [=Felll(C,04),]> " concentrations could
decrease and induce low photoactivity. At a lower initial pH of 2, complexation of

L-0-FeOOH and oxalate is hindered, leading to lower RhB degradation [24]. According to

data in Fig. 5, pH = 3 was selected for subsequent experiments.
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Fig.5 Effect of initial pH on the RhB degradation in the L-a-FeOOH/oxalate system under
light irradiation (a: pH =2; b: pH =3; c: pH =4; d: pH = 6; e: pH = 8)

3.3.2 Effect of initial concentration of oxalic acid
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Fig.6 shows the dependence of RhB photodegradation on the initial concentration of
oxalic acid (Cp) under light irradiation (1000.0 lux) at pH 3. The photodegradation rate of
RhB increases with increasing concentration of oxalic acid from 0.0 mM to 1.0 mM. In the
absence of oxalate, iron oxides act as photocatalysts and can be excited to generate
electron—hole pairs despite the lower rate of RhB degradation [31]. In the presence of oxalate,
iron oxide—oxalate complex forms, and a photo-Fenton-like system is set up. The presence of
iron oxide and oxalate in cooperation has been confirmed to substantially accelerate the
degradation of RhB. However, RhB degradation decreases at oxalic acid concentrations
exceeding 1.0 mM. Excessive oxalate can occupy adsorption sites on the surface of
a-FeOOH, possibly hindering RhB adsorption on the a-FeOOH surface. Thus, not all of the
OH?e radicals are utilized by RhB [24], which leads to decreases in RhB degradation. These
results indicate that the concentration of oxalic acid is a vital factor influencing the
a-FeOOH/oxalate system for RhB degradation. The optimal concentration of oxalic acid in

the a-FeOOH/oxalate system is determined to be 1.0 mM.
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Fig.6 Effect of initial concentration of oxalic acid (Cyp) on the RhB degradation in the
L-a-FeOOH/ oxalate system under light irradiation (a: Cp = 0.0 mM; b: Cp = 0.2 mM; c: Cp =
0.4 mM; d: Cp=0.6 mM; e: Co=0.8 mM; f: Cp=1.0 mM; g: Cyp = 1.2 mM)
3.3.3 Effect of light intensity

Experiments were carried out to investigate the effect of light intensity (E) on RhB
degradation in the L-a-FeOOH/oxalate system using the optimal pH and oxalic acid
concentration. Fig. 7 shows the dependence of RhB photodegradation on light intensity (E) in
the L-a-FeOOH/oxalate system. In this investigation, higher light intensities can lead to
higher degradation rates of RhB during photochemical reaction. However, further increases in
light intensity beyond 1000.0 lux do not result in significant increases in RhB

photodegradation.
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Fig.7 Effect of light intensity on the RhB degradation in the L-a-FeOOH/oxalate system (a:
E= 0.0 lux; b: E=200.0 lux; ¢: E=500.0 lux; d: E=1000.0 lux, e: E=1500.0lux)
The foregoing results indicate that L-a-FeOOH, oxalate, and light at pH 3 provide the

most effective conditions for RhB degradation in the L-a-FeOOH/oxalate system. In our
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study, the effects of initial pH value, initial oxalic acid concentration, and light intensity on
RhB photodegradation in the H-a-FeOOH system present the same change trend as that in
L-a-FeOOH.
3.3.4 Photodegradation of RhB in the a-FeOOH/oxalate suspension

Fig. 8 shows the photodegradation of RhB at pH 3 under light irradiation (1000.0 lux) at
different conditions. Without oxalic acid and with only H-a-FeOOH (Fig. 8a) and
L-a-FeOOH (Fig. 8b), lower degradation of RhB may be seen. In particular, with only
H-a-FeOOH as a photocatalyst, RhB degradation is almost negligible. However, when
systems with 1.0 mM oxalic acid are subjected to the same conditions as in curves a and b,
RhB degradation rates evidently increase under light irradiation. L-a-FeOOH shows higher
catalytic activity toward RhB photodegradation than H-o-FeOOH. The TOC removal
efficiencies of RhB in the H-a-FeOOH and L-a-FeOOH systems in the presence of 1.0 mM
oxalic acid at pH 3 under light irradiation (1000.0 lux) are shown in Fig. 9. The TOC removal
efficiencies of RhB in the H-a-FeOOH/oxalate and L-a-FeOOH/oxalate systems after 120
min are 47.8% and 62.6%, respectively. The results indicate that RhB can effectively undergo

degradation and mineralization during the reaction.
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Fig.8 Photodegradation of RhB under light irradiation at different conditions (a:

H-0-FeOOH; b: L-a-FeOOH ; ¢: H-a-FeOOH/oxalate; d: L-a-FeOOH/oxalate)
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Fig.9 TOC removal efficiency of RhB versus the reaction time in the H-a-FeOOH/oxalate(a)

and L-o-FeOOH/oxalate(b) systems

Absorbance (a.u.)

Fig.10 UV-vis spectral changes of RhB in the L-a-FeOOH/oxalate system
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Fig. 10 shows UV-visible spectral changes during RhB degradation in L-a-FeOOH

with 1.0 mM oxalic acid at pH 3 under light irradiation (1000.0 lux). RhB exhibits a main
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absorption peak at 554 nm and two minor absorption peaks at 255 and 355 nm. The same
absorption spectra of RhB were observed by Yang Y. et al [32]. As irradiation time increases,
the RhB absorption peak decreases to different extents without peak shifting, which suggests
that degradation proceeds through oxidation instead of de-ethylation of the RhB molecule

[33].
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Fig. 11 Stability of L-a-FeOOH catalyst after subsequent reactions under identical conditions
(1.0 mM oxalic acid, pH 3, light irradiation (1000.0 lux))

To evaluate the stability of prepared catalysts, catalytic performance of a-FeOOH with
1.0 mM oxalic acid at pH 3 under light irradiation (1000.0 lux) was tested in three subsequent
oxidation cycles under identical conditions. After each experiment, the catalyst was separated
from treated solution by centrifugal separator, washed with distilled water, dried and used for
next run. Obtained results indicate that the L-a-FeOOH photocatalyst can be reused
effectively for several times without significant losses in activity (Fig.11). After recycling

L-a-FeOOH for three times, the RhB degradation rate ranges from 80.0 % to 70.5 %. This
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finding suggests that the photocatalytic activity of prepared L-a-FeOOH catalyst is not easily
lost even after recycling. Meanwhile, we find that the stability of H-a-FeOOH is a little
higher than that of L-a-FeOOH.
3.3.5 Possible photocatalytic mechanism

During photoreaction, oxalic acid is initially adsorbed by iron oxide particles to form
[Fe(C204),] " (Eq.2). H,0; can be self-produced under light irradiation (Eqs.3-7). Changes
in H,O, concentration with reaction time at different conditions under light irradiation
(1000.0 lux) are shown in Fig. 12. Figs. 12(A) and 12(B) show that the concentrations of
H,O; increase with reaction time, particularly at earlier stages of reaction [34]. As the
reaction progresses, the concentration of H,O, tends to decrease gradually. This trend can be
explained by the fact that the H,O, in the system reacts with Fe**, which leads to observable
decreases in H,O, concentration at later stages of reaction. As shown in Fig. 12(A), the
concentration of H,O, increases faster in the reaction system with oxalic acid than in the
reaction system without oxalic acid. The concentration of H,O, formed in the
L-a-FeOOH/oxalate system [Fig. 12(A)d] is higher than that formed in the
H-a-FeOOH/oxalate system [Fig. 12(A)c]. Fig. 12(B) shows that the concentration of H,O,
increases with increasing oxalic acid concentration from 0.0 mM to 1.0 mM. It has been
confirmed that iron (hydr) oxides can catalyze the decomposition of H,O, and form OHe
radicals [35]. In our case, excess oxalate (Cp = 1.2 mM) can occupy adsorption sites on the
surface of a-FeOOH and inhibit H,O, formation, which can lead to decreased RhB

degradation (Fig. 6g).
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Fig.12 Changes of the H,O, concentration with reaction time: (A): ( a: H-a-FeOOH; b:
L-a-FeOOH; c: H-a-FeOOH in the presence of 1.0mM oxalic acid; d: L-a-FeOOH in the
presence of 1.0 mM oxalic acid); (B): L-a-FeOOH system in the presence of different
concentrations of oxalic acid (Cy) (a: Co = 0.2 mM; b: Cy = 0.4 mM; c: Cop = 0.6 mM; d: Cy =

0.8mM;e:Co=1.0mM; f: Co=1.2mM)
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Fig.13 The concentration of the dissolved Fe(Ill) (A) and Fe(Il) (B) vs. reaction time by
using different samples: (a: L-a-FeOOH; b: H-a-FeOOH/oxalate; c: L-a-FeOOH/oxalate)



RSC Advances Page 18 of 24

Iron oxides could be photodissolved during the photoreaction. The dissolved Fe(III)
species could be photoreduced to generate Fe(Il) species [1]. Fig. 13(A) shows that the
concentrations of Fe(Ill) increase with the reaction time in the earlier stages of the reaction
(060 min). As the reaction progresses, the concentration of Fe(Ill) tends to decrease
gradually. And the concentrations of Fe(Il) increase with the reaction time (Fig.13(B)).
During the reaction under light irradiation, the Fe(Ill) species are readily reduced to form
Fe(Il), thereby leading to the observed decrease in the concentration of Fe(IIl) in the later
stages of the reaction, and increase in the concentration of Fe(Il). Meanwhile, from Fig. 13(A)
and (B) we can see that the concentrations of dissolved Fe(Ill) and Fe(Il) in the system are
higher in the presence of oxalic acid (Cy = 1.0 mM) than without oxalic acid, which indicate
that oxalic acid can promote a-FeOOH dissolution. And the concentrations of dissolved
Fe(Ill) and Fe(Il) in the L-o-FeOOH/oxalate system are higher than that in the
H-a-FeOOH/oxalate system, which indicate that L-a-FeOOH is easily dissolved. Formation
of Fe(Ill) and Fe(II) species in aqueous solution during reaction performs a critical function
in RhB degradation. The system obtains higher concentration of Fe(II) ions, and will exhibit
higher RhB degradation efficiency based on homogeneous Fenton reaction (Egs. 6-8).

Increased RhB adsorption on L-a-FeOOH is expected to enhance RhB
photodegradation in the L-a-FeOOH/oxalate system [28]. Upon light irradiation,
electron—hole pairs are photogenerated on the surface of the a-FeOOH catalyst. Fe(III) on the
surface of a-FeOOH (=Fe(Ill)) can combine with H,O, to form OHe by heterogeneous Fenton
reaction, as shown in Eqgs. (9-10). Then, the OHe formed in the system reacts with dye

molecules to form other species; thus, OHe is responsible for dye degradation.
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Surface-adsorbed organic compounds are readily oxidized by OHe radicals. Consequently,
besides showing higher adsorption for RhB II, L-a-FeOOH also exhibits higher
photocatalytic degradation activity.

Furthermore, ESR tests with DMPO were conducted to detect *OH radicals produced in
the L-a-FeOOH system in the presence of 1.0mM oxalic acids at pH 3 under light irradiation
(1000.0lux). As shown in ESR spectra (Fig. 14), the intensity ratio of main peaks belonged to
DMPO-+OH in the L-a-FeOOH/ oxalate system is 1:2:2:1under 355 nm laser irradiation. And
the intensities of signal strengthen with increased irradiation time, indicating the
concentrations of *OH radicals increase with the irradiation time prolonged. This indicates
that the *OH radicals is surely formed in the system [36-37]. *OH radicals can be mainly

responsible for the RhB degradation (Eq. 11).

WM./\,-—VJ‘V\,-/\/NJ\,AA.—« 20min
*""“"’\/""‘/\f'm“/\f-’*—ﬂr"’*“‘WUmin

WWWW« 5min

Intensity (a.u.)

s i A P VL e e o 111111

3450 3470 3490 3510 3530
Magnetic Field (G)
Fig.14 DMPO spin-trapping ESR spectra in the L-a-FeOOH/oxalate aqueous dispersion
The possible reactions for the RhB degradation are given as follows:
Iron oxide+nH,Cy04 — [ Fe(C104),] 3720 (2)

[Fe"(C,04)n] > " +hv — [Fe"(C204)-1)]7>" +(C204)*” (3)
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(C,04)s — CO, +COze 4)
COy* +0, — CO, +0O,e” (5)
0,* +Fe’" — Fe*" +0, (6)
O,* +nH" +Fe*" +hv — Fe’" +H,0, (7)
Fe*" +H,0, — Fe'" +OH + «OH (8)
=Fe(Ill) + H,0, — =Fe(Il) + HO,» +H" 9)
=Fe(Il) + H,0, —  =Fe(lll)+ OH++ OH" (10)
RhB + OH* — Products (11)

4. Conclusions

High- and low-crystalline a-FeOOH were obtained via air oxidation of Fe(OH),. The
oxalic acid concentration, initial pH, and light intensity were vital factors influencing the
a-FeOOH/oxalate system for RhB degradation. Under light irradiation and optimal pH of 3,
the optimal oxalic acid concentration in the a-FeOOH/oxalate system for RhB degradation
was determined to be 1.0 mM. Higher light intensity also led to higher RhB degradation rates.
In contrast to high-crystalline a-FeOOH, low-crystalline o-FeOOH possessed a larger
specific surface area, was more easily dissolved in aqueous solution, and could produce
higher H,O, concentrations in the system; thus, a-FeOOH showed higher adsorption and
photocatalytic activity toward RhB photodegradation by homogeneous and heterogeneous
photo-Fenton-like reactions. RhB degradation could be mainly attributed to the present of

*OH radicals in the system.
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