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ARTICLE DETAILS ABSTRACT

Article History: Humic Acid (HA) is considered as one of the major components that represents a major fraction of dissolved in natural
water. Complex mixture of organic compounds on HA lead to the problematic issue for municipal wastewater

Received 10 May 2018 treatment plants such as undesirable taste, colour to drinking water and fouling in pipe line. The reaction of HA with

Accepted 6 Jun 2018 chlorine during disinfection processes would produce carcinogenic by-products like trihalomethanes. In this study,

Available online 10 July 2018 for the first time, LaFeO3 photocatalyst was successfully synthesized via gel-combustion method using combined

glucose/citric acid as chelating agents and was further calcined at 400°C. The photocatalytic activity of samples was
investigated by degradation of Humic Acid (HA) in water under visible light irradiation. Results proved that the
photocatalytic degradation of HA is dependent on the catalyst dosage, initial concentration of HA, and oxygen
availability in the aeration. The photocatalytic degradation also was enhanced by high surface area of synthesized
LaFeO3 obtained by amorphous structure. Overall, the percentage removal of HA by varying the catalyst dosage are
in the order of 88%, 90%, 98% and 97% for 0.6 g/L, 0.8 g/L, 1.0 g/L, and 1.2 g/L respectively for an irradiation period
of 120 minutes. Next, the removal of HA by manipulating its initial concentration are 98%, 90%, 85% and 86% with
respect to 10 g/L, 20 g/L, 30 g/L and 40 g/L taken for 120 minutes. Overall, the optimal operational parameters for
the removal of HA of catalyst dosage is 1.0 g/L performing at 98%, for initial concentration of HA which was removed
efficiently at 97% is 10 g/L and via aeration in this study was about 93%, after 120 min of irradiation times.

KEYWORDS

Humic acid, gel-combustion, Lanthanum orthoferrites, adsorption, photocatalytic degradation, aeration.

powerful photocatalyst can cause fast decomposition and mineralization
of a wide variety of organic pollutants and natural organic matters.
Recently, perovskite based-photocatalyst have been widely studied due to
its visible-light-driven properties in photocatalysis [9,10]. Perovskites
come under the formula ABO3 where A is an alkali rare earth like La, Ca,
Sr, Ba, etc., and B is an element with valence +3 or +2, such as Fe, Cu and Ni
which exhibits high proton and oxygen ion conductivity. Perovskite oxides
have been of foremost importance in photocatalysis since the material
exhibits a wide range of beneficial properties with low band gap, better
chemical stability and environmental-friendly. One of the promising
photocatalyst come from perovskites as efficient visible-light driven
photocatalyst, is lanthanum orthoferrite (LaFeO3) due to its narrow band
gap and optoelectronic properties [1,2,11,12].

1. INTRODUCTION

Humic acid, as part of natural organic matters, signifies 90% of dissolved
organic carbon in surface water. It possesses extremely complex molecular
structures which mainly consist of many functional groups such as
carboxylic, aromatic, phenolic, hydroxide radicals, ketone and quinone
groups [1]. According to numerous studies, it has been confirmed that HA
could react with major disinfectants (chlorine dioxide and chlorine) to
form mutagenic halogenated compounds like trihalomethanes in
chlorination process of drinking water [2]. Nonetheless, it is detrimental
to human health owing to its carcinogenicity. Therefore, prior to the
chlorination of drinking water, it is very essential to eliminate HA. The
traditional ways used to remove HA mainly contain coagulation process

and ultrafiltration membranes techniques.
d In order to synthesize high purity of nanoparticles assisted with large

surface areas and homogenous shape, numerous studies have been
focused on the effect of calcination, heat treatment, solvent annealing and
even concentration chelating agents [13-16]. Approach using combination
of chelating agent is not being extensively study. In this study, a novel
photocatalyst of LaFeO3 nanoparticles was first prepared by gel-
combustion method using glucose and citric acid as combined chelating
agents. The structure and morphology of the prepared LaFeO3
characterized by various analytical techniques. Then the adsorption and
photocatalytic activity of LaFeO3 nanoparticles was investigated by
degradation of HA in water under LED lamp under effect of effects of
operational parameters such as catalyst dosage and HA initial
concentration and aeration.

Advanced Oxidation Processes (AOPs) is the state of the art in the current
wastewater treatment and is acknowledged as successful in eliminating
complex organic contaminants due to the capability of achieving complete
oxidation. AOPs have matched many advantages as compared to the
conventional ways of water treatment. The process of degradation of
impurities are much quicker by discharging hydroxyl radicals (¢OH). The
most vital variables in AOPs are catalyst and source of light to accomplish
high productivity in degradation of prevailing pollutants. Despite the
conventional treatments such as coagulation, membrane filtration and
adsorption as the alternative of removal HA, photocatalytic oxidation has
been regarded one of the latest technologies to treat various of organic
contaminants [3-8]. By the generation of hydroxyl radicals (OHe) as a

strong and non-selective oxidant under ambient conditions, these . . L .
Photocatalytic degradation processes are controlled by oxidizing radicals,
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which are photogenerated on the catalyst surface or in the bulk solution.
Hydroxyl radicals, «OH, with their high oxidizing potential, and eventually
peroxide radicals, 02-e, that enhance «OH radical formation in water, are
the most interesting species in organic pollutant photocatalytic
degradation 8. Consequently, the application of a dosage method that
avoids high pollutant concentrations to control the photo-oxidation
reaction offers a plausible alternative. Thus, the highest degradable
concentration will be progressively added, according to the surface-active
center concentration, so that catalyst saturation or poisoning and the
formation of non-photoactive intermediates that hamper the target
pollutant degradation, are avoided or reduced. Largely, main purpose of
aeration is used for accelerating the mixing of suspension photocatalyst in
the case of slurry reactors and economical source of oxygen 2. Recently,
aeration is applied as one of a determining parameter for promoting the
adsorption and photocatalytic performance because it acts as an oxygen
supply for the reaction 11. The photocatalytic degradation can be triggered
due to the formation of more oxygen active species in the HA. The results
indicated that sufficient amount of

oxygen as electron acceptor and oxidizing agents in aeration significantly
gives impact on adsorption and photocatalytic degradation.

2. EXPERIMENTAL
2.1 Synthesizing LaFe03 nanoparticle using gel-combustion method

Lanthanum (III) Nitrate Hexahydrate, La(NO3)3.6H20 and glucose were
purchased from Merck Co Ltd. Ferum (III) Nitrate Nonahydrate,
Fe(N03)3.9H20, citric acid and ammonia hydroxide are purchased from
Sigma-Aldrich Ltd. For targeted pollutant, Humic acid (HA) was employed
to test the photocatalytic activity under visible light irradiance using LED
(100 W) light source (Phoenix Electric Co., Ltd. Himeji Japan). All reagents
were analytical grade and used without further purification. Firstly,
sequence of appropriate amount of Lanthanum Nitrate Hexahydrate
(La(NO3)3.6H20), Iron (III) Nitrate Nonahydrate (Fe(NO3)3.9H20) and
citric acid monohydrate (C6H807.H20) were added into distilled water.
Ratio between (C6H807.H20) and metal nitrate were fixed as 2:1. The
mixture was stirred while heated at 70 °C. While the mixture was still
stirred with magnetic stirrer, 80% glucose solution was added into the
beaker. The pH was then controlled at 7 by added NH4OH. The
temperature of stirred-solution was increased up to 200 °C until xerogel
was formed. The xerogel was then heated in an oven at 250 °C until the
xerogel became black powder, so-called “as-burnt powder”. The as-burnt
powder was calcined at 400 °C for 2 h.

2.2 Characterization of synthesized LaFe03

The crystallinity of sample was examined using XRD (Rigaku Smartlab
D/MAX 2500) with Cu (k=1.5406 A) irradiation and scanned in the range
of 20°- 90° at a rate of scanning of 1°C/min, particle morphologies and
composition of samples were evaluated using FESEM (Supra 35-VP, Carl
Zeiss, Germany) and SEM-EDX (Hitachi TM 3000 Tabletop Microscope).
The surface areas were measured and calculated using BET method based
on nitrogen gas adsorption-desorption (Micromeritics Instrument
Corporation TriStarll 3020 (surface area and porosity analyzer).

2.3 Photocatalytic degradation of humic acid

The photocatalytic degradation activity of Humic acid by LaFeO3 was
carried out in customized photo reactor. The visible light irradiation,
placed 10 cm from the specimen, was sourced from LED light (100W). 0.18
g, 0.24 g 0.30 g and 0.36 g of synthesized LaFeO3 was weighed and
dispersed in 300 ml of HA (10mg/L) respectively. Prior to degradation,
LaFeO3 was allowed to reach adsorption-desorption equilibrium for at
least 30 minutes under continuous stirring, followed by irradiation of
visible light for 120 minutes. To observe the effects of initial concentration
on photocatalytic activity, the initial concentration was varied at 10 mg/L,
20 mg/L, 30 mg/L, and 40 mg/L respectively. The effects of aeration were
carried by continuously aerated the solution by a pump to provide oxygen
during photocatalytic test. At specific time intervals, 5 mL aliquot was
taken using filtered syringe to separate LaFe03. Concentration of HA were
monitored by measuring the value of absorbance of aliquot using UV-Vis
spectrophotometer at A= 254nm. The performance of adsorption and
photocatalysis were further calculated and evaluated by using the
following equation (Equation 1):

Co—C¢

Removal of HA (%) = x 100% (@))]

0

Where Co (mg/L) is the initial concentration of HA, Ct (mg/L) is the
concentration at time interval.

3. RESULTS AND DISCUSSION
3.1 Characterization results of synthesized LaFe03

Figure 1 shows XRD diagram of the synthesized samples with
glucose/citric acid calcined at 400-C for 2 h. As shown at Figure 1, no
crystalline phase was observed which corresponded to the amorphous
powder. The crystallinity of nanoparticles mostly no formed at range of
300°C -400°C due to the transformation of nanoparticle into crystallinity
form by the loss of water and organics from prepared materials. Since
there is very limited of mobility of the ions at that temperature, it could
take some time to improve crystallinity to a great extent. However,
previous study stated that the amorphous structure exhibited better
photocatalytic performance than crystalline structure [17]. It was revealed
that amorphous products displayed high surface area when comparing to
other crystalline products that could lead to high adsorption of pollutants
on surface of photocatalyst [18]. Defect condition on amorphous surface
also could enhance the absorption of light and help to lower the
recombination of photogenerated electrons and holes, which further
improve the photocatalytic degradation performance [18]. The BET
surface area of the synthesized LaFeO3 with glucose/citric acid was found
to be highest (70 m2 g-1) compared to previous synthetized LaFeO3 70
m2 g-. High surface area of photocatalyst is vital for the removal of any
pollutants because it can provide more active site for the reaction to be
complete within a short time [19].

As shown in Figure 2, FESEM micrograph images of the LaFeO3 particles
provide the information about morphology of the synthesized samples.
Despite their amorphous phase (Figure 1), the morphology incredibly
showed uniform spherical shape-like and composed of homogenous, less
agglomerated particles which contrary to most of previous study related
to morphology of amorphous nanoparticles [20].

1800

1600

1400

1200

1000

800

Intensity (a.u.)

600

400

200

04

T T T T
0 20 40 60 80 100

Degrees (20)

Figure 1: XRD pattern of the LaFeO3 powder sample with glucose/citric
acid calcined at 400°C for 2 h.

The EDX analysis was employed to determine the element of the
synthesized material. As shown in the Figure 3(a), EDX mapping suggests
that La (blue), Fe (light blue) and O (red) elements are distributed
uniformly in the samples. Based on the EDX analysis Figure 3(a), the
elements present are La, Fe and O with a mole ratio of 1:1:3 corresponding
to the stoichiometric composition of LaFeO3. The composition of the
elements in the sample obtained by the glucose/citric acid gel combustion
method was 71.38%; 14.10%; and 14.52% for Oxygen; iron and oxygen,
respectively (Table 1).

Figure 2: FESEM images of the LaFeO3 powder sample with glucose/citric
acid calcined at 400 °C for 2 h.
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Figure 3: (a) Elemental mapping of LaFeO3 (b) EDX analysis of the calcined LaFeO3 with glucose/citric acid callcined at 400 °C for 2 h

Table 1: The chemical composition of the BiFeO3.

Elements La Fe 0

Analytical percentage (%) 71.38%; 14.10% 14.52%

3.2 Effect of catalyst dosage

In order to study the effects of catalyst dosage, 0.18 g, 0.24 g, 0.30 g and
0.36 g of synthesized LaFeO3 were weighed and dispersed in 300 mL of
HA (10mg/L). The results of the experimental studies are depicted in
Figure 4. As seen in the figure, the degradation efficiency increased with
the increasing catalyst dosage from 0.6 g/L to 1.0 g/L; thereafter, at the
catalyst dosage of 1.2 g/L, the degradation efficiency decreased. At lower
maximum catalyst dosages, low active sites were available, while at higher
maximum catalyst dosages, agglomerated particles, high turbidity, and
scattering effects might cause lower degradation efficiency. Results

indicate that low initial LaFeO3 dosage (0.6 g/L) degradation is very slow.
Only 88% HA removal is achieved, and the catalyst experience slow
photocatalytic degradation after 30 minutes of adsorption. This may be
explained by considering that the elevated organic concentration on the
catalyst surface yields the formation of non-photoactive adsorbed
intermediates which are progressively accumulated and are probably
contaminating the catalyst surface. As a result, the degradation becomes
slower [21]. Moreover, HA removal results from Figure 4 shows that with
1.0 g/L dosage, achieved 98% and is considered the optimum dosage for
this parameter. Consequently, dosage increases HA degradation efficiently
and it occurs only up to 1.0 g/L and then decreases at 1.2 g/L dosage. A
cleaner catalyst surface, lower probabilities for active centres blockage
and formation of non-photoactive intermediates may explain these results.
Nonetheless, according to Dona et.al, the catalyst surface features are very
important as they determine the reaction mechanism. In contrast, at low
concentrations, the catalyst surface features and molecule-surface
interactions affect degradation rate at lower extent, being mainly
determined by the production of OHe radicals.
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Figure 4: Effect of catalyst on LaFe03 of adsorption and photocatalytic degradation HA (pH = 6, HA = 10 mg/L, contact time = 120 minutes).

3.3. Effect of initial concentration of HA

To study the effects of initial concentration, 10 g/L, 20 g/L, 30 g/L and 40
g/L of HA were prepared beforehand. The results of the experimental
studies are depicted in Figure 5. It was observed that, photocatalytic
activity performance achieved removal in the order of 98%, 90%, 85% and
86% for 10 g/L, 20 g/L, 30 g/L and 40 g/L respectively after irradiated by
visible light within 120 minutes. The results presented in Figure 5 show
that the lower initial concentration of HA exhibited the best photocatalytic
performance. Conferring to Saleh et. al., at higher initial concentrations of
HA, the penetration of light that could travel to the active site of the catalyst
was blocked, resulting in a decrease in the total number of active sites that
played roles in the degradation process. As investigated by Nezamzadeh-

Ejhieh et. al, it has been reported that photocatalytic activity depends on
the number of active species that play important roles in the photocatalytic
process. During irradiation, excited electrons in the conduction band of the
catalyst react with the oxygen molecules (02) to form superoxide radicals
(»02). In contrast, holes left behind in the valence band of the catalyst will
react with water (H20) or hydroxyl (OH-) molecules to form hydroxyl
radicals (¢OH). These active radicals are known as strong reducers and
oxidizers, which can destroy the complex chemical bonds of contaminants
such as HA. The lowest degradation was obtained 30 g/L, indicating that
the total number of active sites had decreased for the photodegradation of
HA.
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Figure 5: Effect of initial concentration on LaFeO3 of adsorption and photocatalytic degradation HA (pH = 6, HA = 10 mg/L, Catalyst dosage = 0.1-gram,

contact time = 120 minutes).
3.4 Effect of aeration

In order to study the effects of aeration, series of performance test
involving stirring (without aeration) and with aeration were carried out.
The results of the experimental studies are depicted in Figure. 6. It was
observed that with aeration, the removal of HA via adsorption was 22%.
Contrary in the case of no aeration, the adsorption removal was only 14%.
The adsorption performance was induced by presence of aeration in this
study compared with no aeration. However, in the case of aeration, the
photocatalyst surface may become highly hydroxylated to the point of
inhibiting the adsorption of HA and thus slows down the reaction rate [22].
For the photocatalytic activity performance with aeration, it is observed
the removal efficiency of HA increased from 22% to 43% after irradiated
by visible light and achieved 93% removal within 120 minutes. Compared
with no aeration, removal efficiency of HA increased only from 18% to
32% after irradiated by visible light and only achieved 88% removal
within 120 minutes.

Similar results were observed, which stated that photocatalytic
performance was triggered by the excess amount of oxygen in aeration

[23]. The presence of oxygen enhanced photocatalytic degradation since it
will react with conduction band electrons to form superoxide radial anions
which eventually yield reactive «OH [24]. The oxygen supplied into the HA
could prevent the recombination between electron and hole which would
reduce the photocatalytic activity. As the LaFeO3 irradiated by visible light,
an electron is excited out of its energy level to conduction band and leaves
a positive hole in the valence band. The positive hole is a strong oxidant
which can either react with electron donors like OH- or H20 to form «OH
or oxidized the HA directly. The excited electron can be trapped by oxygen
molecules from air bubbling to form 02 on the surface of LaFeO3.
Henceforth, the photocatalytic degradation can be triggered due to the
formation of more oxygen active species in the HA. It was reported that the
usage of air enhanced the degradation as compared to pure oxygen
demonstrating that oxygen is required only at minimum concentration
[25]. With aeration, numerous bubbles are made and will cause scatter
light before arriving at the photocatalytic surface during reaction.
Compared with no aeration, the initial dissolved oxygen is fatigued, and a
large percent of excited electrons should recombine with positive holes
and get back to the valence state [8]. Henceforth, the photocatalytic
degradation in aeration samples can be enhanced due to the formation of
more oxygen active species in the wastewater [26-29].
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Figure 6: Effect of aeration on LaFeO3 of adsorption and photocatalytic degradation HA (pH = 6, HA = 10 mg/L, Catalyst dosage = 0.1 gram, contact time =

120 minutes, air flow rate of 0.62 L. min-1. kg-1).
4. CONCLUSION

In this study, potential photocatalyst, LaFeO3 is synthesized via gel-
combustion using dual-complexing agents, glucose and citric acid and
further calcined at 400°C. The photocatalyst is tested on removal of HA via
adsorption and photocatalytic degradation. Due to existence of amorphous
structure of LaFe03, high surface area is obtained. The high surface area
of synthesized LaFeO3 promote adsorption and photocatalytic
performance within 120 minutes. The results also indicated that the
adsorption and degradation of HA is dependent on the catalyst dosage,
initial concentration of HA and oxygen availability in the aeration. The
presence of oxygen as electron acceptor in the aeration samples prevent
from recombination of electron-holes thus enhance the photocatalytic
degradation. Overall, the optimal operational parameters for the removal
of HA of catalyst dosage is 1.0 g/L performing at 98%, for initial

concentration of HA which was removed efficiently at 97% is 10 g/L and
via aeration in this study was about 93%, after 120 min of irradiation
times. Therefore, synthesized LaFeO3 can be used as a promising
photocatalyst to be applied for the removal of Humic Acid in municipal
wastewater treatment in future.
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