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éBSTRACT

Keywords: The magnetically separable nanocomposite of y-FezOs/montmorillonite (y-FeaOs/Mt) has been synthesized by a
Adsorption hydrothermal method. The as-obtained nanocomposite is composed of a single phase of y-Fes03 nanoparticles
Clay . homogeneously dispersed in a montmorillonite structure with high photocatalytic activity for rhodamine B
ﬁfo‘ir:c:;lyﬂc photodegradation. Physicochemical characterization revealed particle sizes ranging from 10 to 30 nm with a

band-gap energy of 2.3 eV. This study reveals a significant contribution of the adsorption mechanism to the

degradation mechanism. The nanocomposite could be easily separated and reused by magnetic separation owing
to its magnetism of 22 emu,/g. The nanocomposite is also reusable without any chemical change until five cycles.

1. Introduction

Organic compound-containing wastewater is a serious problem in
many industries that require emerging technology for removal. The
persistence properties of organic compounds bring potential damage to
aquatic environments and cause the accumulation of vast environmental
problems, which must raise concerns before allowing their discharge to
the environment [1,2]. Organic compounds classified as dyes, especially
azo dyes, are considered serious and harmful contaminants character-
ized as biologically toxic (carcinogenic, mutagenic, and teratogenic),
irritants, and infectious. The textile, printing, paint, and pharmaceutical
industries highly consume these dye compounds; unfortunately, more
than 15% of the consumed amount is discharged into wastewater [3].
Evidently, these dyes are the major pollutants from many industries and
are clearly major hazards to groundwater. Rhodamine B (RhB) is a sig-
nificant and well-known basic xanthene dye that is a major ingredient in
the above-mentioned industries. The discharge of RhB-containing
wastewater is a serious threat to the environment, even at low concen-
trations in water; thus, it is a representative target organic pollutant for
photocatalytic efficiency examination.

* Corresponding author.
E-mail address: isfatimahi@uiiac.id (I. Fatimah).
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Heterogeneous photocatalytic oxidation, as part of the advanced
oxidation process (AOPs), has proven to be a promising technology for
organic-containing water. Its removal mechanism, which includes
oxidation, for the target compound is advantageous over the use of
adsorption technologies [4.5]. The method depends on the photo-
catalytic activity of semiconductor photocatalysts, and its reusability
and recyclability are value-added characteristics of the technology.

Adsorption capability, stability, easy separation, and high photo-
activity in the visible range are the significant properties required for
materials to be used as photocatalysts [6]. Recent studies showed that
adsorption capability of the photocatalyst is the important function in
photocatalysis mechanism, and based on this, semiconductor immobi-
lized onto porous material is ideal for the mechanism due to the surface
area availability [7.8]. The development of nanomaterials with mag-
netic photocatalysts involves a combination of these properties and has
been described as an efficient method for improving the effectiveness of
the photocatalytic oxidation process [9-11]. Iron oxide-based magnetic
nanoparticles are well known magnetically separable materials, and
their combination with supportive solids with high porosity and chem-
ical stability has received great attention. o-Fes03, y-FesOs, and Fes04
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Fig. 1. XRD pattern of materials.

have been widely studied as magnetic active nanoparticles; within this
scheme, nanocomposite development using silica-, carbon-, and clay-
based materials has been attempted [12]. The swelling capability and
modifiable properties of their chemical structures cause clay materials to
produce homogeneously distributed magnetic nanoparticles. Surface
properties potentially contribute to this activity via an adsorption
mechanism [13-15]. In this work, dispersed y-Fe,0; nanoparticles in
montmorillonite (Mt) clay support were prepared. The aim of the pre-
sent work was to determine the characteristics of materials and the
photocatalytic features for the photocatalytic degradation of RhB in
aqueous solutions as a model pollutant. In addition, this study provides
mechanistic insight into adsorption and photocatalytic properties,
especially with magnetically separable characteristics.

2. Materials and methods
2.1. Materials

The Mt used in this work was obtained from Pacil:an,st Java,
Indonesia. The material was previously washed with water, dried in an
oven, and ground to a size of 200 mesh before use. The cation exchange
capacity of the material was 69 meq/g. Chemicals consisting of FeCls,
RhB, NaOH, ethylene diamine tetra acetate (EDTA), isopropanol, and
H302 were purchased from Merck (Darmstadt, Germany).

40000
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2.2, Preparation of nanocomposites

First, dispersed y-Fes03 nanoparticles in Mt (y-Fes03/Mt) was pre-
pared using a Mt suspension, by dissolving Mt powder in water at a
concentration of 10% wt. An iron oxide precursor was prepared, refer-
ring to the previous syntheses of y-Fe,04 nanoparticles (y-Fe,04 NPs) by
dissolving FeCly-6H,0 and Fe$0,4-7H,0 with a Fe**/Fe?* molar ratio of
2:1 in double distilled water [16]. The precursor solution was continu-
ously stirred before it was mixed with the Mt suspension at a theoretical
percentage of Fe of 10% wt, followed by stirring for 1 h. Into the
mixture, the NaOH solution was added slowly and then poured into a
Teflon-lined autoclave and kept at 150 “C overnight. The obtained
precipitate was dried in an oven at 100 °C and further calcined at 200 °C
for 4 h to obtain powder samples, which were designated as y-Fe,0q/Mt.

For comparison, y-Fe,04 was also synthesized using the same pre-
cursor, hydrothermal treatment condition, and calcination temperature
with the synthesis of y-Fey03/Mt, but without dispersion into a clay
suspension.

2.3. Material characterization

The physicochemical properties of the samples were characterized
using field emission-scanning electron microscopy (FE-SEM), trans-
mission electron microscopy (TEM), X-ray diffraction (XRD), X-ray
photoelectron spectroscopy (XPS), gas sorption analysis, ultraviolet
diffuse reflectance spectrophotometry (UV-DRS), and Fourier transform
infrared. A Phenom X instrument (US) was used for SEM analysis, while
TEM images were_taken using a JEOL TEM 2010 transition electron
microscope oper: at an applied voltage of 200 kV. The XRD of
XPERT-PRO with a Ni-filtered Cu Ka radiation (4 = 0.154060 nm) was
used for analysis at a range of 2-70°. The Thermo Nicolet Avatar system
(Madison, USA) was used to examine the changes in the surface func-
tional groups of the materials, while the XPS was performed on a V.G.
Scientific ESKALAB MEKII instrument. Monochromatic Al K, radiation
with a photon energy of 1486.6 + 0.2 eV was used for analyses. Before
analysis, approximately 0.2 mg of sample was slightly pressed into a
small pellet of 15 mm in diameter and then mounted on the sample
holder for degassing for 4 h to achieve a dynamic vacuum of < 10~° Pa.
A vibration sample magnetometer (VSM)-BHV-5 (Japan) was used for
the magnetism of the composite.

2.4. Adsorption and photocatalytic experiments

3

The adsorption experiments were conducted in a batch adsorption
system using a horizontal shaker. The experimental setup for the pho-
tocatalytic activity measurements included a 40-W xenon lamp-
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Fig. 2. XPS spectra of y-Fez05 /Mt (a) survey scan (b) Fe 2p spectrum.
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Fig. 3. SEM-EDX of materials.

equipped batch photoreactor. The entire photoreactor system was
maintained at room temperature using a water cooler. For each photo-
catalytic activity test, the photocatalyst powder was mixed with the dye
solution with stirring and light sure. Samples from the adsorption
and photocatalyticéiv ity tests were collected at a certain time, and the
EhB concentration was determined using the colorimetric method with a

010 UV-visible spectrophotometer (Hitachi, Singapore). The
degradation efficiency (DE; %) in the photocatalytic activity test was
calculated using Eq. (1).

G- G

DE(%) = =

1100 (1)

where C, and C; are the initial RhB concentration and concentration
of RhB at the sampling time t.

To ensure the degradation mechanism, experiments on effect of
scavenger to the kinetics of RhB degradation was also performed. High
performance liquid chromatography (HPLC) on Agilent 1260
(Singapore) was employed for analysis. Analysis was performed on the
condition: analytical C81 column as stationary phase, mobile phase of
acetonitrile:phosphate buffer pH 3.5 (1:1), ambient temperature
(28-32 °C), flow rate 1.2 mL/min.

3. Results and discussion
3.1. Material characterization

Physically, y-Fez03/Mt was prepared in the form of black powder
and easily attracted by the magnet field. Fiz. 1 shows the XRD profile of
the materials. The Mt sample demonstrated peaks associated with the
structure at 5.59°, 19.69°, and 34.67°, which corresponded to the (001),
(211), and (004) planes, respectively, referring to JCPDS 43-0688
[17]. y-Fey04/Mt represents some peaks attributed to (220), (311),
(400),(422),(511), and (4 40), which are in agreement with the values
of the standard data (JCPDS no. 4-755) [ 18-21]. In addition, the (001)
and (211) planes are still maintained in the same position, reflecting no
such increase or decrease in the basal spacing dpp of the interlayer
structure. The peak associated with quartz as an impurity disappeared.
By using the Scherer formula for the (311) plane, the particle size of
y-Fez03 was estimated at approximately 23.6 nm [22].

The obtained single phase of y-Fez03 in the composite was mainly
related to the easy dispersion of Fe(IlI) ions within the interlayer space
of Mt due to the cation exchange capacity of Mt. We can also conclude
that the optimum sintering temperature for producing the y-Fe,04 phase
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Fig. 4. (a-¢c) TEM image of y-Fe;03 /Mt (d) particle size distribution of y-Fe;03 in the composite.
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Fig. 5. (a) UV-DRS, and (b) PL spectrum spectrum of y-Fe»03 /Mt

is 400 “C. Meanwhile, other possible phases such as Fe;0,4, u-Fe,04, and
e-Fey04 can be formed via the following reaction steps [23]:

Fe'* + 30H™ « Fe(OH)ys,

Fe(OH)y, + HY + e «» FesOyy + SH,0
2Fes04 + 1 207 —— 3(y — Fea03)
2Fe;04 + 1 202 —— 3(a — Fe03)

The surface composition of y-Fe,04/Mt was further demonstrated
using XPS with the spectra presented in Fig. 2. The survey scan repre-
sents some peaks attributed to Si, Al, O, and Fe, indicating the major
composition of the composite. In addition, the low-intensity peak at 400

eV is the characteristic peak of Na 1 s, which is consistent with the
naturally occurring Mt structure. The deconvolution of the Fe 2p spectra

ibits two appearing peaks at 723.7 and 710.3 eV, respectively, which
are attributed to Fe 2py,» and Fe 2py,2, respectively [24-27]. No signal
or shoulder representing the presence of the Fe>™ ion, which usually
exists at approximately 708 eV, was observed. This confirmed that the
addition of the shakeup satellite peak occurred at 719.4 eV when no
Fe’* ion was found, consistent with the XRD pattern.

The effect of the y-Fe,04 nanoparticle dispersion on the morphology
was investigated using FE-SEM. The SEM images in Fig. 3c depict
different surface patterns in which y-Fe,04/Mt shows dispersed irreg-
ular forms of y-Fe,04 on the surface (as marked in the yellow dashed
circles). With higher magnification, the rounded cubic and irregular
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Fig. 6. a. Adsorption/desorption profile (b) Pore size distribution of y-Fe;05 /Mt in comparison with Mt and y-Fe»0s

spherical forms are confirmed. Further structural identification using
TEM and high-resolution (HRTEM) revealed that the particle size ranged
from 10 to 30 nm (Fig. 4d). These sizes are consistent with the calculated
particle size from the XRD measurement, which was close to 23.6 nm on
average. Furthermore, the HRTEM images of the irregular forms
exhibited the distances of the adjacent lattice fringes, with an average of
0.21 nm, indicating agreement with the interplanar distance of the
y-Fez03(311) space, in reference to JCPDS, Ref. Code: 024-081 [25,28].

With respect to their photocatalytic application, the optical proper-
ties of the composites were identified using UV-DRZand photo-
luminescence spectrum measurements. The Tauc plot of photon energy
(hy) against the (ohv)? curve based on the Kubelka-Munk theory of
materials is presented in Fig. 5. Conclusively, the plots show that the E,
of y-Fes03/Mt is 2.23 eV. This value is higher than the band-gap values

of y-Fe,0y nanoparticles that were nepaed in previous articles, in
which the synthesized y-Fe,0 expressed a band gap of 2.03 eV [2225].
The increasing band-gap energy is related to the smaller particle size due
to the quantum size effect and/or crystallite defect. A similar phenom-
enon was found in the dispersion of y-Fes0O3 into porous Ni and in the
composite of y-Fes03/b-TiOz [29,30]. The narrow band-gap energy
extends the photoresponse to visible-light and near-infrared regions,
which is the benefit of the low-cost photocatalytic system [31,32].

Furthermore, the PL spectrum for y-Fe,04/Mt ranged from 350 to
700 nm (Fig. 5b). The excitation peaked at around 426 and 659 nm, and
the peak at 659 nm was attributed to the 6A1 — 4 T1(4G) ligand field
transition of Fe**. The data represent the condition that leads to the
capability of composites to interact with photons in the UV and visible
regions [33,34].
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Fig. 7. (a). Kinetics of RhB adsorption using y-FezO3 /Mt (b). Kinetics of RhB adsorption using Mt (¢). Kinetics of RhB adsorption using y-Fe;05 (d) Pseudo-second
order plots of RhB adsorption using y-Fes05 /Mt (e). Freundlich isotherm plots of RhB adsorption using y-Fe;O5 /Mt and Mt
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Table 1
caleulated parameters from kinetics studies.
Pseudo-first-order
Kinetics parameter
R* k Qe (mg/g)
-FeaOa 0.897 1.06 x 107 5.55
1-FeaOy /Mt 0.944 255 x 102 48.8
Mt 0.997 246 % 107 15.4
Pseudo-second-order
R k Qe
1-FeaOy 0.977 118 » 107 5.68
1-FeaOy /Mt 0.997 2.08 x 10° 47.64
Mt 0.704 3.06 x 107 9.86
Intra-particle diffusion
R ks [
1-FeaOy 0.706 0.23 0.48
1-FeaOy /Mt 0.991 3.00 0.35
Mt 0.900 0.60 111
Table 2
Caleulated isotherm parameters.
Adsorbent Freundlich Isotherm Langmuir Isotherm Par
parameters
Ke(L/g) 1m  R? G Ky (L/ By R2
(mg/g)  mg)
-FeaOa 0.65 067 0977 7.89 4.1 0971  0.974
-3
x10
-FeaOa 115370 0.39 0995  45.08 7.8 0999  0.965
/Mt X102
Mt 418.29 045 0991 2623 3.8 0991 0573
X102

Fig. 6 shows the adsorption-desorption profile of y-Fes0s/Mt in
comparison with Mt and the compared pore distributions. The plots
demonstrate the increasing adsorption capability of Mt after modifica-
tion by y-Fe,04 dispersion. The calculated parameters based on the
adsorption/desorption profile provided a specific surface area of 89.9
m?/g in y-Fe;04/Mt, which is higher than that of Mt (79.9 m?/g) and
y-Fes03 (24.6 m?/g). The specific surface area of y-Fey03 is similarly
with was reported in other previous works [35,36]. In this case, Mt plays
a role in supporting a specific surface area and porosity, which theo-
retically influences the adsorption mechanism. Similar phenomenon
was also occurred in the dispersion of y-Fez03 onto kaolinite [35]. The
increasing surface area parameter is consistent with the profile in that
the pore distribution also increased, mainly at the microporous struc-
ture. Based on the pore distribution pattern, which implied no change in
dominant pores, the average diameters of the pores were not signifi-
cantly different, 11.3 A in Mt and 11.8 A in y-Fes03/Mt.

A similar pattern was reported in a previous work on the dispersion
of Fe304 into Mt and the dispersion of SnO» nanoparticles [17,37]. The
increasing specific surface area in the composite generally represents the
homogeneous distribution of the dispersed materials.

3.2, Adsorption experiment

The adsorption experiments of RhB using y-Fe20s, y-Fea0s,/Mt, and
Mt were performed in a horizontal shaker at room temperature. The
kinetics of RhB removal using y-Fes03/Mt , Mt, and y-Fez03 are pre-
sented in Fig. 7a-7c. The plots indicate the significant improvement in
RhB removal by y-Fes03/Mt compared with Mt and y-Fes03. Basically,
the increasing adsorption was related to the specific surface area
enlarged by the composite formation. This was confirmed by the lower

Chemical Physics Letiers 792 (2022) 139410

adsorption rate and capacity over y-Fes03. The data shovn that the
kinetics of the adsorption was evaluated in accordance with Lagergren’s
pseudo-first order, Ho and McKay's pseudo-second order, and Weber
and Morris’ intraparticle diffusion models based on Egs. (2-4).

Inlg. —q.) = Ing. —kt (2)
1

. 3)

4 kag;  ge

g, =ka"* +C )

Bwhene (mg/g) is the amount of adsorbed metal ions at time t, g,
(mg/g) is a adsorption capacity, k (min!) is the first-order rate con-
stant, ky (g/mg min) is the second-order rate constant of adsorption
(min~ 1), and k; (mgmin'” z,fg) and C are the kinetic constant and con-
stant of the intra- le diffusion model, respectively [ 38,39].

The R? values of the calculated parameters listed in Table 1 show that
the pseudo-second-order kinetic model is the best fit for adsorption by
y-FeaOs/Mt and y-Fes03. Meanwhile, adsorption by Mt follows the
pseudo-first-order kinetics. From the Q, data from all adsorbents, it can
also be seen that adsorption capacity is in following order: y-Fe,04/Mt
= Mt = y-Fey04, suggesting the provided surface active for adsorption by
Mt as support. A synergistic effect of the increasing adsorption capacity
is in consistence with the increasing specific surface area. The plots of
pseudo-second-order from the adsorption using y-FesOs/Mt at varied
concentrations are presented in Fig. 7d. These data suggest that
adsorption by y-FezOs/Mt adsorbents is largely controlled by the
chemisorption mechanism rather than mass transport. This is in contrast
to the adsorption by Mt, for which the best fit is pseudo-first-order ki-
netics. Moreover, the adsorption capacity was enhanced either by the
pseudo-first- or pseudo-second-order kinetic model. Based on these ki-
netic parameters, the chemical interaction caused by the y-FesOs
dispersion in the Mt @&t face can be described.

The details of the adsorbate-adsorbent interaction were evaluated by
determining the adsorption isotherm using the Freundlich and Langmuir
isotherms. The equations used for the Freundlich and Langmuir models
were as follows (Egs. 4 and 5):

q. = K C" (4)
gu ki Ce

= Tl 5

=17 KC. ®)

where g, and g (mg/g) are the adsorption capacities of the adsor-
bent at the equilibrium and maximum values, respectively; Ce (mg/L) is
the concentration of the adsorbate in equilibrium; Kr and n are the
Freundlich constants related to the adsorption-desorption equilibrium,
Kj, (L/mg) is the Langmuir constant related to the energy of adsorption
an orption intensity [40.41].

The R; parameter from the Langmuir isotherm is represented as
follows (Eq. 6):

1

R = 6
I+ Ky {é

Table 2 lists the calculated isotherm parameters, and the fittest plot is
presented in Fig. 7e.

The R? values suggest that the Freundlich isotherm model is more
feasible than the Langmuir isotherm for adsorption by all tested mate-
rials. However, for RhB adsorption by y-FesOs/Mt, the R? value was
higher than that for the Langmuir isotherm. By contrast, adsorption by
Mt showed a better fit for the Langmuir isotherm. The Ky and K}, values
showed significant improvements in adsorption capability. Both con-
stants from y-Fe,Oy/Mt were twice the values from Mt, while the
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Fig. 8. Schematic diagram of RhB adsorption mechanism by y-Fe;05 /ML

Brunauer-Emmett-Teller (BET) surface area of y-FexOs/Mt was not
higher than twice the BET surface area value. This can be ascribed to the
role of dispersed nanoparticles in adsorption-active sites [42]. The
enhanced hydrophilicity, along with the presence of abundant negative
functional surface groups (—0 and — OH), is the most possible expla-
nation for the rapid adsorption of RhB. This assumption is justified by
the low zeta potential of y-Fe,04/Mt (pH 5.8) compared with that of Mt
(pH 6.8). A schematic representation of the mechanism can be seen in
Fig. 8.

3.3. Photocatalytic activity study

The photocatalytic activity of y-FeaO3/Mt is presented by the kinetics
of RhB removal at different initial concentrations (Fig. 9a). For each
experiment, a mixture of dye solution and photocatalyst powder was
first kept in the dark for 15 min with constant stirring. The stirring in the
dark was aimed to get adsorption equilibrium prior photocatalysis. The
plot shows that the degradation efficiency reached greater than 96% at
30 min and 99% at 60 min at all concentrations. The comparison of DE
values by photocatalysis over y-Fe,04/Mt and y-Fe,04 presented in
Fig. O9b suggest the similar DE at low RhB concentration (2-10 ppm), but
at increasing concentration y-Fes03/Mt was superior respect to y-Fez04.
The higher degradation is attributed to the contributing adsorption
mechanism which is more dominant in y-Fes0s/Mt. The contribution
adsorption in photocatalytic mechanism was also reported in the use of

BiOBr, FesO4@MoSs, and Fe(Ill)/montmorillonite [43-45]. The DE
values indicated that the y-FezOs/Mt had high efficiency, as also
demonstrated in the comparison with the DE values obtained from other
similar works listed in Table 3. The DE value obtained in this work was
higher than that of y-Fes03/5i02, which was 95% at the same duration
of 30 min, and that of Ag-Agl/Fes04@Si02, which was 95% at 1 h of
treatment [46-51].

3.4. Degradation mechanism

The identification of the degradation mechanism in photocatalysis in
comparison with the adsorption mechanism was performed using
UV-visible spectrophotometry and liquid chromatography coupled to
mass spectrometry (LCMS) analysis. The UV-visible spectra in Fig. 9b
and 9¢ represent a significant difference among the spectral changes
obtained by adsorption and the photocatalysis mechanism. Adsorption

roduced reduced absorbance spectra along with prolonged treatment
h‘le. From the photocatalysis treatment, not only reduced absorbance
but also the red shift of the characteristic peak of 556 nm was found. The
red at is characteristic of deethylation and decarboxylation. This is
also confirmed by the LCMS analysis presented in Fig. 10. The LC
analysis of the treated solution revealed some other peaks as proof of the
degradation products (Fiz. 10a). Besides the other peaks found in the
treated solution from C analysis (Fig. 10b), the treated solutions
exhibited fractions with m/z values of 359, 331, 181, 168, 146, and 128
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Fig. 9. (a) DE of photocatalytic degradation using y-Fe,05 /Mt at varied concentration (b) Comparison on DE by photocatalytic degradation using y-Fe;03 /Mt and
y-Fes05 (¢) UV-Visible spectral change by photocatalytic mechanism (d) UV-Visible spectral change by adsorption mechanism.

Table 3
RhB removal by various materials.
Material DE (%)  Remark Reference
wFes0y NPs Tiatl Particle size of aFe,0y is ranging at aq]
h 48-55 nm with the band gap energy
of 2.14 eV
-Fea04/510, a5 at The DE achieved by the photocatalyst 40]

30 min  dose of 0.8 g/L, silica was derived
from rice husk ash
BaTiO./MnO2 70at3  photodegradation of RhB in the
h presence of Mn02 -modified BTO
ceramics followed a psendo-first
order model a

Ag-Agly 95atl  The light source was a 250 W lamp,
Feqa0,@5102 h photocatalyst dosage of 0.1 g/L

Cu-Feq0y 928 at  The optimum degradation was
magnetic 1h achieved at pH —7 and 25 “C and the
nanoparticles rate constant of about 0.0256 min ',

NiMny 04 98 at The photocatalyst has the band gap
nanoparticles B0 min  energy of 3.0 eV

as degradation products. These spectra elucidate that the possible
degradation mechanism can be described using the following scheme
(Fig. 11):

These analyses are similar to the identification of RhB degradation
over other TiO,-supported activated carbons and SnO,/Mt [17].

To further determine how reactive species induce the degradation
mechanism, hole and hydroxy radical scavengers were added to the
photocatalytic system. To this, isopropanol (IPR) was added as the hy-
droxy radical scavenger, while the EDTA was added as a hole scavenger.
The effect of the addition to the degradation rate is depicted in the ki-
netic plots and the ulated initial rates presented in Fig. 12. Fig. 12a
and Fig. 12b show that the photodegradation rate was increased with
the addition of EDTA and decreased with the addition of IPR. In order to
reduce the interpretation on decreasing concentration caused by
adsorption pathway, the test on scavenger addition under light illumi-
nation was performed by previously treated by adsorption under dark
condition. The proof that the degradation mechanism occurred by var-
ied treatment, HPLC analysis was performed with the chromatogram
presented in Fig. 13, The chromatogram of initial RhB shows the single
dominant peak at 6.8 min as identity of RhB molecule. After was treated
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by varied condition, the chromatograms exhibit other peaks at less
retention time, associated with smallest molecular weight. It suggzest
that there was degradation of RhB structure as shown by other peaks in
all varied treated solutions for 30 min. The slower degradation rate by
IPR. addition was confirmed by the higher concentration of rest RhB in
the solution. Contrarily, the faster degradation by EDTA addition was
expressed by less intense RhB peak, along with some more intensive
peaks of degradation products. This phenomenon revealed the role of
the promoted separation of electron-hole pairs related directly to the
increased lifetime of electron-hole pairs. In addition, the trapping hy-
droxy radicals by IPR inhibited the propagation reaction @iing to their
consumption in further oxidation process toward RhB. These results
imply that the radicals were the pﬁom‘mant reactive species for the
photocatalytic degradation of RhB. A similar effect was reported for the
photocatalytic activity of FesOs nanoparticles [52] and BiFeO3 nano-
structures [53].
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3.5. Reusability study

Examination of reusability is an important evaluation for a photo-
catalyst to be applied on an industrial scale. The experiments were
conducted in five cycles based on the initial rate and DE achieved at 30
min. The photocatalysas recycled by filtering, washing using n-hex-
ane, and calcined for 200 °C after the completion of each cycle. The
easily separable property of the material is related to the magnetism
feature measured using the VSM analysis presented in Fig. 14a. The
magnetism plot shows that the y-Fe,03/Mt demonstrates specific mag-
netic saturation magnitudes of 22.7 emu/g. This value is less than the
magnetism of y-FexO3 NPs prepared from various experimental
methods, which ranged from 60 to 70 emu/g, representing the influence
of the non-magnetic properties of clay support. However, magnetism is
still applicable for magnetic attraction for easy separation with high
recoverability. The bar chart depicted in Fig. 14b shows that the
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photocatalytic activity achieved was quite stable, as confirmed by the
maintained DE at approximately 97-99% and the reduction of the initial
rate to < 10%. In addition, the stability of the photocatalyst was also
monitored by XRD measurement and XPS of the reused photocatalyst.
The spectra of Fe 2p presented in Fig. 14 ¢ suggest the insignificant
change of the material. No other reflection was identified in the recycled
photocatalyst, and no other peaks in the XPS profile were observed,
confirming that the single-ion species of Fe** were maintained.
Finally, the y-Fes03/Mt nanocomposite exhibited excellent proper-
ties in terms of visible-light activity, easy magnetic separation, stability,
and reusability, making it practically applicable in dye photo-oxidation.
Mt is an abundant, low-cost, naturally occurring material that will
contribute to the economic value of nanocomposites to be further

developed.
4. Conclusion

A nanocomposite of y-FezOs/Mt was successfully prepared using a
hydrothermal method. The nanocomposite demonstrated excellent fea-
tures as an adsorbent and photocatalyst for RhB removal. The homo-
geneous dispersion of the single-phase y-Fes03 nanoparticles in the Mt
structure contributed to the enhanced dye-surface interaction, as shown
by the significant improvement in adsorption capability. The narrow
band-gap energy of 3.2 €V is fit visible light and attractivity to magnetic
force provide the benefits of a low-cost and easy handling photocatal ytic
system. In addition, the nanocomposite showed a magnetically sepa-
rable performance for complete recovery after use. The stability of the
nanocomposite, proven by the relatively unchanged phase after use for
many cycles, greatly promotes its potential practical application for the

1z

removal of dye pollutants from wastewater.
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