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Abstract

Nitrophenols are notorious aquatic organic contaminants found as degradation products of various parent compounds,
including pesticides and industrial chemicals that persist in the environment andmust be removed. Catalytic degradation is
one of the feasible routes to clean the contaminated water systems, however, environmental contamination with catalysts is
also widespread. Herein, we report an environmentally friendly catalyst based on composited Fe-Schiff's base with exfoli-
ated layered double hydroxides (LDH) of aluminum and nickel (hydrotalcite). The composite showed agglomerated pleated
LDH structures sheathed with Fe(III)SB. Nitrogen adsorption isotherm data exhibited improved surface area and narrow
pores patterns for composite as compared to LDH indicating Fe(III) SB-induced change in the morphology of LDH. Also,
significant improvement in catalytic efficiency was observed for Fe(III)SB-LDH over pristine LDH. 4-nitrophenol (10 mg/L)
degradation of 99% in 5 min was achieved at pH 6 using a catalyst-to-volume ratio of 1:20 and 20 mMH2O2 as oxidant. It is
concluded that phenomenal improvement in catalyst efficiency can be attributed to Fe-Schiff's base modification.

Keywords: Environmental impact, Fe-Schiff's base composites, Aluminum and nickel hydrotalcite, Heterogeneous cat-
alytic efficiency

1. Introduction

L ayered double hydroxides (LDHs) are two-
dimensional (2D) layered materials, trending

in current researchwith diversified applications, such
as the removal of dyes and phenols from wastewater
[1]. The use of LDHs for the degradation of dyes and
4-nitrophenol can be considered sustainable in mul-
tiple ways. Firstly, LDHs are non-toxic and have a low
environmental impact compared to traditional
chemical methods of water treatment. Secondly,
LDHs have a high adsorption capacity for pollutants,
which means they can effectively remove dyes and
4-nitrophenol from water with relatively small
amounts of the material. This can help to reduce the
overall cost of water treatment. Thirdly, LDHs can
be regenerated and reused multiple times, which

further reduces the cost of treatment and reduces
the need for additional materials. Lastly, LDHs can
be synthesized from natural resources such as clay
minerals, which are abundant and widely available.
This can make the production of LDHs more sus-
tainable than the production of other types of water
treatment materials. LDHs for the degradation of 4-
nitrophenol is an environmentally friendly and
sustainable way of water treatment. As LDHs are
layered materials and exhibit space between their
layers, hence they are found to be a host for incor-
poration of planar transition metal complex cata-
lysts including Schiff's base, phthalocynine, or
porphyrin [2e6]. Aside from the effectiveness of
modified LDHs, these can also serve as heteroge-
neous materials in an aqueous environment,
providing an added benefit for use in sustainable
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environmental development [7]. There are extensive
studies dealing with the immobilization of catalyst
complexes within mesoporous layers. However, the
incorporation of transition metal complexes into
hydrotalcite layers has garnered little attention. It is
claimed that LDH-hosted catalyst doesn't leach and
can be reused several times without loss of activity
[8,9]. In the past few years, composited Schiff's bases
have been reported because of its easy production.
Schiff's bases, which are produced from amine and
aldehyde which also function as transition metal
complexes, have also been used to modify LDH.
Schiff's base complexes of transition metal ions such
as cobalt, nickel, copper, zinc, iron, manganese,
chromium, etc. can catalyze the polymerization of
olefins, the ring opening polymerization of cyclo-
alkenes, the oxidation of hydrocarbons, the ring
opening of large cycloalkanes, the metathesis of
olefins, the reduction of ketones, the alkylation of
allylic substrates, the hydrosilation of olefins, the
Michael addition reaction and the heteroannulation
reaction [10]. K.M. Parida et al. synthesized Fe(III)-
Schiff's base and immobilized it on LDH, which is a
heterogeneous catalyst. The LDH immobilized with
Fe(III)-Schiff's base showed good catalytic activity
for cyclohexane by using an oxidizing agent (H2O2)
[3]. They used sodium salt of 2-aminonicotinic acid
and salicylaldehyde to prepare Schiff's base and
incorporated it into ZneAl-based LDH.
In our study, we have prepared Fe(III)-Schiff's

base (benzophenone and 2-aminothiophenol) com-
plex and used it to modify LDH (Ni/Al) for surface
functionalities and morphological features. LDH
was exfoliated into layers using the formamide
method. To assess the efficiency of prepared mate-
rials, H2O2-driven oxidation of 4-nitrophenol using
a newly developed catalyst was conducted. Nitro-
phenols are among the toxic and carcinogenic pol-
lutants that are produced during many industrial
and agricultural activities, henceforth reactions that
can remove these compounds are of crucial impor-
tance. This paper reports on the synthesis and
characterization of catalysts, parametric optimiza-
tion for catalytic oxidation of nitrophenol, and
identification of degradation products.

2. Experimental

2.1. Material

Aluminum (III) nitrate [Al(NO3)3.9H2O], nickel (II)
nitrate [Ni(NO3)2.6H2O], Iron (III) nitrate nonahydrate
[Fe(NO3)3$9H2O], benzophenone, and 2-amino-
thiophenol were purchased from Sigma Aldrich. All
solvents used were of analytical grade. The stock

solution of 1000 mg/L concentration of 4-nitrophenol
(4-NP) (C6H5NO3) was prepared and diluted to the
required concentrations by using DI water.

2.2. Synthesis of NieAl LDH and Fe(III)/Schiff's
base (Fe(III)/SB)

In the general procedure, the nitrate salts of Ni2þ

5.48 g (3 mM) and Al3þ 2.12 g (1 mM) in a ratio of 3:1
were added dropwise to the solution of NaOH 4.0 g
(1.0 M) with continuous stirring at 60 �C under ni-
trogen environment. The resultant slurry was kept
at 60 �C overnight, then it was filtered and washed
through DI water and dried.
For the preparation of Schiff's base, the equimolar

solution of benzophenone 0.0911g/25 mL (20 mM)
and 2-aminothiophenol 8.3375mL/25 mL (20 mM)
in ethanol were refluxed for 3h. The obtained crys-
tals were recrystallized. Fe(III)-2-aminothiophenol-
benzophenone complex was prepared by stirring
ethanoic solution of 0.001M of Schiff's base 0.001M
of Fe(NO3)3$9H2O for 1h at room temperature. The
precipitates obtained were washed, dried, and
stored for further use.

2.3. Modification of Fe(III)/SB-LDH

Exfoliation was carried out by suspending NieAl
LDH (0.57g) in formamide (30 g) for 24 h. Ethanoic
solution of Fe(III)-2-aminothiophenol-benzophe-
none complex (3 g in 50 mL) was prepared. The two
solutions were mixed and stirred for 24 h at room
temperature followed by 48h at 70 �C. Then the
mixture was cooled at room temperature and the
precipitates were filtered and washed with ethanol.

2.3.1. Contaminants degradation at the bench level
Batch experiments for degradation of 4-nitro-

phenol were conducted in 15 mL glass bottles in a
shaker bath at 30 �C. The reaction suspension was
prepared by mixing H2O2 (20 mM), LDH or Fe(III)
SB-LDH (0.025 g), and 5 mL of 4-nitrophenol (4-NP)
(10 mg/L). The sample was withdrawn in 10 min,
filtered immediately with cellulose filter paper
(0.2 mm), and analyzed. Experiments were conduct-
ed at different pH; the initial pHs of 4-NP solutions
were adjusted with 0.1M NaOH or 0.1M HCl for
parametric optimization studies. All the reactions
were carried at the initial pH of the solution and pH
after addition of other reactants was not recorded.
To evaluate the reusability of Fe(III)SB-LDH, the

experiment was carried out in a 100 mL glass bottle
with 3.0 g of Fe(III)SB-LDH at a temperature of 30 �C.
The experimental mixture was prepared by
combining 25 mL of 4-nitrophenol solution (10 mg/L)
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with 25mLofH2O2 solution (20mM). The initial pHof
the solution was measured to be 6.0, and as this value
was deemed suitable for the desired reaction condi-
tions, no further addition of acid or basewas required.
The reaction proceeded without any subsequent pH
adjustments. Thismixturewas thenplaced in a shaker
for 10 min. After shaking, the mixture was filtered,
and the catalyst was subsequently dried andweighed.
The entire procedure was repeated four times.

2.3.2. Determination of degradation products
The qualitative analysis of degradation products

was analyzed on high-performance liquid chroma-
tography (HPLC) (Thermo Scientific ultimate 3000)
equipped with a C18 (150 mm � 4.6 mm, 3 mm) and
a diode-array detector (DAD). The methanol and
water (70:30, v/v) was used as mobile phase at a
constant flow rate of 1 mL/min, the column tem-
perature was 40 �C. The detection wavelength was
320 nm for nitrophenol whereas a 3D diode-array
scan was used to identify peak maxima and UVeVis
spectra for degradation products.

2.4. Characterization technique of Ni/Al-LDH and
Fe(III)/SB-LDH

LDH and Fe(III)SB-LDH were characterized by
different techniques such as Fourier transform
infrared spectroscopy (Thermo Scientific Nicolet
TM iS10) to determine the functional groups of the
material using a wavenumber of 400e4000 cm�1

under ATR mode. Scanning electron microscopy
(SEM) and X-ray diffraction analysis (XRD) were
performed by Bruker-D2 phaser diffractometer,
with CuKa radiation (l ¼ 1.5418 Å) with an oper-
ating voltage of 30 kV and operating current of
10 mA. The BrunauereEmmetteTeller (BET) anal-
ysis was used to determine the surface area and
pore size of the prepared material (Autosorb-1
Quantachrome, AsimQwin). Samples were
degassed under vacuum at 150 �C for 24 h before
the measurement. The pore size distribution of
prepared material was determined by the BJH
(BarretteJoynereHalenda) model. Determination of
4-nitrophenol for parametric optimization was con-
ducted by a double-beam UVevisible spectropho-
tometer (Agilent carry 100).

3. Results and discussion

3.1. Catalyst characterization

3.1.1. Functional group determination
FT-IR spectra of Fe(III)SB, and Fe(III)SB-LDH are

shown in Fig. 1.

In the spectrum of Fe(III)SB (Fig. 1a), the charac-
teristic band at 1620 cm-1 shows stretching due to
C¼N of the imine group, 1683 cm�1 for C¼O
stretching, 1384 for free nitrate ions, and 3351 due to
the presence of water molecules [11,12]. The
1384 cm�1 absorption band due to stretching of
NO3

- in Fe(III)SB modified LDH spectrum (Fig. 1b)
shifted to higher wavelength in Fe(III)SB-LDH of
1395 cm�1 [13]. The band at 2987 cm�1 in Fe(III)SB-
LDH is due to CH stretch. In LDH the bands at
450 cm�1 and 664 cm�1 can be attributed to O-M-O
and MOH stretching respectively [14]. The bands in
Fe(III)SB-LDH shifted to higher wavelength i.e.,
454 cm�1 and 743 cm�1 after incorporation of Fe(III)
SB in LDH. The spectral bands observed at fre-
quencies lower than 750 cm�1 are associated with
lattice vibration modes that correspond to M�O
(M ¼ Al, Ni) in the LDH sheets [15].

Fig. 1. FT-IR spectra of (a) Fe(III)SB (b) Fe(III)SB-LDH.
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3.2. Surface morphology

SEM images of LDH and Fe(III)SB-LDH are
shown in Fig. 2. The SEM images (Fig. 2) of pure Ni/
Al-LDH suggest the formation of agglomerated
structures that overlap or pleated with each other. It
resembles earlier reported structures of LDHs [16].
The topography of Fe(III)SB-LDH (Fig. 2) shows the
agglomerated pleated LDH layers are sheathed with
Fe(III)SB. The results indicate successful compos-
iting of the two materials.

3.2.1. Crystal structure
The diffractogram, shown in Fig. 3, depicts that

NieAl LDH has main hydrotalcite peaks that
appeared at 2Ɵ equal to 11.20, 22.68, 29.06, 35.06,
38.42, 44.71 and 60.66 equivalents to (003), (006),
(101), (009), (012), (015) and (018) diffraction planes,
respectively. These peaks show that the material is a
crystalline, layered structure with rhombohedral
symmetry and represent all the reflections reported
by Wang et al. [17]. However, the intensity of peaks
varies which in turn depends upon the synthesis
process and post-treatment. For example, a paper

Fig. 2. SEM images of AleNi LDH (A) and Fe(III)SB-LDH (B).

Fig. 3. XRD diffractogram of LDH and Fe(III)SB-LDH.
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[18] reports AleNi LDH where reflections are
observed at characteristics 2q values but a reflection
(003) at 2q value of 11.20 was the only intense peak.
This suggests that NieAl LDH can represent re-
flections with variable intensity. Hence it confirms
that the synthesized material under this study is
NieAl LDH. Furthermore, the peak appears at 2q of
29.06 with a diffraction plane of 101 does not relate
with LDH reflections, may be attributed to the
presence of NiO [19]. However, peaks for Fe(III)SB-
LDH appear at 2Ɵ equals to 27.99, 30.43, 31.86, 41.91,
49.39, 55.25, and 59.89 equivalents to (110), (006),
(113), (116), (300), (1010), and (220) which is signifi-
cantly different then pristine LDH. This may be
explained that during exfoliation using formamide
and heat treatment (70 �C) for 72h, it is observed
that the (003) moves to greater angles, indicating a
decrease in the interlamellar space [20] and other
peaks diminished. This confirms that the LDH
exfoliated phase agglomerated with Fe-SB and lost
its ordered layered structure. This kind of behavior
is reported in literature. Usually, there are two types
of nanocomposites depending upon the dispersion
of clay particles. The first type is an intercalated
guest substance/clay nanocomposite, which consists
of well-ordered clay multilayers. In these nano-
composite samples, the extent of guest penetration
is not sufficient to delaminate the ordered structures
and guest substances reside in layers. The second
type is an exfoliated guest substance/clay nano-
composite, in which there is a loss of ordered
structure due to the extensive penetration of guest
substance into the layers [21]. In this study, LDH
forms an exfoliated nanocomposite with Fe-SB
resulting in the loss of layered structure as evi-
denced by XRD of composite. This aggregated
behavior is also supported by SEM images (Fig. 2).
The miller indices (hkl) values (Table-1) were

determined utilizing X'Pert HighScore plus. The
basal d-spacing value decreases from 7.89 Å for
LDH and 3.18 Å, respectively. Basal spacing is
calculated by Bragg's equation.

d¼ l

2 sin q

Here, d is basal spacing, q is the diffraction angle,
and l is the wavelength.

3.2.2. Porosity measurements
N2 adsorptionedesorption isotherms of Ni/Al

LDH at 77K are explained in Fig. 4 (a) and (b).
LDH shows typical type II isotherm with H3

hysteresis loop as described by IUPAC classification
[22]. This type of isotherms is given by non-rigid
aggregates of plate-like particles (e.g., certain clays)

but also if the pore network consists of macropores
that are not filled with pore condensate. A similar
type of pore structure is reported earlier,
mentioning that inter-lamellar pores are not
assessable by nitrogen. The porosity obtained by
nitrogen adsorption porosimetry explains external
pores only [23]. However, Fe(III)SB-LDH shows
merged two types of isotherm. The first half of the
isotherm resembles the H4 hysteresis loop whereas
the second half indicates the H5 hysteresis loop
pattern. H4 indicates the filling of micropores in the
aggregated crystals whereas H5 is associated with
certain pore structures containing both open and
partially blocked mesopores. Furthermore, BJH pore
size distribution desorption curves for the two ma-
terials were also different. The change in isotherm
pattern indicates that Fe(III)SB induces a significant
change in the morphology of LDH as evidenced by
improved surface area and narrow pores, therefore
the composite is expected to behave differently.
The porous properties and surface area of the

material are summarized in Table-2 and Fig. 5. It is
seen that the MBET surface area and pore volume of
LDH is 3.05 m2/g and 0.007 cc/g, respectively. The
MBET surface area and pore volume of Fe(III)SB-
LDH were 6.561 m2/g and 0.003 cc/g. A decrease in
pore diameter and pore volume is attributed to the
possibility of incorporation of Fe(III)-Schiff's base
into LDH while the surface area increases.

3.2.3. Thermogravimetric analysis (TGA)
TGA analysis confirms the modification of LDH to

Fe(III)SB-LDH as shown in Fig. 6. In the TGA curve,
the weight loss was 11.45% below 200 �C for LDH
whereas for Fe(III)SB-LDH it was 27.61% which may
be related to the loss of physiosorbed water mole-
cules and alcohol moieties on the surfaces of LDH

Table 1. The XRD data of LDH and Fe(III)SB-LDH.

Peak
position

Diffraction
plane value
(hkl)

Compound Basal spacing
with adjacent
peak (Å)

h k l

11.20 0 0 3 LDH 7.89
22.68 0 0 6 LDH 3.91
27.99 1 1 0 Fe(III)SB-LDH 3.18
29.06 1 0 1 LDH 3.07
30.46 0 0 6 Fe(III)SB-LDH 2.93
31.87 1 1 3 Fe(III)SB-LDH 2.80
35.06 0 0 9 LDH 2.55
38.42 0 1 2 LDH 2.34
41.91 1 1 6 Fe(III)SB-LDH 2.15
44.71 0 1 5 LDH 2.02
49.395 3 0 0 Fe(III)SB-LDH 1.84
55.255 1 0 10 Fe(III)SB-LDH 1.66
59.89 2 2 0 Fe(III)SB-LDH 1.54
60.66 0 1 8 LDH 1.52
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and Fe(III) Schiff's base modified LDH. The weight
loss of 21.4% and 22.39% was observed for LDH and
Fe(III)SB-LDH, respectively in the temperature
range of 200e300 �C which are ascribed to the
elimination of acid dopant [24,25]. The third weight
loss process starts at around 450 �C, and it is
attributed to the thermal decomposition of LDH
(7.97%) and Fe(III)SB-LDH (9.233) [26].

3.3. Application of Fe(III)SB-LDH catalyst for
oxidative removal of 4-nitrophenol

Oxidation of 4-nitrophenol using H2O2 is reported
which is influenced by chemical conditions of the

reaction medium. The influencing factors for the
oxidation of 4-nitrophenol are pH, catalyst dose,
concentration of 4-nitrophenol, and reaction time,
which are studied. The findings suggest that 99% of
4-nitrophenol (10 mg/L) degrades at a pH value of 6
and catalyst-to-volume ratio of 1:20 in just 5 min
using 20 mM H2O2 as oxidant. Phenomenal
improvement in catalyst efficiency can be attributed
to Fe-Schiff's base modification. Details of the
contribution of various parameters on the catalytic
performance of LDH and modified LDH are given
below.
It is known that the Fenton type reactions which

utilize a catalyst and H2O2 are pH-dependent [27].
In this study, we examined the impact of pH on the
degradation of 4-NP using LDH and Fe(III)SB-LDH/
H2O2 system across a pH range of 2e10. The results
displayed in Fig. 7a indicate that the degradation
efficiency for LDH and Fe(III)SB-LDH is 99% at pH
2. It is noteworthy that for LDH, the degradation
efficiency improves at pH 2 but then declines dras-
tically at 8 and 10, with values of 42% and 26%,

Fig. 4. N2 adsorptionedesorption isotherm (a) LDH and (b) Fe(III)SB-
LDH.

Table 2. The porosity data of LDH and Fe(III)SB-LDH obtained by
nitrogen adsorption porosimetry.

Sample
name

Surface
area (m2/g)

Pore
diameter (nm)

Pore
volume (cc/g)

LDH 3.059 17.548 0.007
MLDH 6.561 4.728 0.003

Fig. 5. N2 adsorption porosimetry data. a) LDH and b) Fe(III)SB-LDH
Graph between cumulative pore volume vs pore size.
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respectively. However, for Fe(III)SB-LDH, the
degradation efficiency does not decline abruptly.
Similar studies are reported by Nguyen et al. on
NiCo-LDH which exhibited high efficiency for the

degradation of RhB dye, achieving a degradation
rate of up to 96.7% in both acidic and neutral envi-
ronments. However, its performance significantly
declined in a basic environment, dropping to 69.6%
[28]. The findings align with other studies as well
[29,30]. In previous studies, Jawad et al. observed a
degradation efficiency of 98% for phenol at a broad
pH range of 5e12 [31] using copper nanoparticles
and LDH composite catalysts.
This indicates that LDH not only hosts the active

materials but also changes the microenvironment
and pH-dependent activity of the catalysts. The
degradation of 4-nitrophenol (4-NP) at different
concentrations (2.5, 5, 10, 20 and 25 mg/L) of 4-NP
were optimized. As shown on Fig. 7b, Fe(III)SB-LDH
can degrade 4-NP up to 99% at 10 mg/mL concen-
tration in 5 min. However, the degradation effi-
ciency decreases by increasing the concentration to
79% at 20 mg/mL and 72% at 25 mg/mL. It is because
when the excess amount of 4-NP reacts with a fixed
number of free radicals/active sites, the increasing

Fig. 6. TGA and DTA curve of LDH and Fe(III)SB-LDH.

Fig. 7. Influence of pH on degradation efficiency of 4-NP (Conc: ¼ 10 mg/L, H2O2 (20 mM) ¼ 5 mL, shaking time ¼ 10min. T ¼ 30 �C) (a); Influence
of concentration on degradation efficiency of 4-NP by LDH and Fe(III)SB-LDH (H2O2 (20 mM) ¼ 5 mL, shaking time ¼ 10min. T ¼ 30 �C) (b);
Influence of Solution volume: catalyst dose on degradation efficiency of 4-NP (Conc: ¼ 10 mg/L, H2O2 (20 mM) ¼ 5 mL, shaking time ¼ 10min.
T ¼ 30 �C) (c) and; Influence of time (min) on degradation efficiency of 4-NP (Conc: ¼ 10 mg/L, H2O2(20 mM) ¼ 5 mL, T ¼ 30 �C) (d).
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competition between 4-Np and free radicals nega-
tively affects the degradation efficiency of Fe(III)SB-
LDH.
The performance of LDH and Fe(III)SB-LDH were

also investigated using a ratio of volume (mL) to
different amounts of catalyst (mg) (1:1 (10 mL:10mg/
0.01g), 1:5 (10 mL:50mg0.05g), 1:10 (5 mL:50mg/
0.05g) and 1:20 (10 mL:200mg/0.2g)) at fixed amount
of H2O2 (20 mM) (Fig. 7c). The results showed that
Fe(III)SB-LDH at 1:1 has higher degradation effi-
ciency than LDH and the degradation of 4-NP to
98% in 5 min. From the results of Fe(III)SB-LDH, it is
shown that the degradation efficiency is in equilib-
rium, the competitive consumption of radicals may
cause adverse effects, and with excess amount of
catalysts and diffusion limitation phenomenon
[32,33]. The results showed that H2O2 without a
catalyst could only give a degradation efficiency of
36.82% of 4-NP. The effect of reaction time (5, 15, 30,
45, and 60 min) on LDH and Fe(III)SB-LDH/H2O2

was shown in Fig. 7d. The higher degradation effi-
ciency i.e., 98% of 4-NP achieved in 5 min by Fe(III)
SB-LDH and gets equilibrium.

3.3.1. Degradation products of 4-NP using Fe(III)SB-
LDH catalyst
An oxidative pathway for 4-NP by a process can

be suggested based on the identification of in-
termediates. There are two different ways that 4-NP
can be initially oxidized. In the first route, NO2 is
released during the formation of hydroquinone and
1,2,4 trihydroxylbenzene, which is then followed by
ring cleavage oxidation to produce nitrogen-free
small molecule compounds. The second process
involves the formation of 4-nitrocatechol and 4-

nitropyrogallol, which are then subjected to ring
cleavage oxidation to produce certain nitrogenous
chemicals. It should be noted that hydroquinone
and benzoquinone are in equilibrium in aqueous
solution [34,35]. In addition, when hydroxyl radicals
are present, hydroquinone is easily converted to
benzoquinone which may therefore function as an
intermediary in the degradation of 4-NP. Further-
more, when a hydroxyl radical hits various locations
on the benzene ring and initiates various oxidation
pathways, hydroxylated molecules of 4-NP are
created. In the presence of the electron-donor
group, OH in the benzene ring at the ortho- and
para-positions of 4-NP are vulnerable to attack by
the electrophilic reagent �OH. Henceforth, when
�OH radicals interact with 4-NP, reactions are set off
that result in hydroxylated compounds via deni-
tration or an H-abstraction process. Because the
NO2 group is easily removed, 4-NP will easily
oxidize to hydroquinone with the removal of the
nitro group occurring simultaneously. The subse-
quent oxidation of hydroquinone results in the for-
mation of 1,2,4-trihydroxybenzene as well, which is
then followed by ring cleavage and final minerali-
zation. In addition to free radical derived degrada-
tion, an alternate mechanism for degradation of
phenol involving singlet oxygen species (1O2) is also
reported [36]. The 1O2 is produced using bimetallic
Mo and Ni Co-doped g C3N4 composite catalyst
where reaction proceeds as Fenton-like degradation
process promoted by non-free radical 1O2. The re-
action showed high degradation efficiency in a wide
pH range. The formation of 1O2 in the presence of
Fe(III) Schiff base complex and H2O2 is also re-
ported [37].

Fig. 8. UPLC chromatogram of 4-nitrophenol solution without treatment (a) and after treatment with Fe-(III) SB-LDH catalytic system (b and c)
degradation.
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To understand the degradation mechanism in this
study, the reaction products were identified by
running the standard 4-nitrophenol and the reaction
mixture after oxidation on HPLC connected with a
diode array detector. Fig. 8a shows the chromato-
gram 4-nitrophenol at a detection wavelength of
320 nm where the peak was observed at 15 min
elution time. After adding Fe(III)SB-LDH, no peak
was observed at tR of 3.77 min at 320 nm but two
peaks appear at 270 and 294 nm which correspond
to peak maxima of 1,2,4-trihydroxy benzene and
benzoquinone [38,39]. Therefore, it may be sug-
gested that 4-nitrophenol is converted to these two
products. Henceforth, it may be safely assumed that
the reaction is Fenton-like in nature. However, more
studies are needed to confirm the pathway for the
degradation of 4-nitrophenol.

3.4. Catalytic reusability

It is important to know the stability of heteroge-
neous catalysts for possible repeated applications.
To address this issue, reaction cycle tests were
performed. At the end of every run Fe(III)SB-LDH
was filtered, washed, and reused. 4-NP removal
dropped in fourth run to 78% for Fe(III)SB-LDH
(Fig. 9). Recovery amount of Fe(III)SB-LDH after
every run is shown in Table 3 which shows that
catalyst loss of Fe(III)SB-LDH after reusing reaches
20% on fifth cycle. This shows that loss of efficiency
in the catalytic degradation of nitrophenol may be
due to the loss of the catalyst during use-filter-use
cycles and not due to inaccessibility or active sites.

3.5. Leaching from catalyst

Leaching is the process by which the active com-
ponents of a solid material are released and trans-
ferred into a liquid medium, leaching to the

eventual deactivation of the catalyst. The leaching of
active phases poses significant challenges due to its
irreversible nature, making it a major contributor to
catalyst deactivation in liquid environments. As
Fe(III)SB-LDH is layered within LDH there may be
the chance of leaching. Therefore, it is important to
check the leaching of components from catalysts.
Henceforth, possible leaching of composited Fe(III)-
Schiff's from composited catalyst was carried out by
taking UVeVis spectra of its aqueous extract and
compared with solution pure Fe(III)-SB. the absence
of a peak in aqueous extract indicated that there is
no leaching of Schiff's base from Fe(III)SB-LDH.
This observation provides evidence that no harmful
substances were released during the reaction.

4. Conclusion

In this work, an environmentally friendly efficient
catalyst based on a composite of Fe-Schiff's base and
layered of double hydroxides of aluminum and
nickel (hydrotalcite) has been successfully prepared.
Fe(III) SB-modified LDH had a larger surface area
and narrower pores, which led to enhanced catalytic
efficiency. XRD analysis confirmed the crystalline,
layered structure with rhombohedral symmetry, for
modified LDH a decrease in interlamellar space was
observed. 4-nitrophenol degradation of 99% was
achieved within contact time of 5min. The composite
showed better efficiency in the whole pH range
which makes it suitable for real world applications.

Funding

The work does not involve any data that requires
ethical approvals.

Acknowledgment

The authors are thankful to the Higher Education
Commission (HEC), Islamabad, for providing funds
under the NRPU program (No. 8100) to conduct this
research work. The authors are also Thankful to the
Scientific and Technological Research Council of
Türkiye (Türkiye Bruslari) for funding students to
conduct part of the work.

Fig. 9. Reusability graph for Fe(III)SB-LDH 4-NP (3.0 g of Fe(III)SB-
LDH, Conc: ¼ 25 mL (10 mg/L), H2O2 (20 mM) ¼ 25 mL, shaking
time ¼ 10min. T ¼ 30 �C).

Table 3. Fe(III)SB-LDH reusability test and its recovery amount for 4-
NP degradation.

Runs/Cycles Fe(III)SB-LDH
Amount/Yield (g)

Loss of
catalyst (%)

Fresh 3.00 e

1st 2.97 1
2nd 2.73 9
3rd 2.42 19
4th 2.38 20
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