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A waste paper sludge-derived heterogeneous catalyst (WPS-Fe-350) was synthesized via a
facile method and successfully applied for the degradation of Orange II in the presence of
oxalic acid under the illumination of ultraviolet light emitting diode (UV-LED) Powder X-ray
diffraction, Fourier-transform infrared spectroscopy, scanning electronic microscopy and
N2 sorption isotherm analysis indicated the formation of α-Fe2O3 in the mesoporous
nanocomposite. The degradation test showed that WPS-Fe-350 exhibited rapid Orange II
(OII) degradation andmineralization in the presence of oxalic acid under the illumination of
UV-LED. The effects of pH, oxalic acid concentration and dosage of the catalyst on the
degradation of OII were evaluated, respectively. Under the optimal conditions (1 g/L catalyst
dosage, 2 mmol/L oxalic acid and pH 3.0), the degradation percentage for a solution
containing 30 mg/L OII reached 83.4% under illumination by UV-LED for 80 min. Moreover,
five cyclic tests for OII degradation suggested that WPS-Fe-350 exhibited excellent stability
of catalytic activity. Hence, this study provides an alternative environmentally friendly
way to reuse waste paper sludge and an effective and economically viable method for
degradation of azo dyes and other refractory organic pollutants in water.
© 2016 The Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences.
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Introduction

The photo-Fenton process, as one of the most popular
advanced oxidation processes (AOPs), is extensively applied
in the treatment of industrial wastewaters (Oller et al., 2011).
The photo-Fenton system mainly involves the formation
of strongly oxidizing hydroxyl radicals (•OH), which can
completely mineralize most organic compounds due to their
high oxidation potential (E0 = +2.8 V versus normal hydrogen
electrode) (Haag and David Yao, 1992). Recently, photo-Fenton
and photo-Fenton-like reactions have been widely employed
as effective methods to degrade azo dyes (Chen et al., 2013;
u.edu.cn (Huixiang Shi).

co-Environmental Science
Guo et al., 2014, 2015; Liu et al., 2012). In these reactions, H2O2 is
necessary to initiate the process, because H2O2 is the only
source of •OH (Kremer, 1999; Pera-Titus et al., 2004). However,
H2O2 is a very reactive chemical reagent with high oxidizing
power and does not survive for long under normal conditions.
Thus, the direct use of reactiveH2O2 is inconvenient for practical
industrial applications.

Polycarboxylic acids and iron oxides are capable of forming a
photochemical system to initiate a photo-Fenton-like reaction
generating •OH without the addition of H2O2 (Lei et al., 2006).
It is notable that Fe(III)-carboxylate complex photochemical
systems can achieve higher quantum efficiency than that of
s, Chinese Academy of Sciences. Published by Elsevier B.V.
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the photo-Fenton process or photocatalytic reaction with
Fe(III) alone (Faust and Zepp, 1993; Li et al., 2007; Siffert and
Sulzberger, 1991; Zuo and Deng, 1997). The photoexcitation of
Fe(III)-carboxylate complexes can form Fe(II) and carboxylate
radicals via a ligand-to-metal charge transfer (LMCT) mecha-
nism, which has been previously elucidated in detail (Balmer
and Sulzberger, 1999; Zuo and Deng, 1997).

It is well known that the usage of ultraviolet (UV) light
sources is one of the major drawbacks limiting the commer-
cialization of photocatalytic technologies. Low-pressure mer-
cury vapor lights are typically employed as the UV source
in conventional photocatalytic reactions, and have some
drawbacks, such as containing highly toxic mercury, being
relatively energy intensive and having short life spans.
However, ultraviolet light emitting diode (UV-LED) can sub-
stitute for mercury lamps in photocatalytic process. UV-LED
does not contain toxic mercury and have the advantages of
longer life spans and lower energy consumption, allowing
flexibility in engineering application (Hossaini et al., 2014).
UV-LED has been successfully applied in photocatalysis pro-
cesses for the degradation of several xenobiotics, including
formaldehyde (Shie et al., 2008), bisphenol (Wang and Lim,
2010), and chlorophenol (Yu et al., 2013) in contaminated
wastewater. However, little has been reported about the
application of UV-LED as UV light-sources in Fe(III)-carboxylate
complexes involved in photo-Fenton-like processes so far.

Recently, various kinds of supports such as mesoporous
activated carbon (Karthikeyanet al., 2011), nanoporous activated
carbon, activated carbon fibers (Karthikeyan et al., 2014), zeolites
(Fukuchi et al., 2014), resins (Shu et al., 2010), and hydrogel
(Wang et al., 2014) have been used to prepare heterogeneous
photo-Fenton or photo-Fenton-like catalysts. However, these
efficient catalysts have challenges in terms of high cost of
production and technical complexity, to some extent, which
limit their full-scale practical application. Thus, a major issue
researchers confront is the development of a novel and highly
active catalyst with a facile and low-cost synthesis process,
which is suitable for extensive engineering application. On the
other hand, an increasing amount of sludge is generated as a
byproduct of the paper wastewater treatment process, which
contains 20% or more solids, with 45%–55% moisture, which
would cause serious environmental problems in the event of
inappropriate management and disposal (Hamzeh et al., 2011).
More recently, waste paper sludge has been used by converting
it into mesoporous adsorbents to remove organic pollutants
from water or reclaimed as an industrial raw material (Calisto
et al., 2014; Devi and Saroha, 2014; Hamzeh et al., 2011). These
methods are among the most feasible and environmentally
friendlyways tomakeuse ofwaste paper sludge. It is anticipated
that waste paper sludge can be converted into a heterogeneous
photo-Fenton-like catalyst of high catalytic activity.

The present study aimed to evaluate the potential of an
as-synthesized catalyst (WPS-Fe-350) to degrade Orange II
(OII) (as a model pollutant) in the presence of oxalic acid by
using UV-LEDs as the activation source. Several significant
factors such as the catalyst dosage, oxalic acid concentration
and pH were investigated to optimize the reaction conditions
and gain a clear understanding of this photochemical reaction.
To the best of our knowledge, this is the first attempt to use a
waste paper sludge-derived catalyst for effective degradation
of OII in the presence of oxalic acid under illumination of
UV-LEDs.
1. Experimental

1.1. Materials

The hydrous waste paper sludge used as raw material for the
synthesis of catalyst in this study was sampled from a paper
mill effluent treatment plant located in Zhejiang, China, with a
designed capacity of 20,000 m3/day. Themoisture content of the
wet sludge was 89.7% ± 0.3%. The sludge was stored at 4°C
before use. Ferrous sulfate (FeSO4·4H2O) and oxalic acid (H2C2O4)
were purchased from Aldrich Co. Orange II (C16H11N2NaO4S,
99.9%) was acquired from Fluka Co. All reagents were analytical
gradeunless otherwise stated. All of the solutionswere prepared
with water from a water purification system (Merck Millipore
Co., Shanghai, China). Diluted solutions of sodium hydroxide or
hydrochloric acid were employed for pH adjustment.

1.2. Preparation of catalyst

The dewatered waste paper sludge sample was dried at 105°C
for 24 hr, and ground and sieved to a uniform size of <0.1 mm.
Then the sample was heated to 350°C in a muffle furnace in
air for 2 hr to obtain the material designated as WPS-350. The
waste paper sludge-derived catalyst was prepared following
the procedure below: a 10 g ground and sieved sample was
impregnated in a 100 mL of 1 mol/L FeSO4 solution for 24 hr
at room temperature. After the supernatant liquid was com-
pletely removed, the sample was dried at 105°C for another
24 hr. Subsequently, the sample was heated to 350°C in a
muffle furnace in air for 2 hr to obtain thematerial designated
as WPS-Fe-350. Finally, the catalyst was washed three times
with 95% alcohol and another three times with distilled water
to remove anions and organic impurities. The waste paper
sludge-derived Fe-loaded nanocomposite was designated as
WPS-Fe-350 and used for characterization and degradation
experiments.

1.3. Characterization of catalyst

The crystal phase was determined by X-ray diffraction (XRD,
Ultima IV, Rigaku Co., Japan) with monochromatic Cu Kα
radiation (45 kV, 50 mA). The functional groups were detected
by Fourier transform infrared (FT-IR) spectroscopy (Nexus,
Thermo Nicolet Lt., USA) using the potassium bromide (KBr)
pellet method. The surface morphology was analyzed by
scanning electronmicroscopy (SEM, FEI Co., The Netherlands).
The specific surface area (SBET), micropore surface and total
pore volume were measured by the Brunauer–Emmett–Teller
(BET) method (ASIC-2, PE Co., USA). The bulk chemical com-
position was analyzed via an energy dispersive X-ray detector
(EDX) attached to the SEM.

1.4. Experimental procedures

The degradation experiments were conducted in a glass
photoreactor, which has an internal diameter of 12 cm and a
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total volume of 150 mL. The schematic of the photoreaction
setup is shown in Fig. 1. A set of 75 GaN LEDs (Semiconductor,
Korea) was used as the light source, with amaximum intensity
at 385 nm. The UV-LEDs were installed on round aluminum
plate. A quartz filter was fixed between the UV-LEDs and the
reactor. The UV-LEDs were connected in series to a direct
current (DC) power systemwith a maximum current intensity
of 20 mA. The distance from the surface of the UV-LEDs to the
liquid level in the reactor was 2 cm.

In a typical experimental run, 100 mL of OII solution
(100 mg/L) and a varying amount of catalyst was added
into the photoreactor. The initial pH was adjusted to 3 by
using 0.1 mol/L HCl or NaOH for consistency. After mixing for
30 min to achieve equilibrium for catalyst dissolution and
iron-ligand chelation, the reaction was initiated by switching
on the light source and the suspension was then constantly
stirred at 120 r/min with a magnetic stirrer during the
reaction process. Sample aliquots of 1 mL of the suspension
were withdrawn at intervals and centrifuged at 5000 r/min
for 10 min, then filtered via a Millipore filter (0.45 μm) to
separate any catalyst particles. OII absorbance was mea-
sured at its maximum absorbance of 485 nm with an
ultraviolet–visible (UV–Vis) spectrophotometer (UV1750,
Shimadzu Co., Japan), and its concentration was determined
from a calibration curve. The content of total organic car-
bon (TOC) was measured by a TOC analyzer (TOC-V, CPH,
Shimadzu Co., Japan).
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Fig. 2 – XRD pattern of waste paper sludge-derived catalyst (A
represents Anhydrite, C represents Calcite, H represents
hematite). WPS-Fe-350 and WPS-350 refer to Section 1.2.
2. Results and discussion

2.1. Characterization of the catalyst

The XRD patterns of WPS-350 and WPS-Fe-350 (catalyst) are
shown in Fig. 2. The diffractograms suggest that the two
materials displayed similar intense diffraction peaks at 2θ of
25.4 and 29.4°, which corresponded to typical CaSO4 (Anhydrite)
and CaCO3 (Calcite) crystalline structures respectively. Com-
pared with WPS-350, the peaks at 2θ of 33.1, 35.6 and 40.8° of
WPS-Fe-350 were in agreement with the (104), (110) and (113)
reflection data in JCPDS No. 84-0306 of α-Fe2O3. Thus, the XRD
data confirmed that α-Fe2O3 is the main iron oxide present in
the as-synthesized catalyst WPS-Fe-350.

The FT-IR spectra of WPS-350 and WPS-Fe-350 (as-
synthesized catalyst) are shown in Fig. 3. The peaks at 3451
and 1638 cm−1 corresponded to the O–H stretching and
bending vibrations, respectively (Yuan and Dai, 2014). The
peak at 2932 cm−1 corresponded to the stretching vibration
of C–H in the CH3 and CH2 groups. In contrast with WPS-350,
the peak at 1442 cm−1 became weak in the spectrum of
WPS-Fe-350, which corresponded to the symmetrical defor-
mations of CH2 (Yuan and Dai, 2014).

The pore size distribution curves and N2 adsorption–
desorption isotherms of WPS-350 compared with WPS-Fe-350
are shown in Fig. 4a1, a2, respectively. WPS-Fe-350 (SBET,
16.49 m2/g) had a smaller specific surface area than WPS-350
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Fig. 3 – FT-IR spectra of waste paper sludge-derived catalysts.
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(SBET, 18.64 m2/g), which may be attributed to the blocking of
some pores of the catalyst by the loading of Fe and an increase
in density after calcination and Fe loading. The results also
proved the existence of large-pore mesopores in the range of
2–50 nm, which was favorable for the catalytic properties of
WPS-Fe-350. All the isotherms were close to type IV isotherms
as classified according to International Union of Pure and
Applied Chemistry (IUPAC). The SEM images of WPS-350 and
WPS-Fe-350 are shown in Fig. 4b1 and b2. WPS-350 and
WPS-Fe-350 exhibited coarse and nonporous surfaces, which
was due to the evaporation of H2O or decomposition of organic
molecules during the calcination process and can offer more
adsorption sites for the catalyst.

2.2. Degradation of OII under different systems

The experimental results of OII photodegradation under
different conditions are presented in Fig. 5. Without the
addition of oxalic acid, when the solution mixed with OII
and WPS-Fe-350 was subjected to UV-LED irradiation for
80 min, the concentration of OII was only slightly decreased,
by 2.4%, which was thought to be due to adsorption rather
than degradation. After the addition of oxalic acid, only 2.7%
degradation of OII was reached after 80 min without illumi-
nation by UV-LEDs. A 13.5% degradation ratio was observed in
the mixed solution of oxalic acid and OII without WPS-Fe-350
under illumination by UV-LEDs. The reason was due to the
direct electron transfer between the photo-excited state of OII
and oxalic acid ions (Wei et al., 2012). When both oxalic acid
and WPS-Fe-350 together were added to the OII solution to
form the photo-Fenton-like photochemical reaction under
UV-LED irradiation, the degradation percentage of OII was
significantly increased to 86.4% after 80 min reaction. As
determined by the TOC measurement, 44.5% TOC removal
was detected in 80 min, suggesting that WPS-Fe-380 showed
high OII mineralization efficiency.
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2.3. Effect of pH

To investigate the influence of pH on the photodegradation of
OII, a series of experiments was conducted at different initial
pH values. As depicted by Fig. 6a, OII can be degraded with
WPS-Fe-350 in the presence of oxalic acid within the pH range
2–5. The degradation percentage of OII reached a maximum
(above 80%) at pH 3. When the reaction system was set at an
initial pH of 3, the main Fe(III)-oxalate species on the solid
catalyst surface were [≡FeIII(C2O4)n]3-2n, which were highly
photoactive (Balmer and Sulzberger, 1999). However, the
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Fig. 6 – Effect of (a) initial pH, (b) initial concentration of
oxalic acid and (c) catalyst dosage on photodegradation
of OIII, COII 30 mg/L. Reaction conditions: (a) WWPS-Fe-350

0.1 g, 0.2 mmol/L Coxalic acid, (b) WWPS-Fe-350 0.1 g, pH 3 and
(c) Coxalic acid 2 mmol/L and pH 3.
degradation of OII was inhibited obviously when the system
pH was outside the range 3–4. When the system pH was
lower than 2, the low degradation percentage was due to the
scavenging of •OH by H+ (Liu et al., 2012). However, when the
reaction system pH value was set at 4–5, [≡FeIII(C2O4)2]+ was the
main form of Fe(III)-oxalate complex, with low photoactivity.
When the initial systempHwas set at 6, the predominant Fe(III)
species was Fe(III)–OH, which has little or no photoactivity.
Thus, the optimal pH is 3 for this reaction system.

2.4. Effect of oxalic acid concentration

As shown in Fig. 6b, a set of experiments were carried out
at different oxalic acid initial concentrations in the range of
0.5–4.0 mmol/L. The results clearly indicated that the initial
concentration of oxalic acid had a significant influence on the
OII degradation ratio. In the low range (0.5–2.0 mmol/L), the OII
degradation ratio increased significantlywith the concentration
of oxalic acid. However, excessive oxalic acidmolecules present
in the solution could adsorb on the Fe(III) sites on of the catalyst
surface and competed with OII in reacting with the formed •OH
radicals. Clearly, the optimal concentration of oxalic acid was
2 mmol/L in this photo-Fenton-like reaction system.

2.5. Effect of catalyst dosage

Since the reaction was carried out in a suspension of the
heterogeneous catalyst (WPS-Fe-350), the catalyst content
was an important factor, as it can influence the penetration
of light into the suspension. Fig. 6c shows the dependence
of OII photodegradation on the WPS-Fe-350 content. The OII
photodegradation efficiency increased as the catalyst dosage
increased from 0.025 to 0.15 g. More Fe(III)-oxalic acid species
would be formed when more WPS-Fe-350 was added to
the reaction solution, and as a result, more •OH would be
generated. Nevertheless, further increasing WPS-Fe-350 dos-
age resulted in a slight decrease in the efficiency. The reaction
suspension would become more turbid when excessive
WPS-Fe-350 was added, which would reduce the penetration
of light and decrease the formation of •OH. The optimal
dosage of WPS-Fe-350 was 0.1 g, at which point the efficiency
reached the maximal value of 86.4%.

2.6. Mechanism

Based on the results obtained above, WPS-Fe-350 exhibited
efficient degradation ability toward OII in the presence of oxalic
acid under UV-LED illumination. However, it was not clear
whether the high degradation ratio of OII could be attributed to
the presence of WPS-Fe-350 itself or to Fe ions in solution
leaching from WPS-Fe-350 under acidic conditions. To clarify
that this degradation reaction was not a homogenous one but
rather a heterogeneous reaction, the concentration of iron ions
present in the reaction solution wasmeasured via ICP spectrom-
etry when the reaction was complete. The results showed that
the iron ion concentration of the solution was only 2.67 ppm,
whichwasmuch lower than that of iron ion (12.2–40.2 ppm) in an
iron oxide nanoparticle reaction system (Giraldi et al., 2009). After
the reaction, 100 mL of the supernatant was collected by
centrifugation. Subsequently, 5 mL of 630 mg/L OII was added
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to the supernatant (100 mL) to forma 105 mL solution containing
30 mg/L OII for photodegradation. A comparison experimentwas
carried out using a 105 mL solution containing the same
concentration of 30 mg/L OII and 0.1 g of WPS-Fe-350 under the
same light source. As Fig. 7a shows, the degradation percentage
of OII in the comparison experiment reached 90% at 80 min,
while the degradation ratio of OII in the filtrate solutionwas only
22.6%. The result confirmed that photodegradation occurs not
only on the surface of the catalyst but also in the bulk solution
homogeneously, and the heterogeneous reaction predominates.

To ascertain themainmechanismbywhichOIIwas degraded
during this photo-Fenton-like process, the degradation experi-
ment was conducted in the presence of tert-butanol. The
degradation process compared with normal conditions (without
tert-butanol) is depicted in Fig. 7b. The results showed that the
degradation percentage of OII decreased from 82.9% to 34.2%
(47.8% reduction) in the presence of tert-butanol. As tert-butanol
is traditionally employed as an efficient radical scavenger to de-
termine the role of •OH in advanced oxidation processes (AOPs),
it can be deduced that •OH plays a major role in the oxidative
degradation of OII during the photo-Fenton-like process.

XPS investigation ofWPS-Fe-350 was conducted before and
after the degradation reaction (Fig. 8). XPS spectra indicated that
the Fe2P3/2 peak (curve A) broadens notably after the reaction,
compared with that of WPS-Fe-350 before reaction (curve B).
The full width at halfmaximum (FWHM) forWPS-Fe-350 before
Fig. 7 – Effect of (a) homogenous and heterogeneous catalysis
and (b) tert-Butanol on the degradation of OII.
reaction was 3.57 eV while that for WPS-Fe-350 after reaction
was 4.12 eV. The change of FWHMsuggested that themolecular
environment of the iron atoms on the surface of WPS-Fe-350
had been altered because the binding energy not only depends
on the chemical state of the atoms, but also on their molecular
environment. Based on the aforementioned result, it is further
proved that the complex [≡FeIII(C2O4)n]3-2n was formed on the
surface of WPS-Fe-350 during the photocatalytic process,
because the formation constant is very large. Therefore, it
is concluded that the formation of the photoactive complex
[≡FeIII(C2O4)n]3-2n initiates the photocatalytic process.

Therefore, based on the previous reports (Balmer and
Sulzberger, 1999; Zuo and Deng, 1997), we proposed a possible
mechanism for WPS-Fe-350 as a heterogeneous catalyst for
the photodegradation of OII, depicted by Eqs. (1)–(9). During
this process, oxalic acid was first combined with Fe(III) on the
surface of WPS-Fe-350 to form Fe(III)-oxalic acid complexes
[≡FeIII(C2O4)n]3-2n, which were able to be excited to generate a
series of radicals, such as oxalate radicals (C2O4)•, carbon-
centered radical (CO2)•−, superoxide ion (O2•−) and (hydroxyl
radical) •OH, and form H2O2 in solution. Superoxide and
hydroperoxyl radicals (•O2

−/•O2H) (Eqs. (2), (3), (4), (5) and (6))
are generated as the key intermediates. H2O2 is derived
from •O2

−/•O2H, (Eqs. (7) and (8)) and participates in a classical
Fenton reaction with Fe(II), to produce •OH (Eq. (9)):

Fe IIIð Þ þ nH2C2O4 → Fe IIIð Þ C2O4ð Þn
� � 2n−3ð Þ− ð1Þ

Fe IIIð Þ C2O4ð Þn
� � 2n−3ð Þ− þ hν→ Fe IIIð Þ C2O4ð Þn

� �2− þ • C2O4ð Þ− ð2Þ

Fe IIIð Þ C2O4ð Þn
� � 3−2nð Þ− þ hν→ Fe IIIð Þ C2O4ð Þ n−1ð Þ

h i 4−2nð Þ
þ • C2O4ð Þ−

ð3Þ

• C2O4ð Þ− →CO2 þ • C2O4ð Þ− ð4Þ

• CO2ð Þ− þO2 →CO2 þ •O2
− ð5Þ

•O2
− þHþ → •O2H ð6Þ

•O2
− þ Fe3þ → Fe2þ þO2 ð7Þ

•O2
−=•O2Hþ nHþ þ Fe2þ → Fe3þ þH2O2 ð8Þ

Fe2þ þH2O2 → Fe3þ þOH− þ •OH: ð9Þ



200 300 400 500 600 700 800
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6
A

bs

Wavelength (nm)

 0 min
 2 min
 5 min
 10 min
 20 min
 30 min
 40 min
 50 min
 60 min
 70 min
 80 min

Orange II

Fig. 9 – UV–Vis spectra of a typical degradation process.
Initial conditions: COII 30 mg/L, Coxalic acid 2 mmol/L, pH 3.

69J O U R N A L O F E N V I R O N M E N T A L S C I E N C E S 4 7 ( 2 0 1 6 ) 6 3 – 7 0
Furthermore, in order to observe the molecular features
and the structural transformation of OII during the degrada-
tion process, UV–Vis spectra changes of OII vs. time were
observed (Fig. 9). At specified intervals during degradation,
samples were analyzed by UV–Vis spectroscopy. As depicted,
there were three major bands in the absorption spectrum of
OII solution. Amaximum absorption peak was observed at the
visible region (485 nm) originating from the azo bond, the
intensity of which reflected its concentration in the solution.
This absorption peak decreased rapidly as the reaction
proceeded, without the appearance of new absorption peaks.
Additionally, the other two bands detected in the ultraviolet
region (229 and 310 nm) were assigned to benzene-like
structures in the OII molecule. As the reaction proceeded,
the decrease of the absorbance at 229 nm as well as 310 nm
was thought to be due to aromatic fragmentation in the OII
molecule and its intermediates (Lau et al., 2014; Li et al., 2013).

2.7. Reusability and stability

Reuse experiments were carried out in order to test the
catalytic activity of WPS-Fe-350 during the photodegradation
OII process and to observe the reusability of the catalyst
(Fig. 10). The catalyst was evaluated in five successive cycles
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Fig. 10 – Cycling tests ofWPS-Fe-350 for the degradation of OII.
Initial conditions: COII 30 mg/L, Coxalic acid 2 mmol/L, pH = 3.
at optimal conditions (30 mg/L OII, 2.0 mmol/L oxalic acid at
pH 3.0 and 0.1 g catalyst), and the reaction time was approx-
imately 80 min for each cycle. After the completion of each
run, the catalyst was separated and washed with deionized
water several times. The degradation percentages of OII in all
five cycles were more than 80.0%. The degradation was 83.2%
at the first cycle and 82.3% at the fifth cycle. The results
indicated the low cost andeasily prepared catalyst (WPS-Fe-350)
was reusable and has excellent potential for engineering
application.
3. Conclusions

In the current work, a low-cost waste paper sludge-derived
heterogeneous catalyst (WPS-Fe-350) was synthesized via
a facile method and tested as heterogeneous catalyst for
photodegradation of OII in aqueous solution. Since this
process directly uses WPS-Fe-350 as heterogeneous catalyst
and does not need the addition of H2O2, and exhibits high
efficiency even under low energy consuming UV-LED, it is an
economically viable way for degradation of dyes in wastewa-
ters. Under optimum conditions (1 g/L of catalyst, 2 mmol/L of
oxalic acid, 30 mg/L of MB), 86.4% degradation and 44.5% TOC
removal were achieved within 80 min under UV-LED illumi-
nation. The photodegradation efficiency was significantly
influenced by key factors such as catalyst dosage, initial
concentration of oxalic acid and the initial pH. Furthermore,
the as-synthesized catalyst exhibited negligible iron leaching
and high catalytic activity after five reaction cycles. These
results all demonstrate that WPS-Fe-350 is a promising
catalyst, and this photo-Fenton like process is a potentially
viable technique for degradation of dyes in real contaminated
waters.
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